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READING THE TOUR

Three ways to see a change

Plotting code

Read the complete commands and the
explanation of new parameters. 

Actual figure

Inspect the generated plot alongside its code.
Open a thumbnail to jump to its example. 

One change

Compare the named baseline with Before / After
controls and highlighted source lines. 

Follow the chapters from first plots, variables and data to axes, styling, reusable commands and statistics. Then choose a plot family: bars and
grouping, distributions and scatter plots, colour maps and heatmaps, surfaces and radar charts, sectors and waterfalls. Every comparison points to an
earlier example. 

Each example uses the plotting commands shown beside its figure. Chapter 30 explains custom styles and shows the complete files to save before
loading them. Its load commands are visible; earlier examples write any chosen RWTH colours as hexadecimal values directly in their commands and
use no additional style files. 

Start with plot sin(x). There are no exercises and no hidden accumulating session: every plot block starts its own gnuplot process. Blue lines differ

from the named comparison. The HTML has Before / After switches; the PDF shows the resulting plot. Some refactoring examples deliberately produce
the same picture. Read each plotting command beside its resulting figure. 

Read from the beginning or jump to a stable example ID. Each example includes its complete input and captured result. Copy link preserves the
address of the guide you are reading, including its current domain and path. 
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01 · First picture

PLT-01-001

Start with one command

PLT-01-002

Change the function

PLT-01-003

Add a second curve

PLT-01-004

Name the curves

PLT-01-005

Hide the legend

PLT-01-006

Choose the horizontal interval

PLT-01-007

Leave room above and below

PLT-01-008

See coarse sampling of a function

PLT-01-009

Increase samples without changing the
function

PLT-01-010

Break a line at an excluded interval
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02 · Variables, functions and arithmetic

PLT-02-001

Use variables for repeated numbers

PLT-02-002

Change one variable

PLT-02-003

Name the expression as a function

PLT-02-004

Use a string variable directly

PLT-02-005

Avoid accidental integer division

PLT-02-006

Calculate and combine functions

PLT-02-007

Scale and shift a function with arithmetic

PLT-02-008

Calculate the secant through two points

PLT-02-009

Calculate a tangent from the known
derivative

PLT-02-010

Move the tangent by changing one
variable

PLT-02-011

Estimate a tangent with a numerical
derivative

PLT-02-012

Compare numerical derivative step sizes
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03 · Reading and selecting data

PLT-03-001

Read columns and calculate plotted values

PLT-03-002

Read CSV headers and use them in the
legend

PLT-03-003

Compare missing values with invalid
values

PLT-03-004

Filter observations with a column
expression

PLT-03-005

Select every second data row

PLT-03-006

Select datasets separated by blank
records

PLT-03-007

Read dates and format their tick labels

PLT-03-008

Place ticks at calendar-month intervals

PLT-03-009

Read timestamps and show hourly ticks
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04 · Major tick marks

PLT-04-001

Prepare a simple tick example

PLT-04-002

Place a tick every two units

PLT-04-003

Halve the tick interval

PLT-04-004

Use half-unit ticks

PLT-04-005

Set start, increment and end

PLT-04-006

Choose irregular tick positions

PLT-04-007

Change y ticks independently

PLT-04-008

Remove x ticks

PLT-04-009

Remove y ticks

PLT-04-010

Keep marks but hide their labels
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05 · Axis ranges and scales

PLT-05-001

Observe automatic range rounding

PLT-05-002

Keep automatic ranges at the exact
extrema

PLT-05-003

Pad the data range with offsets

PLT-05-004

Let the upper x limit be automatic

PLT-05-005

Reverse the horizontal direction

PLT-05-006

Reverse the vertical direction

PLT-05-007

Begin with a positive function

PLT-05-008

Use a base-10 logarithmic y axis

PLT-05-009

Use a base-2 logarithmic y axis

PLT-05-010

Format logarithmic ticks as powers

PLT-05-011

Link a second axis in different units

PLT-05-012

Plot a separate quantity on the right axis
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06 · Tick labels and formatting

PLT-06-001

Replace numbers with words

PLT-06-002

Add one labelled tick

PLT-06-003

Rotate tick labels

PLT-06-004

Stand tick labels vertically

PLT-06-005

Left-align horizontal tick labels

PLT-06-006

Offset tick labels

PLT-06-007

Increase tick-label size

PLT-06-008

Colour tick-label text

PLT-06-009

Use a different tick-label font

PLT-06-010

Keep labels and hide tick strokes

PLT-06-011

Print one decimal place

PLT-06-012

Format values as percentages

PLT-06-013

Use scientific tick notation

PLT-06-014

Use engineering prefixes on ticks

PLT-06-015

Label an angular axis in multiples of pi
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07 · Minor ticks and grids

PLT-07-001

Remove mirrored ticks

PLT-07-002

Point ticks outward

PLT-07-003

Lengthen major ticks

PLT-07-004

Give the two axes different tick lengths

PLT-07-005

Add a minor tick halfway

PLT-07-006

Add four minor ticks

PLT-07-007

Set major and minor lengths

PLT-07-008

Subdivide the vertical axis

PLT-07-009

Show minor ticks on a logarithmic axis

PLT-07-010

Add a major grid

PLT-07-011

Show a lighter minor grid

PLT-07-012

Use dashed grid lines

PLT-07-013

Keep only horizontal grid lines

PLT-07-014

Draw the grid at the back

PLT-07-015

Draw the grid at the front
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08 · Axis labels and titles

PLT-08-001

Name the x axis

PLT-08-002

Name the y axis

PLT-08-003

Move the x label downward

PLT-08-004

Make the y label horizontal

PLT-08-005

Use subscripts and superscripts

PLT-08-006

Add a figure title

PLT-08-007

Increase the title font

PLT-08-008

Write a two-line title
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09 · Line, point and fill styles

PLT-09-001

Increase line width

PLT-09-002

Choose an explicit line colour

PLT-09-003

Use a dashed line

PLT-09-004

Plot sampled points

PLT-09-005

Choose the point symbol

PLT-09-006

Increase point size

PLT-09-007

Connect the points

PLT-09-008

Show a symbol at every tenth sample

PLT-09-009

Limit the total number of point symbols

PLT-09-010

Fill down to zero
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09 · Line, point and fill styles (continued)

PLT-09-011

Make the fill translucent

PLT-09-012

Fill between two curves

PLT-09-013

Set different defaults for data and
functions

PLT-09-014

Quick reference: line types

PLT-09-015

Quick reference: line widths

PLT-09-016

Quick reference: dash patterns

PLT-09-017

Quick reference: point symbols

PLT-09-018

Quick reference: point sizes

PLT-09-019

Quick reference: fill patterns

PLT-09-020

Quick reference: lines, steps and impulses
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10 · Legend position and layout

PLT-10-001

Move the legend to the lower left

PLT-10-002

Move the legend to the upper left

PLT-10-003

Move the legend outside

PLT-10-004

Place a horizontal legend below

PLT-10-005

Draw a legend box

PLT-10-006

Give the legend an opaque background

PLT-10-007

Give the legend a title

PLT-10-008

Anchor the legend with graph coordinates

PLT-10-009

Enlarge legend text

PLT-10-010

Lengthen legend samples

PLT-10-011

Increase spacing between entries

PLT-10-012

Arrange the legend in two columns

PLT-10-013

Reverse legend entry order

PLT-10-014

Reverse sample placement without
reordering entries
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11 · Borders and reference lines

PLT-11-001

Keep only left and bottom borders

PLT-11-002

Restore all four borders

PLT-11-003

Keep just the bottom border

PLT-11-004

Put the frame and ticks at the top and
right

PLT-11-005

Thicken the remaining borders

PLT-11-006

Colour the border and tick strokes

PLT-11-007

Use a dashed border

PLT-11-008

Shorten borders to the data extent

PLT-11-009

Draw the zero axes

PLT-11-010

Put ticks on the zero axes

PLT-11-011

Remove the outer frame

PLT-11-012

Style the horizontal zero reference
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12 · Labels, arrows and shaded regions

PLT-12-001

Compare five coordinate systems

PLT-12-002

Change ranges while retaining annotation
anchors

PLT-12-003

Place text at a data point

PLT-12-004

Offset a label from its point

PLT-12-005

Anchor text to the plot region

PLT-12-006

Centre text on its anchor

PLT-12-007

Give a label an opaque text box

PLT-12-008

Rotate an annotation along a trend

PLT-12-009

Draw an arrow between points

PLT-12-010

Control arrowhead size and angles

PLT-12-011

Quick reference: arrowheads

PLT-12-012

Clip a segment whose endpoints are both
outside

PLT-12-013

Highlight an x interval

PLT-12-014

Compare object layers behind and in front
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13 · Space, proportions and margins

PLT-13-001

Change the canvas shape

PLT-13-002

Change the overall font size

PLT-13-003

Make the plot region square

PLT-13-004

Set an explicit plot aspect ratio

PLT-13-005

Compare geometry on automatic axes

PLT-13-006

Give x and y equal physical units

PLT-13-007

Reserve more left margin

PLT-13-008

Reserve more bottom margin

PLT-13-009

Place the plot borders explicitly

PLT-13-010

Reserve space above the plot

PLT-13-011

Compare character margins with screen
margins
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14 · Reusable styles, loops and command blocks

PLT-14-001

Distinguish line types from user line styles

PLT-14-002

Replace a style fragment with a macro

PLT-14-003

Change the macro in one place

PLT-14-004

Reuse one style for two curves

PLT-14-005

Define and reuse a numbered line style

PLT-14-006

Override one property of a reusable style

PLT-14-007

Share geometry but vary colour

PLT-14-008

Put a range into a macro

PLT-14-009

Bundle several setup commands

ls 1, dt override

ls 1

lt 1
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14 · Reusable styles, loops and command blocks (continued)

PLT-14-010

Build a macro with string concatenation

PLT-14-011

Format a numeric macro parameter

PLT-14-012

See where a macro does not expand

PLT-14-013

Pass the title variable correctly

PLT-14-014

Execute constructed text with eval

PLT-14-015

Combine a plot loop with a style macro

PLT-14-016

Build macro text with a function
parameter

PLT-14-017

Pass parameters to a reusable command
block

PLT-14-018

Reset plot settings within a session
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15 · Statistics before plotting

PLT-15-001

Plot measurements by record number

PLT-15-002

Calculate and draw the mean

PLT-15-003

Locate the minimum by its record index

PLT-15-004

Locate the maximum as well

PLT-15-005

Use the actual x positions

PLT-15-006

Transform x consistently for statistics and
plotting

PLT-15-007

Draw the linear trend from two-column
statistics

PLT-15-008

Show the computed summary beside the
plot

PLT-15-009

Move the maximum by changing only the
data

PLT-15-010

Move the minimum without editing
annotations
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15 · Statistics before plotting (continued)

PLT-15-011

Begin with observations for an
exponential fit

PLT-15-012

Overlay an initial decay model

PLT-15-013

Let fit estimate the decay parameters

PLT-15-014

Display fitted values and their
uncertainties

PLT-15-015

Inspect residuals after fitting

PLT-15-016

Start an interpolation with six samples

PLT-15-017

Connect samples with straight lines

PLT-15-018

Replace joins with a cubic spline

PLT-15-019

Preserve monotonicity with mcsplines

PLT-15-020

Compare interpolation choices in one
figure
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16 · Multiple panels

PLT-16-001

Create two side-by-side panels

PLT-16-002

Stack the same panels vertically

PLT-16-003

Use a two-by-two layout

PLT-16-004

Fill panels down columns first

PLT-16-005

Specify shared outer margins

PLT-16-006

Increase the gap between columns

PLT-16-007

Reduce the gap again

PLT-16-008

Add a shared figure title

PLT-16-009

Share an x scale across stacked panels

PLT-16-010

Create an inset manually

PLT-16-011

See settings persist between panels

PLT-16-012

Clear a setting before the next panel
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17 · Terminals and output formats

PLT-17-001

Write an SVG with explicit terminal
settings

PLT-17-002

Export the same plot as a PNG image

PLT-17-003

Export a PDF at a physical page size

PLT-17-004

Export a PNG with a transparent
background
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18 · Bars and categorical histograms

PLT-18-001

Start with three bars

PLT-18-002

Set an exact bar width

PLT-18-003

Fill the bars

PLT-18-004

Use category names

PLT-18-005

Write values above the bars

PLT-18-006

Colour each category

PLT-18-007

Put two series side by side

PLT-18-008

Widen the gap between groups

PLT-18-009

Use hatching for the series

PLT-18-010

Stack the series by row

PLT-18-011

Normalize every stack to 100 percent

PLT-18-012

Turn bars horizontally
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19 · Data-driven grouping brackets

PLT-19-001

Start with labelled bars

PLT-19-002

Leave one empty position between groups

PLT-19-003

Colour bars by group

PLT-19-004

Derive group labels and widths from the
data

PLT-19-005

Scale a bracket to each group

PLT-19-006

Add a centred stem to the reusable shape

PLT-19-007

Widen a group by adding only a row

PLT-19-008

Detect an extra group and a new
maximum
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20 · Frequency histograms and binning

PLT-20-001

Bin raw observations into counts

PLT-20-002

Halve the bin width

PLT-20-003

Leave small gaps between bins

PLT-20-004

Shift the bin boundaries

PLT-20-005

Show probability per bin

PLT-20-006

Make the histogram a density

PLT-20-007

Display bin shares as percentages

PLT-20-008

Show the empirical cumulative
distribution
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21 · Uncertainty, distributions and symbols

PLT-21-001

Add symmetric error bars

PLT-21-002

Connect the uncertain measurements

PLT-21-003

Use asymmetric bounds

PLT-21-004

Show uncertainty as a ribbon

PLT-21-005

Summarize groups with boxplots

PLT-21-006

Change the boxplot whisker rule

PLT-21-007

Encode a third quantity as bubble area

PLT-21-008

Draw vectors from component data

PLT-21-009

Begin a price chart with closing values

2

3

4

5

6

7

8

9

0.5 1 1.5 2 2.5 3 3.5 4 4.5

PLT-21-001

2

3

4

5

6

7

8

9

0.5 1 1.5 2 2.5 3 3.5 4 4.5

PLT-21-002

2

3

4

5

6

7

8

9

0.5 1 1.5 2 2.5 3 3.5 4 4.5

PLT-21-003

-1.5

-1

-0.5

0

0.5

1

1.5

0 1 2 3 4 5 6

Band
Centre

PLT-21-004

0

2

4

6

8

10

12

14

16

A B

PLT-21-005

0

2

4

6

8

10

12

14

16

A B

PLT-21-006

0

1

2

3

4

5

6

0 1 2 3 4 5

PLT-21-007

-0.5

0

0.5

1

1.5

2

-1 -0.5 0 0.5 1 1.5 2

PLT-21-008

98

100

102

104

106

108

110

112

114

1 2 3 4 5 6

Close

S
yn

th
et

ic
p
ri
ce

Session

PLT-21-009

gnuplot / ONE CHANGE AT A TIME 26



21 · Uncertainty, distributions and symbols (continued)

PLT-21-010

Show open, close, low and high as
candlesticks

PLT-21-011

Narrow the candlestick bodies

PLT-21-012

Colour rising and falling sessions from the
data

PLT-21-013

Annotate the automatically detected high
and low

PLT-21-014

See why repeated points hide
observations

PLT-21-015

Separate overlapping observations with
jitter

PLT-21-016

Increase the swarm separation

PLT-21-017

Limit horizontal displacement with wrap
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Overlay automatically computed group
means
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22 · Scatter plots and PCA

PLT-22-001

Plot prepared PCA scores

PLT-22-002

Distinguish PCA groups by colour and
symbol

PLT-22-003

Label selected PCA samples

PLT-22-004

Draw PCA group-spread ellipses

PLT-22-005

Colour PCA points by a continuous
measurement

PLT-22-006

Overlay variable arrows in a PCA biplot

PLT-22-007

Connect multiple measurements with
parallel axes

PLT-22-008

Fix meaningful ranges for each parallel
axis

PLT-22-009

Colour parallel lines by design group

PLT-22-010

Reverse the cost axis to align preferences

PLT-22-011

Align all axes so higher means preferable
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23 · Colour scales and map layout

PLT-23-001

Start with a simple colour map

PLT-23-002

Choose a diverging palette

PLT-23-003

Expand the colour range

PLT-23-004

Set colourbar tick spacing

PLT-23-005

Label the colourbar

PLT-23-006

Hide the colourbar

PLT-23-007

Place a horizontal colourbar

PLT-23-008

Reduce a palette to discrete colour bands

PLT-23-009

Reverse the palette direction

PLT-23-010

Use a logarithmic colour scale

PLT-23-011

Colour points using a third data column

PLT-23-012

Share one colourbar across two panels
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24 · Matrix heatmaps

PLT-24-001

Draw a heatmap from a matrix

PLT-24-002

Put the first matrix row at the top

PLT-24-003

Label heatmap rows and columns

PLT-24-004

Print the value inside every cell

PLT-24-005

Draw lines between heatmap cells

PLT-24-006

Use a symmetric palette for signed values

PLT-24-007

Leave missing heatmap cells blank

PLT-24-008

Read a heatmap as x, y and value triples
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25 · Surfaces, contours and polar curves

PLT-25-001

Draw a wireframe surface

PLT-25-002

Remove hidden wireframe lines

PLT-25-003

Colour the surface height

PLT-25-004

Change the surface viewing angle

PLT-25-005

Compare coarse and fine surface
sampling

PLT-25-006

Project contour lines into a map

PLT-25-007

Choose only specific contour levels

PLT-25-008

Draw a polar curve

PLT-25-009

Add a polar grid
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26 · Spider plots and radar charts

PLT-26-001

Start a native spider plot

PLT-26-002

Add the polygonal spiderweb

PLT-26-003

Change the number of web rings

PLT-26-004

Show numeric notation on every spoke

PLT-26-005

Give each spoke a meaningful name

PLT-26-006

Rotate individual spoke labels

PLT-26-007

Move spoke names radially outward

PLT-26-008

Style the spoke-name font and colour

PLT-26-009

Use multiline and literal spoke names

PLT-26-010

Format a spoke scale as percentages

PLT-26-011

Use words for radial tick levels

PLT-26-012

Change numeric tick text and offset

20

40

60

80

100

Axis 1

Axis 2

Axis 3Axis 4

Axis 5

PLT-26-001

20

40

60

80

100

Axis 1

Axis 2

Axis 3Axis 4

Axis 5

PLT-26-002

25

50

75

100

Axis 1

Axis 2

Axis 3Axis 4

Axis 5

PLT-26-003

20

40

60

80

100

Axis 1

20
40

60
80

100

Axis 2

20

40

60

80

100

Axis 3

20

40

60

80

100

Axis 4

20
40

60
80

100Axis 5

PLT-26-004

20

40

60

80

100

Speed

Quality

ValueSupport

Capacity

PLT-26-005

20

40

60

80

100

Speed

Quality

ValueSupport

Cap
aci

ty

PLT-26-006

20

40

60

80

100

Speed

Quality

ValueSupport

Capacity

PLT-26-007

20

40

60

80

100

Speed

Quality

ValueSupport

Capacity

PLT-26-008

20

40

60

80

100

Response
time

Quality

cost_indexSupport

Capacity

PLT-26-009

20%

40%

60%

80%

100%

Speed

Quality

ValueSupport

Capacity

PLT-26-010

Low

Medium

High

Max

Speed

Quality

ValueSupport

Capacity

PLT-26-011

20

40

60

80

100

Speed

Quality

ValueSupport

Capacity

PLT-26-012

gnuplot / ONE CHANGE AT A TIME 32



26 · Spider plots and radar charts (continued)

PLT-26-013

Rotate numeric tick labels explicitly

PLT-26-014

Give spokes different units and ranges

PLT-26-015

Reverse a lower-is-better spoke

PLT-26-016

Choose which variable starts at the top

PLT-26-017

Fill the polygon transparently

PLT-26-018

Remove the polygon border

PLT-26-019

Mark every polygon vertex

PLT-26-020

Choose a dashed polygon outline

PLT-26-021

Style the radial spoke lines

PLT-26-022

Style and layer the web grid

PLT-26-023

Compare several rows and name the
series

PLT-26-024

Combine separate datasets with
newspiderplot
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27 · Sectors, pies and donuts

PLT-27-001

Draw a single sector

PLT-27-002

Complete a three-slice pie

PLT-27-003

Assign distinct slice colours

PLT-27-004

Separate slices with white borders

PLT-27-005

Label the percentages

PLT-27-006

Open a donut hole

PLT-27-007

Make the donut ring thinner

PLT-27-008

Reverse the angular direction

PLT-27-009

Add a central total
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28 · Waterfall totals and floating bars

PLT-28-001

Start with one floating rectangle

PLT-28-002

Arrange a sequence of intervals

PLT-28-003

Derive intervals from signed changes

PLT-28-004

Colour totals, gains and losses

PLT-28-005

Connect the running levels

PLT-28-006

Print the signed changes

PLT-28-007

Narrow the waterfall bars

PLT-28-008

Draw a small schedule from task intervals

PLT-28-009

Replace schedule lines with interval boxes

PLT-28-010

Show calendar dates on the schedule

PLT-28-011

Overlay the completed fraction of each
task

PLT-28-012

Adapt the schedule range when a task is
added
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29 · Offset curves and signal waterfalls

PLT-29-001

Draw a family of related curves

PLT-29-002

Separate curves with a vertical offset

PLT-29-003

Increase the separation

PLT-29-004

Fill offset curves back to front

PLT-29-005

Move the signal waterfall into 3D

PLT-29-006

Fill the 3D waterfall slices
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30 · Custom styles and loading

PLT-30-001

Define a reusable style file

PLT-30-002

Load a project or personal style

PLT-30-003

Load RWTH–Tufte for a line plot

PLT-30-004

Use the library’s named colours

PLT-30-005

Override a style for one plot
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READING PLOTTING CODE

Complete plotting commands
The main panel highlights the plotting commands that make each figure. Expand the complete Bash block to see the setup as well. A quoted heredoc passes
gnuplot expressions literally, and each example starts a fresh plotting process.

Plot setup explained

gnuplot -d Start a fresh process and ignore startup configuration files.

<<'GP' ... GP Quoted Bash heredoc: pass $D, $1 and other gnuplot syntax literally. The closing GP stands alone.

terminal svg size 1200,600 Use an SVG canvas 1200 pixels wide and 600 high, unless an example explicitly changes it.

enhanced font "sans,20" Enable enhanced text; choose nominal font size 20. Rendering depends on the terminal and installed fonts.

encoding utf8; white background Use UTF-8 text and an opaque white canvas.

set output 'figures/ID.svg' Select the output filename; unset output closes it.

label 999 at screen 0.985,0.975 Reserved ID near the upper-right corner. Screen positions are canvas fractions; right aligns text, front draws it
above other layers.

font ",12"; textcolor #646567 Use the current font family at nominal size 12, in RWTH grey.
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STABLE REFERENCES

IDs identify plots; page numbers locate them
An ID such as PLT-15-003 identifies the tour (PLT), chapter (15) and example within that chapter (003). Examples start at 001 in each chapter; 000 is the chapter
anchor. IDs are independent of PDF pages.

Use an ID to open an example directly, follow a comparison or find its downloadable files. The plot index maps IDs to topics and filenames.

Topic ID range Plots

01 · First picture PLT-01-001 ... PLT-01-010 10

02 · Variables, functions and arithmetic PLT-02-001 ... PLT-02-012 12

03 · Reading and selecting data PLT-03-001 ... PLT-03-009 9

04 · Major tick marks PLT-04-001 ... PLT-04-010 10

05 · Axis ranges and scales PLT-05-001 ... PLT-05-012 12

06 · Tick labels and formatting PLT-06-001 ... PLT-06-015 15

07 · Minor ticks and grids PLT-07-001 ... PLT-07-015 15

08 · Axis labels and titles PLT-08-001 ... PLT-08-008 8

09 · Line, point and fill styles PLT-09-001 ... PLT-09-020 20

10 · Legend position and layout PLT-10-001 ... PLT-10-014 14

11 · Borders and reference lines PLT-11-001 ... PLT-11-012 12

12 · Labels, arrows and shaded regions PLT-12-001 ... PLT-12-014 14

13 · Space, proportions and margins PLT-13-001 ... PLT-13-011 11

14 · Reusable styles, loops and command blocks PLT-14-001 ... PLT-14-018 18

15 · Statistics before plotting PLT-15-001 ... PLT-15-020 20

16 · Multiple panels PLT-16-001 ... PLT-16-012 12

17 · Terminals and output formats PLT-17-001 ... PLT-17-004 4

18 · Bars and categorical histograms PLT-18-001 ... PLT-18-012 12

19 · Data-driven grouping brackets PLT-19-001 ... PLT-19-008 8

20 · Frequency histograms and binning PLT-20-001 ... PLT-20-008 8

21 · Uncertainty, distributions and symbols PLT-21-001 ... PLT-21-018 18

22 · Scatter plots and PCA PLT-22-001 ... PLT-22-011 11

23 · Colour scales and map layout PLT-23-001 ... PLT-23-012 12

24 · Matrix heatmaps PLT-24-001 ... PLT-24-008 8

25 · Surfaces, contours and polar curves PLT-25-001 ... PLT-25-009 9

26 · Spider plots and radar charts PLT-26-001 ... PLT-26-024 24

27 · Sectors, pies and donuts PLT-27-001 ... PLT-27-009 9

28 · Waterfall totals and floating bars PLT-28-001 ... PLT-28-012 12

29 · Offset curves and signal waterfalls PLT-29-001 ... PLT-29-006 6
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PLT-01-001 / FIRST PICTURE

Start with one command
New baseline: the commands below define this example.

gnuplot can draw a mathematical expression directly. The automatic
axes, border and legend are a useful starting point.

PLT-01-001 · Generated from the complete Bash block

plot Draw a two-dimensional graph.

sin(x) Evaluate the sine function; its argument is in radians.

x The independent variable sampled along the horizontal
axis.

plot sin(x)
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PLT-01-002 / FIRST PICTURE

Change the function
Compare with PLT-01-001 · Start with one command.

Replace sine with cosine; the plotting command stays the same.

PLT-01-002 · Generated from the complete Bash block

cos(x) The cosine function, also using radians.

plot cos(x)
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PLT-01-003 / FIRST PICTURE

Add a second curve
Compare with PLT-01-001 · Start with one command.

A comma adds another curve to the same coordinate system.

PLT-01-003 · Generated from the complete Bash block

, Separates plot elements within a single plot command.

plot sin(x), cos(x)
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PLT-01-004 / FIRST PICTURE

Name the curves
Compare with PLT-01-003 · Add a second curve.

Explicit titles replace the expression text in the legend.

PLT-01-004 · Generated from the complete Bash block

title Set the legend text for that curve.

'Sine', 'Cosine' Quoted text is a string. Each title belongs to the
preceding expression.

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-01-005 / FIRST PICTURE

Hide the legend
Compare with PLT-01-001 · Start with one command.

Remove the legend while preserving the curve.

PLT-01-005 · Generated from the complete Bash block

key gnuplot’s name for the legend.

unset Disable the named setting.

unset key

plot sin(x)
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PLT-01-006 / FIRST PICTURE

Choose the horizontal interval
Compare with PLT-01-001 · Start with one command.

Restrict the plot to one complete sine period.

PLT-01-006 · Generated from the complete Bash block

set xrange Set the horizontal axis limits.

[0:2*pi] Lower limit 0, upper limit 2π. The colon separates the
two bounds.

pi; * pi is the built-in constant; * means multiplication.

set xrange [0:2*pi]

plot sin(x)
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PLT-01-007 / FIRST PICTURE

Leave room above and below
Compare with PLT-01-006 · Choose the horizontal interval.

Fix the vertical range so the curve no longer touches the top and
bottom.

PLT-01-007 · Generated from the complete Bash block

yrange The vertical axis range.

-1.5:1.5 Lower and upper y limits, in data units.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

plot sin(x)
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PLT-01-008 / FIRST PICTURE

See coarse sampling of a function
New baseline: the commands below define this example.

gnuplot draws analytic functions by evaluating a finite set of points
and connecting them. Too few samples can make a smooth function
appear angular or miss features.

PLT-01-008 · Generated from the complete Bash block

samples 13 Evaluate the function at thirteen x positions.

linespoints Expose the sample positions and the connecting straight
segments.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set samples 13

plot sin(3*x) with linespoints pt 7 lw 2 notitle
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PLT-01-009 / FIRST PICTURE

Increase samples without changing the function
Compare with PLT-01-008 · See coarse sampling of a function.

More samples improve the approximation and take more work. This
setting controls function evaluation; it does not add observations to a
data file.

PLT-01-009 · Generated from the complete Bash block

samples 301 Use a denser function-evaluation grid.

pi 25 Keep markers sparse while retaining the dense line.

data plots Their resolution depends on the supplied data, not set
samples.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set samples 301

plot sin(3*x) with linespoints pt 7 pi 25 lw 2 notitle
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PLT-01-010 / FIRST PICTURE

Break a line at an excluded interval
New baseline: the commands below define this example.

Conditional undefined values create a gap. More samples alone do
not reliably prevent spurious lines across discontinuities or excluded
regions.

PLT-01-010 · Generated from the complete Bash block

condition ? 1/0 : value Return an undefined value where the curve must be
omitted.

abs(x)<0.2 Exclude a visible interval around the singularity.

1/0 gnuplot treats this expression as undefined for plotting.

set xrange [-2:2]

set yrange [-5:5]

set samples 401

f(x) = abs(x)<0.2 ? 1/0 : 1/x

plot f(x) with lines lw 3 notitle
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PLT-02-001 / VARIABLES, FUNCTIONS AND ARITHMETIC

Use variables for repeated numbers
New baseline: the commands below define this example.

Start with ordinary numeric variables. A variable holds a value; no
textual macro expansion is needed.

PLT-02-001 · Generated from the complete Bash block

A Amplitude: scales the vertical height of the sine wave.

w Angular frequency: w=2 produces two cycles over 0 to
2*pi.

A*sin(w*x) Read the variables when the expression is evaluated.

A = 1.0

w = 2.0

set xrange [0:2*pi]

set yrange [-2.5:2.5]

plot A*sin(w*x) with lines linewidth 2 notitle
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PLT-02-002 / VARIABLES, FUNCTIONS AND ARITHMETIC

Change one variable
Compare with PLT-02-001 · Use variables for repeated numbers.

Doubling amplitude changes only the vertical scale of the function.

PLT-02-002 · Generated from the complete Bash block

A = 2.0 Peaks become +2 and -2; the displayed axis range stays
fixed.

A = 2.0

w = 2.0

set xrange [0:2*pi]

set yrange [-2.5:2.5]

plot A*sin(w*x) with lines linewidth 2 notitle
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PLT-02-003 / VARIABLES, FUNCTIONS AND ARITHMETIC

Name the expression as a function
Compare with PLT-02-001 · Use variables for repeated numbers.

The result is intentionally unchanged. A function packages numeric
calculation, while a macro will package command text.

PLT-02-003 · Generated from the complete Bash block

f(x) = ... Define a numeric function with one argument; it can also
read A and w.

A = 1.0

w = 2.0

set xrange [0:2*pi]

set yrange [-2.5:2.5]

f(x) = A*sin(w*x)

plot f(x) with lines linewidth 2 notitle
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PLT-02-004 / VARIABLES, FUNCTIONS AND ARITHMETIC

Use a string variable directly
New baseline: the commands below define this example.

Many commands accept string expressions already. Titles are a
simple example.

PLT-02-004 · Generated from the complete Bash block

TITLE = "..." Assign text to a string variable; variable names are
case-sensitive.

set title TITLE Pass the string value directly to the title command. No
@ is necessary.

TITLE = "My sine curve"

set title TITLE

set xrange [0:2*pi]

plot sin(x) with lines linewidth 2 notitle
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PLT-02-005 / VARIABLES, FUNCTIONS AND ARITHMETIC

Avoid accidental integer division
New baseline: the commands below define this example.

When both operands are integers, division truncates its result before
later calculations. At least one real operand gives real division.
Multiplying an already truncated result by x cannot recover the
fraction.

PLT-02-005 · Generated from the complete Bash block

1/2 Both operands are integers, so the result is zero.

1.0/2 A real operand makes the result 0.5.

real_ratio*x Use the calculated fraction as the slope of a line.

%d; %.1f Print the integer result and the real result with one
decimal digit.

integer_ratio = 1/2

real_ratio = 1.0/2

set xrange [0:4]

set yrange [-0.2:2.3]

set key top left

plot integer_ratio*x with lines lw 3 \

title sprintf("1/2 = %d: slope zero",integer_ratio), \

real_ratio*x with lines lw 3 \

title sprintf("1.0/2 = %.1f: slope one half",real_ratio)
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PLT-02-006 / VARIABLES, FUNCTIONS AND ARITHMETIC

Calculate and combine functions
New baseline: the commands below define this example.

gnuplot evaluates arithmetic expressions directly. Define two
functions, then add their values at each x position. Parentheses
control evaluation order; ** means exponentiation, not
multiplication.

PLT-02-006 · Generated from the complete Bash block

x**2 Square x; exponentiation uses **.

+; -; *; / Add, subtract, multiply and divide numeric expressions.

(x+1)*0.5 Add one first, then multiply the entire result by one half.

sum_curve(x) A user function can call other user functions.

f(x) = x**2/4.0

g(x) = (x+1)*0.5

sum_curve(x) = f(x)+g(x)

set xrange [-2:2]

set yrange [-1:3]

set key top left

plot f(x) with lines lw 3 title "f(x) = x^2/4", \

g(x) with lines lw 3 title "g(x) = (x+1)/2", \

sum_curve(x) with lines lw 3 title "f(x) + g(x)" -1
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PLT-02-007 / VARIABLES, FUNCTIONS AND ARITHMETIC

Scale and shift a function with arithmetic
New baseline: the commands below define this example.

Transform a curve by calculating new arguments and values.
Subtracting a positive shift inside f moves it right; multiplying its
result changes its amplitude; adding an offset moves it upward.

PLT-02-007 · Generated from the complete Bash block

f(x-shift) Shift the curve right by pi/2 radians.

amplitude*f(...) Scale the vertical variation by 1.5.

+offset Add 0.5 to every plotted y value.

pi Built-in constant; trigonometric arguments are radians
by default.

f(x) = sin(x)

amplitude = 1.5

shift = pi/2

offset = 0.5

transformed(x) = amplitude*f(x-shift)+offset

set xrange [0:2*pi]

set yrange [-2:2.5]

set key top left

plot f(x) with lines lw 3 title "Original sin(x)", \

transformed(x) with lines lw 3 \

title "1.5 sin(x-pi/2) + 0.5"
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PLT-02-008 / VARIABLES, FUNCTIONS AND ARITHMETIC

Calculate the secant through two points
New baseline: the commands below define this example.

A secant joins two points on the function. Its slope is the change in y
divided by the change in x. The point-slope equation builds the entire
line from that slope and the first point.

PLT-02-008 · Generated from the complete Bash block

a; b Choose distinct x positions; b-a must not be zero.

(f(b)-f(a))/(b-a) Calculate the average slope between the two points.

f(a)+slope*(x-a) A line with the calculated slope passing through (a,f(a)).

label ... point Mark both points using their calculated y coordinates.

f(x) = x**2

a = 0.5

b = 2.0

slope = (f(b)-f(a))/(b-a)

secant(x) = f(a)+slope*(x-a)

set xrange [-1:3]

set yrange [-3:9]

set key top left

set label 1 "a" at a,f(a) offset 0,1 point pt 7 front

set label 2 "b" at b,f(b) offset 0,1 point pt 7 front

plot f(x) with lines lw 3 title "f(x) = x^2", \

secant(x) with lines lw 3 dt 2 title "Secant through a and b"
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PLT-02-009 / VARIABLES, FUNCTIONS AND ARITHMETIC

Calculate a tangent from the known derivative
Compare with PLT-02-008 · Calculate the secant through two points.

The tangent uses the local derivative instead of a secant slope.
Supply the derivative explicitly, then calculate t(x)=f(a)+f'(a)*(x-a).
For x squared at a=1, the result is 2*x-1.

PLT-02-009 · Generated from the complete Bash block

df(x) = 2*x Define the known derivative of x squared; its name has
no special meaning to gnuplot.

slope = df(a) Evaluate the derivative at the point of tangency.

tangent(x) Use point-slope form to calculate the tangent line.

a = 1.0 The contact point is (1,1) and its slope is two.

f(x) = x**2

df(x) = 2*x

a = 1.0

slope = df(a)

tangent(x) = f(a)+slope*(x-a)

set xrange [-1:3]

set yrange [-3:9]

set key top left

set label 1 "Tangency" at a,f(a) offset 0,1 point pt 7 front

plot f(x) with lines lw 3 title "f(x) = x^2", \

tangent(x) with lines lw 3 dt 2 \

title sprintf("Tangent at x = %.1f",a)
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PLT-02-010 / VARIABLES, FUNCTIONS AND ARITHMETIC

Move the tangent by changing one variable
Compare with PLT-02-009 · Calculate a tangent from the known derivative.

Change only a and recalculate the slope. At a=2, the contact point
becomes (2,4), the slope becomes four, and the tangent becomes
4*x-4. Assigned numeric variables are evaluated when their
assignment executes.

PLT-02-010 · Generated from the complete Bash block

a = 2.0 Move the point of tangency to x=2.

slope = df(a) Re-evaluate this assignment after changing a.

tangent(x) A user function evaluates its expression using the
current variable values.

f(x) = x**2

df(x) = 2*x

a = 2.0

slope = df(a)

tangent(x) = f(a)+slope*(x-a)

set xrange [-1:3]

set yrange [-3:9]

set key top left

set label 1 "Tangency" at a,f(a) offset 0,1 point pt 7 front

plot f(x) with lines lw 3 title "f(x) = x^2", \

tangent(x) with lines lw 3 dt 2 \

title sprintf("Tangent at x = %.1f",a)
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PLT-02-011 / VARIABLES, FUNCTIONS AND ARITHMETIC

Estimate a tangent with a numerical derivative
New baseline: the commands below define this example.

For a smooth function, a centered difference approximates the local
slope using two nearby evaluations. This calculates an estimate
rather than symbolically differentiating f. The step h must be nonzero
and suitable for the function scale.

PLT-02-011 · Generated from the complete Bash block

exp(-x**2) Evaluate the exponential function at minus x squared.

1e-5 Scientific notation for 0.00001.

(f(x+h)-f(x-h))/(2*h) Centered finite difference: change in function value
divided by the full interval width.

h Controls the numerical approximation; this fixed step is
an example, not a universal choice.

differentiability A finite difference does not guarantee a tangent exists at
a cusp or discontinuity.

f(x) = exp(-x**2)

h = 1e-5

df(x) = (f(x+h)-f(x-h))/(2*h)

a = 0.5

slope = df(a)

tangent(x) = f(a)+slope*(x-a)

set xrange [-2:2]

set yrange [-1:1.5]

set key bottom left

set label 1 "Tangency" at a,f(a) offset 0,1 point pt 7 front

plot f(x) with lines lw 3 title "exp(-x^2)", \

tangent(x) with lines lw 3 dt 2 \

title sprintf("Numerical tangent: slope %.4f",slope)
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PLT-02-012 / VARIABLES, FUNCTIONS AND ARITHMETIC

Compare numerical derivative step sizes
Compare with PLT-02-011 · Estimate a tangent with a numerical derivative.

For f(x)=x cubed, the centered difference equals 3*x squared plus h
squared. A large step therefore produces a visible upward error. A
smaller step reduces that error here; extremely small steps can
instead lose accuracy through floating-point cancellation.

PLT-02-012 · Generated from the complete Bash block

estimate(x,h) A function with two parameters makes the step size
explicit.

h=0.5 For this cubic, the derivative estimate is too high by
0.25.

h=0.05 Reduce that error to 0.0025; the blue and exact curves
nearly coincide.

truncation versus rounding A smaller step reduces approximation error until
floating-point effects become significant.

f(x) = x**3

exact(x) = 3*x**2

estimate(x,h) = (f(x+h)-f(x-h))/(2*h)

set xrange [-1:1]

set yrange [0:3.5]

set key top center

plot exact(x) with lines lw 5 lc rgb "#9C9E9F" \

title "Exact derivative: 3x^2", \

estimate(x,0.5) with lines lw 3 dt 2 lc rgb "#CC071E" \

title "Centered difference: h=0.5", \

estimate(x,0.05) with lines lw 2 lc rgb "#00549F" \

title "Centered difference: h=0.05"
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PLT-03-001 / READING AND SELECTING DATA

Read columns and calculate plotted values
New baseline: the commands below define this example.

Using selects columns for the plot style. Parenthesized expressions
can transform a column before plotting. This inline datablock behaves
like a whitespace-separated data file.

PLT-03-001 · Generated from the complete Bash block

using 1:2 Read x from column 1 and y from column 2.

using 1:($2*2) Compute y from a column expression.

$D Named inline data; a quoted filename can be used in its
place.

$2 Column 2 of the current data row inside a using
expression.

$D << EOD

0 1

1 3

2 2

3 4

4 3

EOD

set xrange [-0.3:4.3]

set yrange [0:9]

plot $D using 1:2 with linespoints title "Column 2", \

$D using 1:($2*2) with linespoints title "Twice column 2"
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PLT-03-002 / READING AND SELECTING DATA

Read CSV headers and use them in the legend
New baseline: the commands below define this example.

Set the separator before reading CSV. Column headers name the
quantities and can automatically supply legend entries. The data are
embedded here so the example stays self-contained.

PLT-03-002 · Generated from the complete Bash block

separator comma Split fields at commas rather than whitespace.

datafile columnheaders Treat the first row as column names.

using "Hour":"Temperature" Select columns by their header names.

autotitle columnhead Use the y-column header as the legend title.

$CSV << EOD

"Hour","Temperature","Humidity"

0,18,7

1,21,6

2,25,5

3,23,6

4,20,7

EOD

set datafile separator comma

set datafile columnheaders

set key autotitle columnhead

set xlabel "Hour"

plot $CSV using "Hour":"Temperature" with linespoints, \

$CSV using "Hour":"Humidity" with linespoints
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PLT-03-003 / READING AND SELECTING DATA

Compare missing values with invalid values
Compare with PLT-03-001 · Read columns and calculate plotted values.

gnuplot distinguishes missing data from invalid data. A configured
missing token skips the row and connects the surrounding
observations. An invalid value breaks the line. Use explicit gaps when
continuity would be misleading.

PLT-03-003 · Generated from the complete Bash block

datafile missing "NaN" Skip rows containing this token; connect across the
missing observation.

unset datafile missing Treat NaN as invalid again, retaining the row as a break
in the line.

blank line A blank record can also separate connected data
segments.

$D << EOD

0 1

1 3

2 NaN

3 4

4 3

EOD

set multiplot layout 1,2

set xrange [-0.3:4.3]

set yrange [0:5]

set datafile missing "NaN"

set title "Missing token: row skipped"

plot $D using 1:2 with linespoints pt 7 lw 3 notitle

unset datafile missing

set title "Invalid value: line broken"

plot $D using 1:2 with linespoints pt 7 lw 3 notitle

unset multiplot
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PLT-03-004 / READING AND SELECTING DATA

Filter observations with a column expression
Compare with PLT-03-001 · Read columns and calculate plotted values.

The ternary expression keeps rows that satisfy a condition and
returns an undefined value for the others. Points show the retained
observations without implying continuity.

PLT-03-004 · Generated from the complete Bash block

$2>=3 ? $2 : 1/0 Keep the value only if column 2 is at least three.

1/0 Skip a row by making its plotted value undefined.

points Show the selected observations without connecting
gaps.

$D << EOD

0 1

1 3

2 2

3 4

4 3

EOD

set xrange [-0.3:4.3]

set yrange [0:5]

plot $D using 1:2 with points pt 6 ps 2 title "All rows", \

$D using 1:($2>=3 ? $2 : 1/0) with points \

pt 7 ps 2 lc rgb "#CC071E" title "y ≥ 3"

0

1

2

3

4

5

0 0.5 1 1.5 2 2.5 3 3.5 4

All rows
y ≥ 3

PLT-03-004

gnuplot / ONE CHANGE AT A TIME 65



PLT-03-005 / READING AND SELECTING DATA

Select every second data row
Compare with PLT-03-001 · Read columns and calculate plotted values.

Every selects input records before plotting. It reduces the data used
for both the line and its symbols, unlike pointinterval which only thins
symbols.

PLT-03-005 · Generated from the complete Bash block

every 2 Select rows 0, 2, 4, and so on.

every versus pointinterval Every changes the input observations; pointinterval only
changes displayed markers.

$D << EOD

0 1

1 3

2 2

3 4

4 3

EOD

set xrange [-0.3:4.3]

set yrange [0:5]

plot $D using 1:2 with linespoints pt 6 title "All rows", \

$D every 2 using 1:2 with linespoints pt 7 lw 3 \

title "Every second row"
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PLT-03-006 / READING AND SELECTING DATA

Select datasets separated by blank records
New baseline: the commands below define this example.

Two blank records separate indexed datasets. A single blank record
breaks a line within one dataset. Index numbering begins at zero.

PLT-03-006 · Generated from the complete Bash block

index 0; index 1 Select the first and second datasets.

two blank records Start a new indexed dataset.

one blank record Separate connected segments without starting a new
index.

$D << EOD

0 1

1 3

2 2

0 4

1 2

2 3

EOD

set xrange [-0.2:2.2]

set yrange [0:5]

plot $D index 0 using 1:2 with linespoints title "Dataset 0", \

$D index 1 using 1:2 with linespoints title "Dataset 1"
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PLT-03-007 / READING AND SELECTING DATA

Read dates and format their tick labels
New baseline: the commands below define this example.

Input parsing and displayed tick labels use separate formats. gnuplot
stores time coordinates as seconds; a tick interval of 86400 therefore
represents one day.

PLT-03-007 · Generated from the complete Bash block

xdata time Interpret x input and quoted range limits as dates/
times.

timefmt "%Y-%m-%d" Read the year-month-day syntax in the data.

format x "%d %b" Display day and abbreviated month on the ticks.

xtics 86400 Use a one-day interval measured in seconds.

$D << EOD

2026-01-01 2

2026-01-02 4

2026-01-03 3

2026-01-04 5

2026-01-05 4

EOD

set xdata time

set timefmt "%Y-%m-%d"

set format x "%d %b"

set xrange ["2026-01-01":"2026-01-05"]

set xtics 86400

set yrange [0:6]

plot $D using 1:2 with linespoints pt 7 lw 3 notitle
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PLT-03-008 / READING AND SELECTING DATA

Place ticks at calendar-month intervals
Compare with PLT-03-007 · Read dates and format their tick labels.

Months have different lengths, so a fixed number of seconds is not a
calendar month. The month interval syntax follows calendar
boundaries.

PLT-03-008 · Generated from the complete Bash block

1 month Advance by calendar months rather than a fixed second
count.

format x "%b" Print abbreviated month names.

quoted start and end Parse tick boundaries using timefmt.

$D << EOD

2026-01-01 2

2026-02-01 4

2026-03-01 3

2026-04-01 5

2026-05-01 4

2026-06-01 6

EOD

set xdata time

set timefmt "%Y-%m-%d"

set format x "%b"

set xrange ["2026-01-01":"2026-06-01"]

set xtics "2026-01-01", 1 month, "2026-06-01"

set yrange [0:7]

plot $D using 1:2 with linespoints pt 7 lw 3 notitle
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PLT-03-009 / READING AND SELECTING DATA

Read timestamps and show hourly ticks
Compare with PLT-03-007 · Read dates and format their tick labels.

A timestamp separated with T stays in one data field. gnuplot uses
UTC-style time coordinates and does not apply local timezone or
daylight-saving conversions.

PLT-03-009 · Generated from the complete Bash block

T Literal separator matched by the input format.

%H:%M Parse or display hours and minutes, according to the
command.

xtics 3600 Place ticks one hour apart.

timezone Normalize timestamps to the intended time standard
before plotting.

$D << EOD

2026-01-01T08:00 2

2026-01-01T09:00 4

2026-01-01T10:00 3

2026-01-01T11:00 5

2026-01-01T12:00 4

EOD

set xdata time

set timefmt "%Y-%m-%dT%H:%M"

set format x "%H:%M"

set xtics 3600

set yrange [0:6]

plot $D using 1:2 with linespoints pt 7 lw 3 notitle

0

1

2

3

4

5

6

08:00 09:00 10:00 11:00 12:00

PLT-03-009

gnuplot / ONE CHANGE AT A TIME 70



PLT-04-001 / MAJOR TICK MARKS

Prepare a simple tick example
Compare with PLT-01-007 · Leave room above and below.

Use an interval from 0 to 6. Subsequent tick examples refer back to
this unchanged curve and range.

PLT-04-001 · Generated from the complete Bash block

[0:6] Only the horizontal range changes. Ticks are still placed
automatically.

set yrange [-1.5:1.5]

set xrange [0:6]

plot sin(x)
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PLT-04-002 / MAJOR TICK MARKS

Place a tick every two units
Compare with PLT-04-001 · Prepare a simple tick example.

Set an explicit interval between major x ticks.

PLT-04-002 · Generated from the complete Bash block

xtics Configure major ticks on the lower x axis.

2 Tick increment in x data units.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 2

plot sin(x)
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PLT-04-003 / MAJOR TICK MARKS

Halve the tick interval
Compare with PLT-04-002 · Place a tick every two units.

Change only the increment: more tick marks now appear.

PLT-04-003 · Generated from the complete Bash block

1 A tick every one x unit, rather than every two.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

plot sin(x)
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PLT-04-004 / MAJOR TICK MARKS

Use half-unit ticks
Compare with PLT-04-003 · Halve the tick interval.

A fractional increment gives a denser scale.

PLT-04-004 · Generated from the complete Bash block

0.5 A tick every half unit. Decimal values are allowed.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 0.5

plot sin(x)
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PLT-04-005 / MAJOR TICK MARKS

Set start, increment and end
Compare with PLT-04-003 · Halve the tick interval.

Three values restrict where the regularly spaced ticks begin and end.

PLT-04-005 · Generated from the complete Bash block

0.5 First tick position.

1 Increment between ticks.

5.5 Last permitted tick position. The axis range itself is
unchanged.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 0.5,1,5.5

plot sin(x)

-1.5

-1

-0.5

0

0.5

1

1.5

0.5 1.5 2.5 3.5 4.5 5.5

sin(x)

PLT-04-005

gnuplot / ONE CHANGE AT A TIME 75



PLT-04-006 / MAJOR TICK MARKS

Choose irregular tick positions
Compare with PLT-04-003 · Halve the tick interval.

A parenthesised list replaces the regular sequence.

PLT-04-006 · Generated from the complete Bash block

(0,1,4,6) Explicit x positions; they need not be evenly spaced.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics (0,1,4,6)

plot sin(x)
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PLT-04-007 / MAJOR TICK MARKS

Change y ticks independently
Compare with PLT-04-003 · Halve the tick interval.

Keep the x ticks and change only the vertical increment.

PLT-04-007 · Generated from the complete Bash block

ytics Configure ticks on the primary y axis.

0.5 Vertical tick increment, in y data units.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set ytics 0.5

plot sin(x)
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PLT-04-008 / MAJOR TICK MARKS

Remove x ticks
Compare with PLT-04-003 · Halve the tick interval.

The curve, x axis and y ticks remain visible.

PLT-04-008 · Generated from the complete Bash block

unset xtics Remove both the x tick marks and their labels.

set yrange [-1.5:1.5]

set xrange [0:6]

unset xtics

plot sin(x)

-1.5

-1

-0.5

0

0.5

1

1.5
sin(x)

PLT-04-008

gnuplot / ONE CHANGE AT A TIME 78



PLT-04-009 / MAJOR TICK MARKS

Remove y ticks
Compare with PLT-04-003 · Halve the tick interval.

Hide the vertical scale while retaining the horizontal one.

PLT-04-009 · Generated from the complete Bash block

unset ytics Remove the primary y tick marks and labels.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

unset ytics

plot sin(x)
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PLT-04-010 / MAJOR TICK MARKS

Keep marks but hide their labels
Compare with PLT-04-003 · Halve the tick interval.

An empty format string removes the text while leaving the tick
marks.

PLT-04-010 · Generated from the complete Bash block

format x Control how x tick values are printed.

"" An empty string: print no label text.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set format x ""

plot sin(x)
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PLT-05-001 / AXIS RANGES AND SCALES

Observe automatic range rounding
New baseline: the commands below define this example.

With data input, autoscaling finds the extrema and normally extends
the range to convenient major ticks. This leaves some space between
the extreme points and the frame.

PLT-05-001 · Generated from the complete Bash block

autoscale xy Choose x and y ranges from the plotted data.

xtics 1; ytics 1 Major tick positions guide the default extension of the
ranges.

$D << EOD

1.2 2.3

2.1 4.7

3.4 3.1

EOD

set autoscale xy

set xtics 1

set ytics 1

plot $D using 1:2 with linespoints pt 7 lw 3 notitle

2

3

4

5

1 2 3 4

PLT-05-001

gnuplot / ONE CHANGE AT A TIME 81



PLT-05-002 / AXIS RANGES AND SCALES

Keep automatic ranges at the exact extrema
Compare with PLT-05-001 · Observe automatic range rounding.

The fix modifier disables extension to the next major tick. Large point
symbols may touch the border because the coordinates now end
exactly at the data extrema.

PLT-05-002 · Generated from the complete Bash block

autoscale xfix; autoscale yfix Autoscale both axes without rounding outward to major
ticks.

fix Controls extension of an automatic range; it does not
make the range manually fixed.

$D << EOD

1.2 2.3

2.1 4.7

3.4 3.1

EOD

set autoscale xfix

set autoscale yfix

set xtics 1

set ytics 1

plot $D using 1:2 with linespoints pt 7 lw 3 notitle
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PLT-05-003 / AXIS RANGES AND SCALES

Pad the data range with offsets
Compare with PLT-05-002 · Keep automatic ranges at the exact extrema.

Offsets add room inside the coordinate frame. Margins instead
reserve space outside the frame for labels and other decorations.

PLT-05-003 · Generated from the complete Bash block

offsets left,right,top,bottom Order of the four extensions around the data range.

graph 0.1 Extend by a fraction of the unpadded axis span.

offsets versus margins Offsets enlarge the coordinate range; margins position
the frame on the canvas.

$D << EOD

1.2 2.3

2.1 4.7

3.4 3.1

EOD

set autoscale xfix

set autoscale yfix

set xtics 1

set ytics 1

set offsets graph 0.1, graph 0.1, graph 0.15, graph 0.15

plot $D using 1:2 with linespoints pt 7 lw 3 notitle
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PLT-05-004 / AXIS RANGES AND SCALES

Let the upper x limit be automatic
Compare with PLT-01-006 · Choose the horizontal interval.

A star leaves one bound to autoscaling.

PLT-05-004 · Generated from the complete Bash block

0 Fixed lower x limit.

* An automatically chosen upper bound; for a function it
uses the active default sampling range.

set xrange [0:*]

plot sin(x)
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PLT-05-005 / AXIS RANGES AND SCALES

Reverse the horizontal direction
Compare with PLT-01-006 · Choose the horizontal interval.

An explicit descending range reverses the axis.

PLT-05-005 · Generated from the complete Bash block

[6:0] Left bound 6, right bound 0; x now increases toward the
left.

set xrange [6:0]

plot sin(x)
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PLT-05-006 / AXIS RANGES AND SCALES

Reverse the vertical direction
Compare with PLT-01-007 · Leave room above and below.

Reverse the visible y axis while retaining the same function.

PLT-05-006 · Generated from the complete Bash block

[1.5:-1.5] Lower screen edge corresponds to 1.5, upper edge to
−1.5.

set xrange [0:2*pi]

set yrange [1.5:-1.5]

plot sin(x)
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PLT-05-007 / AXIS RANGES AND SCALES

Begin with a positive function
New baseline: the commands below define this example.

Use an exponential decay as the reference for logarithmic scaling.

PLT-05-007 · Generated from the complete Bash block

exp(-x) The exponential function e raised to −x; all its values
are positive.

set xrange [0:5]

plot exp(-x)
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PLT-05-008 / AXIS RANGES AND SCALES

Use a base-10 logarithmic y axis
Compare with PLT-05-007 · Begin with a positive function.

Equal distances now represent equal ratios, making the exponential a
straight line.

PLT-05-008 · Generated from the complete Bash block

logscale y Transform the vertical axis logarithmically.

10 Logarithm base. Plotted y values must be strictly
positive.

set xrange [0:5]

set logscale y 10

plot exp(-x)
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PLT-05-009 / AXIS RANGES AND SCALES

Use a base-2 logarithmic y axis
Compare with PLT-05-007 · Begin with a positive function.

Change the logarithm base to show repeated halving naturally.

PLT-05-009 · Generated from the complete Bash block

2 Base 2; neighbouring powers differ by a factor of two.

set xrange [0:5]

set logscale y 2

plot exp(-x)
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PLT-05-010 / AXIS RANGES AND SCALES

Format logarithmic ticks as powers
Compare with PLT-05-008 · Use a base-10 logarithmic y axis.

Enhanced text puts the exponent above the baseline.

PLT-05-010 · Generated from the complete Bash block

%L The base-10 exponent used by this logarithmic tick
formatter.

^{...} Enhanced-text superscript syntax; it changes
typesetting, not the data.

set xrange [0:5]

set logscale y 10

set format y "10^{%L}"

plot exp(-x)
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PLT-05-011 / AXIS RANGES AND SCALES

Link a second axis in different units
Compare with PLT-04-003 · Halve the tick interval.

The top axis represents the same coordinate in milliseconds instead
of seconds.

PLT-05-011 · Generated from the complete Bash block

x2 The secondary, upper x axis.

via x*1000 Forward conversion from the primary axis.

inverse x/1000 Reverse conversion back to primary coordinates.

set x2tics; x2label Show the upper tick scale and label it.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set link x2 via x*1000 inverse x/1000

set x2tics

set x2label "Milliseconds"

plot sin(x)
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PLT-05-012 / AXIS RANGES AND SCALES

Plot a separate quantity on the right axis
New baseline: the commands below define this example.

An independent right axis can represent a second physical quantity.
Both curves share x positions, but their heights use different scales;
apparent crossings do not mean equal values.

PLT-05-012 · Generated from the complete Bash block

axes x1y2 Use the bottom x axis and independent right y axis.

y2range; y2tics; y2label Configure the secondary scale explicitly.

ytics nomirror Avoid copying primary ticks to the right border.

$D << EOD

0 18 70

1 21 60

2 25 48

3 23 55

4 20 65

EOD

set xlabel "Hour"

set ylabel "Temperature (°C)"

set y2label "Humidity (%)"

set ytics nomirror

set y2tics

set yrange [15:30]

set y2range [0:100]

plot $D using 1:2 axes x1y1 with linespoints \

lc rgb "#CC071E" title "Temperature", \

$D using 1:3 axes x1y2 with linespoints \

lc rgb "#00549F" title "Humidity"
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PLT-06-001 / TICK LABELS AND FORMATTING

Replace numbers with words
Compare with PLT-04-003 · Halve the tick interval.

A tick list can pair arbitrary labels with numeric positions.

PLT-06-001 · Generated from the complete Bash block

"Start" 0 Display Start at x=0.

"Middle" 3; "End" 6 Each quoted label is followed by its data position.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

plot sin(x)
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PLT-06-002 / TICK LABELS AND FORMATTING

Add one labelled tick
Compare with PLT-06-001 · Replace numbers with words.

add preserves the existing ticks and appends a new one.

PLT-06-002 · Generated from the complete Bash block

add Extend the current tick list instead of replacing it.

"Check" 2 Text and x position of the additional tick.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set xtics add ("Check" 2)

plot sin(x)
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PLT-06-003 / TICK LABELS AND FORMATTING

Rotate tick labels
Compare with PLT-06-001 · Replace numbers with words.

Rotate the text without moving the tick positions.

PLT-06-003 · Generated from the complete Bash block

rotate by Set the label rotation in degrees.

-45 Tilt clockwise by 45 degrees.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set xtics rotate by -45

plot sin(x)
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PLT-06-004 / TICK LABELS AND FORMATTING

Stand tick labels vertically
Compare with PLT-06-003 · Rotate tick labels.

Rotate the same three labels through 90 degrees. This can help when
long category names compete for horizontal space.

PLT-06-004 · Generated from the complete Bash block

rotate by 90 Rotate tick text counterclockwise by 90 degrees.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set xtics rotate by 90

plot sin(x)
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PLT-06-005 / TICK LABELS AND FORMATTING

Left-align horizontal tick labels
Compare with PLT-06-001 · Replace numbers with words.

Keep the tick positions fixed and change how their labels align with
them. Each word starts at its tick instead of being centred on it.

PLT-06-005 · Generated from the complete Bash block

left Align the left edge of each x tick label with its tick
position.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set xtics left

plot sin(x)
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PLT-06-006 / TICK LABELS AND FORMATTING

Offset tick labels
Compare with PLT-06-001 · Replace numbers with words.

Move the label text without moving the tick marks.

PLT-06-006 · Generated from the complete Bash block

offset 0,-1 Horizontal shift 0; vertical shift −1.

Default offset units Character widths horizontally and character heights
vertically; these are not data units.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set xtics offset 0,-1

plot sin(x)
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PLT-06-007 / TICK LABELS AND FORMATTING

Increase tick-label size
Compare with PLT-06-001 · Replace numbers with words.

A font string can change just the size while retaining the current font
family.

PLT-06-007 · Generated from the complete Bash block

font Choose the tick-label font.

",30" Empty family name means retain it; 30 is the nominal
font size. Its physical appearance depends on the
terminal.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set xtics font ",30"

plot sin(x)
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PLT-06-008 / TICK LABELS AND FORMATTING

Colour tick-label text
Compare with PLT-06-001 · Replace numbers with words.

Text colour is independent of the curve colour.

PLT-06-008 · Generated from the complete Bash block

textcolor Set the tick-label colour.

rgb "#00549F" An explicit red/green/blue hexadecimal colour.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set xtics textcolor rgb "#00549F"

plot sin(x)
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PLT-06-009 / TICK LABELS AND FORMATTING

Use a different tick-label font
Compare with PLT-06-008 · Colour tick-label text.

Change the x tick labels to a larger serif face while retaining their
colour. Font-family availability depends on the viewer and installed
fonts.

PLT-06-009 · Generated from the complete Bash block

font "serif,24" Request a serif font at nominal size 24 for x tick labels
only.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set xtics textcolor rgb "#00549F" font "serif,24"

plot sin(x)
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PLT-06-010 / TICK LABELS AND FORMATTING

Keep labels and hide tick strokes
Compare with PLT-06-001 · Replace numbers with words.

Zero-length tick marks leave the labels and border visible. Unlike
unsetting ticks, this retains the numeric or categorical coordinate
labels.

PLT-06-010 · Generated from the complete Bash block

scale 0 Set the length of major tick strokes to zero; default
minor length follows the major scale.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics ("Start" 0,"Middle" 3,"End" 6)

set tics scale 0

plot sin(x)

-1.5

-1

-0.5

0

0.5

1

1.5

Start Middle End

sin(x)

PLT-06-010

gnuplot / ONE CHANGE AT A TIME 102



PLT-06-011 / TICK LABELS AND FORMATTING

Print one decimal place
Compare with PLT-04-003 · Halve the tick interval.

The numeric tick positions stay the same; only their formatting
changes.

PLT-06-011 · Generated from the complete Bash block

%f Print a fixed-point decimal number.

.1 Keep one digit after the decimal point.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set format x "%.1f"

plot sin(x)
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PLT-06-012 / TICK LABELS AND FORMATTING

Format values as percentages
Compare with PLT-04-007 · Change y ticks independently.

Multiply the function by 100 and append a literal percent sign to each
y label.

PLT-06-012 · Generated from the complete Bash block

100*sin(x); [-150:150] Scale the plotted values and their visible range.

ytics 50 A major tick every 50 y units.

%.0f%% No decimal digits; %% prints one literal percent sign.

set xrange [0:6]

set xtics 1

set yrange [-150:150]

set ytics 50

set format y "%.0f%%"

plot 100*sin(x)
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PLT-06-013 / TICK LABELS AND FORMATTING

Use scientific tick notation
New baseline: the commands below define this example.

Formatting changes the printed labels, not the coordinates. Scientific
notation keeps large values compact without changing the axis to a
logarithmic scale.

PLT-06-013 · Generated from the complete Bash block

format y "%.1e" Print one decimal digit and a base-10 exponent.

yrange The axis remains linear; only its labels change.

set xrange [0:5]

set yrange [0:1000000]

set format y "%.1e"

plot 200000*x with lines lw 3 notitle
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PLT-06-014 / TICK LABELS AND FORMATTING

Use engineering prefixes on ticks
Compare with PLT-06-013 · Use scientific tick notation.

gnuplot has tick-format extensions beyond ordinary printf. Pair the
engineering mantissa with an SI prefix and a physical unit.

PLT-06-014 · Generated from the complete Bash block

%.0s Mantissa using a power of ten that is a multiple of three.

%c Replace that power with an SI prefix, such as k or M.

W Append the literal unit; format does not convert the
data.

set xrange [0:5]

set yrange [0:1000000]

set format y "%.0s %cW"

plot 200000*x with lines lw 3 notitle
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PLT-06-015 / TICK LABELS AND FORMATTING

Label an angular axis in multiples of pi
Compare with PLT-01-007 · Leave room above and below.

Explicit positions give familiar angular labels. The function still
receives radians; writing pi in a label does not convert its input.

PLT-06-015 · Generated from the complete Bash block

"π/2" pi/2 The quoted text is the label; the expression is its
numeric position.

pi Built-in constant used for tick positions and the function
domain.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xtics ("0" 0, "π/2" pi/2, "π" pi, \

"3π/2" 3*pi/2, "2π" 2*pi)

plot sin(x) with lines lw 3 notitle
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PLT-07-001 / MINOR TICKS AND GRIDS

Remove mirrored ticks
Compare with PLT-04-003 · Halve the tick interval.

Keep lower and left ticks; remove their copies on the top and right
borders.

PLT-07-001 · Generated from the complete Bash block

tics Apply to the tick axes together.

nomirror Do not repeat primary ticks on the opposite borders.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

plot sin(x)
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PLT-07-002 / MINOR TICKS AND GRIDS

Point ticks outward
Compare with PLT-07-001 · Remove mirrored ticks.

Change the direction of the marks while keeping labels in place.

PLT-07-002 · Generated from the complete Bash block

out Draw ticks outside the plot region; in selects the
opposite direction.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set tics out

plot sin(x)
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PLT-07-003 / MINOR TICKS AND GRIDS

Lengthen major ticks
Compare with PLT-07-002 · Point ticks outward.

Tick scale is a relative length, not a change to the axis scale.

PLT-07-003 · Generated from the complete Bash block

scale 2 Make major tick marks twice the normal length.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set tics out

set tics scale 2

plot sin(x)
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PLT-07-004 / MINOR TICKS AND GRIDS

Give the two axes different tick lengths
Compare with PLT-07-001 · Remove mirrored ticks.

Lengthen only the x tick marks. The y tick marks retain their default
length, making the independent axis stand out.

PLT-07-004 · Generated from the complete Bash block

xtics scale 2 Draw x major ticks at twice the default length without
changing y ticks.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set xtics scale 2

plot sin(x)
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PLT-07-005 / MINOR TICKS AND GRIDS

Add a minor tick halfway
Compare with PLT-07-001 · Remove mirrored ticks.

Minor ticks divide major intervals without adding labels.

PLT-07-005 · Generated from the complete Bash block

mxtics Configure minor x ticks.

2 Divide each major interval into two parts: one minor tick
halfway.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set mxtics 2

plot sin(x)
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PLT-07-006 / MINOR TICKS AND GRIDS

Add four minor ticks
Compare with PLT-07-005 · Add a minor tick halfway.

More subdivisions give finer visual guidance without more numbers.

PLT-07-006 · Generated from the complete Bash block

5 Divide each major interval into five parts, giving four
interior minor ticks.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set mxtics 5

plot sin(x)
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PLT-07-007 / MINOR TICKS AND GRIDS

Set major and minor lengths
Compare with PLT-07-006 · Add four minor ticks.

Two scale values distinguish the two kinds of marks.

PLT-07-007 · Generated from the complete Bash block

1.5 Major tick length multiplier.

0.5 Minor tick length multiplier; the second value is
independent of the first.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set mxtics 5

set tics scale 1.5,0.5

plot sin(x)
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PLT-07-008 / MINOR TICKS AND GRIDS

Subdivide the vertical axis
Compare with PLT-07-007 · Set major and minor lengths.

Add minor ticks on the y axis as well as the x axis. Each major y
interval is split into five equal intervals.

PLT-07-008 · Generated from the complete Bash block

mytics 5 Place four minor ticks between successive major y ticks.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set mxtics 5

set tics scale 1.5,0.5

set mytics 5

plot sin(x)
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PLT-07-009 / MINOR TICKS AND GRIDS

Show minor ticks on a logarithmic axis
Compare with PLT-05-010 · Format logarithmic ticks as powers.

Logarithmic minor ticks follow the multiplicative scale. The default
minor subdivisions for base ten mark values such as 2 through 9
within each decade.

PLT-07-009 · Generated from the complete Bash block

mytics default Use the default subdivisions appropriate to the
logarithmic axis.

grid ytics mytics Draw both major and minor horizontal grid lines.

10^{%L} Use enhanced text to display powers of the logscale
base.

set xrange [0:3]

set yrange [1:1000]

set logscale y 10

set format y "10^{%L}"

set mytics default

set grid ytics mytics

plot 10**x with lines lw 3 notitle
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PLT-07-010 / MINOR TICKS AND GRIDS

Add a major grid
Compare with PLT-07-001 · Remove mirrored ticks.

Grid lines follow the selected tick positions.

PLT-07-010 · Generated from the complete Bash block

grid Enable grid lines.

xtics ytics Draw lines through major x and major y ticks.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set grid xtics ytics

plot sin(x)

-1.5

-1

-0.5

0

0.5

1

1.5

0 1 2 3 4 5 6

sin(x)

PLT-07-010

gnuplot / ONE CHANGE AT A TIME 117



PLT-07-011 / MINOR TICKS AND GRIDS

Show a lighter minor grid
Compare with PLT-07-006 · Add four minor ticks.

The first style applies to major lines; the second applies to minor
lines.

PLT-07-011 · Generated from the complete Bash block

mxtics Also draw through minor x tick positions.

linewidth 1; 0.5 Relative widths for the major and minor grid lines.

linecolor rgb Explicit colours; the comma separates the two grid
styles.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set mxtics 5

set grid xtics mxtics \

linewidth 1 linecolor rgb "#9C9E9F", \

linewidth 0.5 linecolor rgb "#CFD1D2"

plot sin(x)
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PLT-07-012 / MINOR TICKS AND GRIDS

Use dashed grid lines
Compare with PLT-07-010 · Add a major grid.

Keep the same grid positions but replace solid grid strokes with a
dash pattern.

PLT-07-012 · Generated from the complete Bash block

dashtype 2 Select dash pattern 2 for the grid; patterns depend on
the terminal.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set grid xtics ytics dashtype 2

plot sin(x)
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PLT-07-013 / MINOR TICKS AND GRIDS

Keep only horizontal grid lines
Compare with PLT-07-010 · Add a major grid.

Remove the vertical grid lines so that horizontal guides alone support
comparisons of y values.

PLT-07-013 · Generated from the complete Bash block

noxtics Exclude x tick positions from the grid.

ytics Draw horizontal grid lines at major y tick positions.

set yrange [-1.5:1.5]

set xrange [0:6]

set xtics 1

set tics nomirror

set grid noxtics ytics

plot sin(x)
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PLT-07-014 / MINOR TICKS AND GRIDS

Draw the grid at the back
New baseline: the commands below define this example.

An opaque fill makes drawing order visible. Grid lines at the back are
covered by the fill; moving the grid to the front draws them over it.

PLT-07-014 · Generated from the complete Bash block

grid back Choose whether the grid is drawn behind or over the
plotted data.

fs solid 1.0 Use an opaque fill so that the layer change is easy to
see.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set grid xtics ytics back lc rgb "#646567" lw 2

plot sin(x) with filledcurves y1=-1.5 \

fc rgb "#8EBAE5" fs solid 1.0 notitle
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PLT-07-015 / MINOR TICKS AND GRIDS

Draw the grid at the front
Compare with PLT-07-014 · Draw the grid at the back.

An opaque fill makes drawing order visible. Grid lines at the back are
covered by the fill; moving the grid to the front draws them over it.

PLT-07-015 · Generated from the complete Bash block

grid front Choose whether the grid is drawn behind or over the
plotted data.

fs solid 1.0 Use an opaque fill so that the layer change is easy to
see.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set grid xtics ytics front lc rgb "#646567" lw 2

plot sin(x) with filledcurves y1=-1.5 \

fc rgb "#8EBAE5" fs solid 1.0 notitle
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PLT-08-001 / AXIS LABELS AND TITLES

Name the x axis
Compare with PLT-01-007 · Leave room above and below.

Axis labels describe the plotted quantity and its unit.

PLT-08-001 · Generated from the complete Bash block

xlabel Text label for the primary x axis.

"Angle / rad" Literal label text; the slash is part of the text, not
division.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle / rad"

plot sin(x)
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PLT-08-002 / AXIS LABELS AND TITLES

Name the y axis
Compare with PLT-08-001 · Name the x axis.

Add a label to the left-hand scale.

PLT-08-002 · Generated from the complete Bash block

ylabel Text label for the primary y axis.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle / rad"

set ylabel "Amplitude"

plot sin(x)
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PLT-08-003 / AXIS LABELS AND TITLES

Move the x label downward
Compare with PLT-08-002 · Name the y axis.

A negative vertical offset increases the distance below the axis.

PLT-08-003 · Generated from the complete Bash block

offset 0,-1 Shift zero character widths horizontally and one
character height downward.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set ylabel "Amplitude"

set xlabel "Angle / rad" offset 0,-1

plot sin(x)
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PLT-08-004 / AXIS LABELS AND TITLES

Make the y label horizontal
Compare with PLT-08-002 · Name the y axis.

Some short y labels read better horizontally. The left margin may
need more room.

PLT-08-004 · Generated from the complete Bash block

norotate Render the y-axis label horizontally.

lmargin 15 Reserve a left margin of 15 character widths.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle / rad"

set ylabel "Amplitude" norotate

set lmargin 15

plot sin(x)
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PLT-08-005 / AXIS LABELS AND TITLES

Use subscripts and superscripts
Compare with PLT-08-002 · Name the y axis.

Enhanced text supports compact mathematical notation in labels.

PLT-08-005 · Generated from the complete Bash block

_0 Render 0 as a subscript.

^{2} Render 2 as a superscript. Braces group the superscript
content.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle / rad"

set ylabel "A_0 / A^{2}"

plot sin(x)
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PLT-08-006 / AXIS LABELS AND TITLES

Add a figure title
Compare with PLT-08-002 · Name the y axis.

A plot title sits above the plotting region and is separate from curve
titles in the legend.

PLT-08-006 · Generated from the complete Bash block

set title Set the overall plot title; plot ... title names a curve
instead.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle / rad"

set ylabel "Amplitude"

set title "One period of a sine wave"

plot sin(x)
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PLT-08-007 / AXIS LABELS AND TITLES

Increase the title font
Compare with PLT-08-006 · Add a figure title.

Change only the title typography.

PLT-08-007 · Generated from the complete Bash block

font ",30" Retain the font family and set the title’s nominal size to
30.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle / rad"

set ylabel "Amplitude"

set title "One period of a sine wave" font ",30"

plot sin(x)
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PLT-08-008 / AXIS LABELS AND TITLES

Write a two-line title
Compare with PLT-08-006 · Add a figure title.

A double-quoted string interprets the newline escape.

PLT-08-008 · Generated from the complete Bash block

\n A newline escape inside the double-quoted gnuplot
string.

Two title lines The automatic top margin expands to accommodate
them.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle / rad"

set ylabel "Amplitude"

set title "Sine wave\nOne complete period"

plot sin(x)
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PLT-09-001 / LINE, POINT AND FILL STYLES

Increase line width
Compare with PLT-01-006 · Choose the horizontal interval.

A larger line width makes the same curve more prominent.

PLT-09-001 · Generated from the complete Bash block

linewidth 4 Set the relative line width to 4; terminal rendering
determines the physical width.

set xrange [0:2*pi]

plot sin(x) linewidth 4
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PLT-09-002 / LINE, POINT AND FILL STYLES

Choose an explicit line colour
Compare with PLT-09-001 · Increase line width.

The explicit RWTH blue hexadecimal value replaces the default colour.
No style file is needed for this colour choice.

PLT-09-002 · Generated from the complete Bash block

linecolor Set this curve’s colour.

rgb "#00549F" RWTH blue as six hexadecimal digits: two digits per RGB
channel.

set xrange [0:2*pi]

plot sin(x) linewidth 4 linecolor rgb "#00549F"
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PLT-09-003 / LINE, POINT AND FILL STYLES

Use a dashed line
Compare with PLT-09-002 · Choose an explicit line colour.

Dash patterns distinguish curves without relying on colour.

PLT-09-003 · Generated from the complete Bash block

dashtype 2 Select predefined dash pattern 2; 1 is solid.

set xrange [0:2*pi]

plot sin(x) linewidth 4 linecolor rgb "#00549F" dashtype 2
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PLT-09-004 / LINE, POINT AND FILL STYLES

Plot sampled points
Compare with PLT-01-006 · Choose the horizontal interval.

The function is still analytic, but its samples are displayed as points.

PLT-09-004 · Generated from the complete Bash block

samples 17 Sample the expression at 17 x positions.

with points Draw symbols rather than connecting line segments.

set xrange [0:2*pi]

set samples 17

plot sin(x) with points
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PLT-09-005 / LINE, POINT AND FILL STYLES

Choose the point symbol
Compare with PLT-09-004 · Plot sampled points.

Point type numbers select terminal-supported symbols.

PLT-09-005 · Generated from the complete Bash block

pointtype 7 Select symbol 7, a filled circle in the SVG terminal used
here.

set xrange [0:2*pi]

set samples 17

plot sin(x) with points pointtype 7
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PLT-09-006 / LINE, POINT AND FILL STYLES

Increase point size
Compare with PLT-09-005 · Choose the point symbol.

Scale the symbol size without changing point positions.

PLT-09-006 · Generated from the complete Bash block

pointsize 2 Draw symbols at twice the default point-size scale.

set xrange [0:2*pi]

set samples 17

plot sin(x) with points pointtype 7 pointsize 2
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PLT-09-007 / LINE, POINT AND FILL STYLES

Connect the points
Compare with PLT-09-006 · Increase point size.

linespoints combines a connecting line with the selected symbols.

PLT-09-007 · Generated from the complete Bash block

with linespoints Draw both line segments and point symbols.

set xrange [0:2*pi]

set samples 17

plot sin(x) with linespoints pointtype 7 pointsize 2
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PLT-09-008 / LINE, POINT AND FILL STYLES

Show a symbol at every tenth sample
Compare with PLT-09-007 · Connect the points.

Dense line samples make smooth curves, but drawing a marker at
every sample creates clutter. Pointinterval changes marker frequency
while retaining every line segment.

PLT-09-008 · Generated from the complete Bash block

pi 10 Draw a symbol at every tenth sample; short for
pointinterval.

samples 121 Keep all 121 samples for the connected line.

pi -10 Also blank a background patch under each selected
symbol, on supporting terminals.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set samples 121

plot sin(x) with linespoints pt 7 pi 10 lw 2 \

title "Every tenth point"
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PLT-09-009 / LINE, POINT AND FILL STYLES

Limit the total number of point symbols
Compare with PLT-09-008 · Show a symbol at every tenth sample.

Pointnumber expresses a desired upper limit on markers rather than
a fixed sample interval. The line still uses all sampled points.

PLT-09-009 · Generated from the complete Bash block

pn 8 Limit the number of markers to eight; short for
pointnumber.

pi versus pn Pointinterval sets spacing in samples; pointnumber sets
a total limit.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set samples 121

plot sin(x) with linespoints pt 7 pn 8 lw 2 \

title "At most eight symbols"
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PLT-09-010 / LINE, POINT AND FILL STYLES

Fill down to zero
Compare with PLT-01-006 · Choose the horizontal interval.

filledcurves can close the curve against an axis-parallel reference
line.

PLT-09-010 · Generated from the complete Bash block

filledcurves Fill a closed area.

y1=0 Close it against y=0 on the primary y axis.

set xrange [0:2*pi]

plot sin(x) with filledcurves y1=0

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 1 2 3 4 5 6

sin(x)

PLT-09-010

gnuplot / ONE CHANGE AT A TIME 140



PLT-09-011 / LINE, POINT AND FILL STYLES

Make the fill translucent
Compare with PLT-09-010 · Fill down to zero.

Transparency lets other graphical elements remain visible through
the area.

PLT-09-011 · Generated from the complete Bash block

style fill Default fill settings for filled plot styles.

transparent solid 0.3 Use a solid fill with opacity 0.3; 0 is transparent, 1 is
opaque.

noborder Do not draw an extra outline around the filled area.

set xrange [0:2*pi]

set style fill transparent solid 0.3 noborder

plot sin(x) with filledcurves y1=0
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PLT-09-012 / LINE, POINT AND FILL STYLES

Fill between two curves
Compare with PLT-09-011 · Make the fill translucent.

The same idea can shade a corridor between explicit lower and upper
values.

PLT-09-012 · Generated from the complete Bash block

"+" A special data source that supplies sampled x positions.

using 1:...:... Map x, lower bound and upper bound to the fill.

$1 Value in the first supplied column.

−0.2; +0.2 The lower and upper offsets around sine.

set xrange [0:2*pi]

set style fill transparent solid 0.3 noborder

plot "+" using 1:(sin($1)-0.2):(sin($1)+0.2) \

with filledcurves title "Band"
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PLT-09-013 / LINE, POINT AND FILL STYLES

Set different defaults for data and functions
New baseline: the commands below define this example.

The default plot style can be set independently for data and analytic
functions. Explicit with clauses on individual elements take
precedence.

PLT-09-013 · Generated from the complete Bash block

style data points Choose points when a data plot omits its with clause.

style function lines Choose lines when an analytic function omits its with
clause.

with ... Overrides the default for that plot element.

$D << EOD

0 0.1

1 0.9

2 0.8

3 0.2

4 -0.7

5 -0.9

6 -0.3

EOD

set xrange [0:2*pi]

set style data points

set style function lines

plot $D using 1:2 pt 7 ps 1.5 title "Measurements", \

sin(x) lw 3 title "Function"
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PLT-09-014 / LINE, POINT AND FILL STYLES

Quick reference: line types
New baseline: the commands below define this example.

Compare the first eight default line types in one plot. A line type
selects a reusable style, including colour; it is not the dash-pattern
number. These swatches show the defaults of this fresh gnuplot
process. Defaults can be redefined, and rendering depends on the
terminal.

PLT-09-014 · Generated from the complete Bash block

for [i=1:8] Repeat the plot element for each style number; y=i
places each sample on its own row.

linetype i (lt i) Select line style i, including its default colour and other
stored properties.

sprintf("lt %d",i) Label each row with the exact style number.

linewidth 3 Hold stroke width constant so the line types are easy to
compare.

unset key

unset border

unset xtics

set ytics nomirror scale 0

set xrange [0:1]

set lmargin 14

set rmargin 3

set yrange [8.7:0.3]

set ytics ()

set for [i=1:8] ytics add (sprintf("lt %d",i) i)

plot for [i=1:8] i with lines linetype i linewidth 3

lt 1

lt 2

lt 3

lt 4

lt 5

lt 6

lt 7

lt 8
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PLT-09-015 / LINE, POINT AND FILL STYLES

Quick reference: line widths
New baseline: the commands below define this example.

Compare six stroke widths at the same colour and dash pattern.
Widths are relative multipliers, not a promise of an exact printed
thickness.

PLT-09-015 · Generated from the complete Bash block

array W[6] Store the six widths in a one-based array.

linewidth W[i] (lw W[i]) Use the current array value as the stroke-width
multiplier.

%g Format each label without unnecessary trailing zeroes.

unset key

unset border

unset xtics

set ytics nomirror scale 0

set xrange [0:1]

set lmargin 14

set rmargin 3

array W[6] = [0.5,1,2,3,5,8]

set yrange [6.7:0.3]

set ytics ()

set for [i=1:6] ytics add (sprintf("lw %g",W[i]) i)

plot for [i=1:6] i with lines linewidth W[i] \

linecolor rgb "#00549F"

lw 0.5

lw 1

lw 2

lw 3

lw 5

lw 8
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PLT-09-016 / LINE, POINT AND FILL STYLES

Quick reference: dash patterns
New baseline: the commands below define this example.

Compare five numbered dash patterns and two custom definitions
while keeping colour and width fixed. Dash patterns are independent
of line types. The numbered patterns shown here are those of the
SVG terminal.

PLT-09-016 · Generated from the complete Bash block

dashtype i (dt i) Select a dash pattern independently of the line colour;
type 1 is solid here.

set dashtype 6 ".. " Define pattern 6 from two dots and an extra space.

(8,3,2,3) Alternate stroke and gap lengths: long stroke, gap, short
stroke, gap.

linecolor rgb (lc rgb) Use the same blue for every sample.

unset key

unset border

unset xtics

set ytics nomirror scale 0

set xrange [0:1]

set lmargin 14

set rmargin 3

set yrange [7.7:0.3]

set ytics ()

set for [i=1:5] ytics add (sprintf("dt %d",i) i)

set ytics add ('dt ".. "' 6, 'dt (8,3,2,3)' 7)

set dashtype 6 ".. "

set dashtype 7 (8,3,2,3)

plot for [i=1:7] i with lines dashtype i \

linewidth 3 linecolor rgb "#00549F"

dt 1

dt 2

dt 3

dt 4

dt 5

dt ".. "

dt (8,3,2,3)
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PLT-09-017 / LINE, POINT AND FILL STYLES

Quick reference: point symbols
New baseline: the commands below define this example.

Choose a point symbol from this labelled contact sheet. Every symbol
uses the same colour and size. Symbol shapes and the available
range can vary by terminal; these are SVG point types 0 through 14.

PLT-09-017 · Generated from the complete Bash block

pointtype i (pt i) Select the symbol by its integer number; type 0 is a
small dot.

pointsize 2 (ps 2) Use the same relative marker size for every symbol.

i%5; int(i/5) Arrange the symbols in five columns and three rows.

$P; using (...) Reuse one inline data row and calculate each symbol
position.

unset key

unset border

unset tics

set xrange [0:6]

set yrange [0:4]

$P << EOD

0 0

EOD

set for [i=0:14] label i+1 sprintf("pt %d",i) \

at 1+i%5,3-int(i/5) center offset 0,-1.5

plot for [i=0:14] $P using (1+i%5):(3-int(i/5)) \

with points pointtype i pointsize 2 \

linecolor rgb "#00549F"

pt 0 pt 1 pt 2 pt 3 pt 4

pt 5 pt 6 pt 7 pt 8 pt 9

pt 10 pt 11 pt 12 pt 13 pt 14
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PLT-09-018 / LINE, POINT AND FILL STYLES

Quick reference: point sizes
New baseline: the commands below define this example.

Compare six sizes of the same filled-circle marker. Point size is a
relative multiplier, not a data-space radius. Its visual size depends on
the terminal.

PLT-09-018 · Generated from the complete Bash block

pointtype 7 Use the filled-circle symbol of the SVG terminal.

pointsize S[i] (ps S[i]) Select each relative size from the array; positions and
colour stay fixed.

set xtics add Put a size label below each sample without drawing tick
strokes.

unset key

unset border

unset ytics

set xtics nomirror scale 0

set xrange [0:7]

set yrange [0:2]

set bmargin 5

array S[6] = [0.5,1,1.5,2,3,4]

set xtics ()

set for [i=1:6] xtics add (sprintf("ps %g",S[i]) i)

$P << EOD

0 0

EOD

plot for [i=1:6] $P using (i):(1) \

with points pointtype 7 pointsize S[i] \

linecolor rgb "#00549F"

ps 0.5 ps 1 ps 1.5 ps 2 ps 3 ps 4
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PLT-09-019 / LINE, POINT AND FILL STYLES

Quick reference: fill patterns
New baseline: the commands below define this example.

Compare eight numbered hatch fills in a compact two-row sheet.
These rectangles use the same fillstyle syntax as filled plot elements
such as boxes. Available patterns depend on the terminal and may
repeat beyond its pattern set.

PLT-09-019 · Generated from the complete Bash block

fillstyle pattern i (fs pattern
i)

Fill each rectangle with terminal pattern i.

fillcolor rgb (fc rgb) Choose the colour used to draw the pattern.

border linecolor rgb Outline each rectangle so even an empty pattern
remains visible.

plot NaN Draw the configured objects and labels without a data
curve; both ranges are explicit.

unset key

unset border

unset tics

set xrange [0:8]

set yrange [0:4]

x(i) = 0.35 + 2*(i%4)

y(i) = 2.35 - 2*int(i/4)

set for [i=0:7] object i+1 rectangle \

from x(i),y(i) to x(i)+1.3,y(i)+1.1 \

fillcolor rgb "#00549F" fillstyle pattern i \

border linecolor rgb "#00549F"

set for [i=0:7] label i+1 sprintf("pattern %d",i) \

at x(i)+0.65,y(i)-0.2 center

plot NaN notitle

pattern 0 pattern 1 pattern 2 pattern 3

pattern 4 pattern 5 pattern 6 pattern 7
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PLT-09-020 / LINE, POINT AND FILL STYLES

Quick reference: lines, steps and impulses
New baseline: the commands below define this example.

The same observations produce different connecting conventions.
Vertical impulses emphasize the individual values rather than
implying a continuous path.

PLT-09-020 · Generated from the complete Bash block

steps Hold the previous value until reaching the next x
position.

fsteps Change to the next value at the previous x position.

impulses Draw a vertical stroke from y=0 to each observation.

linespoints Connect adjacent observations with straight segments.

$D << EOD

0 1

1 3

2 2

3 4

4 1

EOD

set multiplot layout 2,2

unset key

set xrange [-0.3:4.3]

set yrange [0:4.5]

set title "lines"

plot $D with linespoints pt 7 lw 2

set title "steps"

plot $D with steps lw 2, $D with points pt 7

set title "fsteps"

plot $D with fsteps lw 2, $D with points pt 7

set title "impulses"

plot $D with impulses lw 3, $D with points pt 7

unset multiplot
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PLT-10-001 / LEGEND POSITION AND LAYOUT

Move the legend to the lower left
Compare with PLT-01-004 · Name the curves.

Set horizontal and vertical placement explicitly.

PLT-10-001 · Generated from the complete Bash block

key The legend.

left bottom Horizontal and vertical anchors inside the plot.

set key left bottom

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-002 / LEGEND POSITION AND LAYOUT

Move the legend to the upper left
Compare with PLT-10-001 · Move the legend to the lower left.

Only the vertical anchor changes.

PLT-10-002 · Generated from the complete Bash block

top Use the top edge instead of the bottom edge.

set key left top

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-003 / LEGEND POSITION AND LAYOUT

Move the legend outside
Compare with PLT-10-002 · Move the legend to the upper left.

Placing a legend outside can free the data region, but consumes
canvas space.

PLT-10-003 · Generated from the complete Bash block

outside Place the legend outside the plot borders.

right top Use the right-hand side and align it to the top.

set key outside right top

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-004 / LEGEND POSITION AND LAYOUT

Place a horizontal legend below
Compare with PLT-01-004 · Name the curves.

Horizontal arrangement uses columns instead of a vertical stack.

PLT-10-004 · Generated from the complete Bash block

outside bottom center Centre the legend below the plot.

horizontal Arrange entries across a row when space allows.

set key outside bottom center horizontal

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-005 / LEGEND POSITION AND LAYOUT

Draw a legend box
Compare with PLT-10-001 · Move the legend to the lower left.

A border helps separate a legend from surrounding data.

PLT-10-005 · Generated from the complete Bash block

box Draw a box around the existing legend position.

set key left bottom

set key box

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-006 / LEGEND POSITION AND LAYOUT

Give the legend an opaque background
Compare with PLT-10-005 · Draw a legend box.

The legend now covers lines behind it. Compare the line passing
through its area.

PLT-10-006 · Generated from the complete Bash block

opaque Fill behind the legend with the background colour.

set key left bottom

set key box

set key opaque

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-007 / LEGEND POSITION AND LAYOUT

Give the legend a title
Compare with PLT-10-005 · Draw a legend box.

A legend title describes the collection of entries. It is separate from
the figure title and from the titles of individual curves.

PLT-10-007 · Generated from the complete Bash block

key title Heading inside the legend.

plot ... title Label for one curve in that legend.

box Draw a frame around the legend and its title.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set key top right title "Trigonometric functions" box

plot sin(x) title "Sine", cos(x) title "Cosine"
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PLT-10-008 / LEGEND POSITION AND LAYOUT

Anchor the legend with graph coordinates
Compare with PLT-10-007 · Give the legend a title.

Explicit placement is useful when the named corner positions are too
coarse. Graph coordinates track the plot region as its margins
change.

PLT-10-008 · Generated from the complete Bash block

at graph 0.03,0.95 Place the legend anchor near the upper-left of the plot
region.

left top Align the legend rectangle relative to that anchor.

opaque Cover plotted data underneath the legend.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set key at graph 0.03,0.95 left top opaque box

plot sin(x) title "Sine", cos(x) title "Cosine"
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PLT-10-009 / LEGEND POSITION AND LAYOUT

Enlarge legend text
Compare with PLT-10-002 · Move the legend to the upper left.

Legend text has its own font setting.

PLT-10-009 · Generated from the complete Bash block

font ",28" Keep the family; use nominal size 28 for legend text.

set key left top

set key font ",28"

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-010 / LEGEND POSITION AND LAYOUT

Lengthen legend samples
Compare with PLT-10-002 · Move the legend to the upper left.

The sample strokes can be adjusted independently of the text.

PLT-10-010 · Generated from the complete Bash block

samplen 7 Sample length, approximately in character widths; the
default is shorter.

set key left top

set key samplen 7

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-011 / LEGEND POSITION AND LAYOUT

Increase spacing between entries
Compare with PLT-10-002 · Move the legend to the upper left.

More vertical spacing separates the legend rows.

PLT-10-011 · Generated from the complete Bash block

spacing 1.8 Multiply the normal row spacing by 1.8.

set key left top

set key spacing 1.8

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-012 / LEGEND POSITION AND LAYOUT

Arrange the legend in two columns
New baseline: the commands below define this example.

A horizontal legend fills across its rows. Limit the column count to
keep several entries compact below the plot.

PLT-10-012 · Generated from the complete Bash block

horizontal maxcols 2 Lay out entries horizontally using at most two columns.

outside below Reserve legend space below the plot.

maxrows The complementary limit for the number of rows.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set key outside below horizontal maxcols 2

plot for [i=1:4] 0.2*i*sin(x) \

title sprintf("Amplitude %.1f",0.2*i) lw 2
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PLT-10-013 / LEGEND POSITION AND LAYOUT

Reverse legend entry order
Compare with PLT-10-002 · Move the legend to the upper left.

Legend order can change without changing which curve is drawn
first.

PLT-10-013 · Generated from the complete Bash block

invert Reverse the vertical order of entries; it does not reverse
x or the data.

set key left top

set key invert

plot sin(x) title 'Sine', cos(x) title 'Cosine'
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PLT-10-014 / LEGEND POSITION AND LAYOUT

Reverse sample placement without reordering entries
Compare with PLT-10-005 · Draw a legend box.

Reverse exchanges the text and sample positions within each legend
entry. Invert changes the order of the entries, as shown in
PLT-10-013.

PLT-10-014 · Generated from the complete Bash block

reverse Put the sample on the opposite side of each label.

Left Left-align the legend text; capitalization matters here.

invert A separate option that reverses the order of the entries.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set key top right reverse Left box

plot sin(x) title "Sine", cos(x) title "Cosine"
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PLT-11-001 / BORDERS AND REFERENCE LINES

Keep only left and bottom borders
Compare with PLT-01-007 · Leave room above and below.

The border value is a sum of side flags. Matching tick settings
prevent marks on missing sides.

PLT-11-001 · Generated from the complete Bash block

border 3 1 (bottom) + 2 (left). In 2D, 4 is top and 8 is right.

tics nomirror Remove tick copies on the omitted sides.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set border 3

set tics nomirror

plot sin(x)
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PLT-11-002 / BORDERS AND REFERENCE LINES

Restore all four borders
Compare with PLT-11-001 · Keep only left and bottom borders.

Change only the border bit mask.

PLT-11-002 · Generated from the complete Bash block

15 1 + 2 + 4 + 8: draw all four sides. Tick mirroring
remains disabled.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set tics nomirror

set border 15

plot sin(x)
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PLT-11-003 / BORDERS AND REFERENCE LINES

Keep just the bottom border
Compare with PLT-11-001 · Keep only left and bottom borders.

The border mask selects individual sides independently. Keeping just
the bottom side creates an open frame; the existing y ticks remain.

PLT-11-003 · Generated from the complete Bash block

border 1 Draw the bottom side only. In 2D, bottom=1, left=2,
top=4 and right=8; add values to combine sides.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set border 1

set tics nomirror

plot sin(x)
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PLT-11-004 / BORDERS AND REFERENCE LINES

Put the frame and ticks at the top and right
Compare with PLT-11-001 · Keep only left and bottom borders.

Move the coordinate frame to the opposite sides. Match the
secondary ranges to the primary axes so that the new labels describe
the same curve.

PLT-11-004 · Generated from the complete Bash block

border 12 Draw top (4) and right (8) borders.

x2range; y2range Match the secondary axes to the primary x and y
ranges.

x2tics; y2tics Show ticks on top and right; disable primary ticks to
remove bottom and left labels.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set border 12

unset xtics

unset ytics

set x2range [0:2*pi]

set y2range [-1.5:1.5]

set x2tics nomirror

set y2tics nomirror

plot sin(x)
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PLT-11-005 / BORDERS AND REFERENCE LINES

Thicken the remaining borders
Compare with PLT-11-001 · Keep only left and bottom borders.

The border has an independent line style.

PLT-11-005 · Generated from the complete Bash block

linewidth 3 Relative width of the chosen border sides.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set tics nomirror

set border 3 linewidth 3

plot sin(x)
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PLT-11-006 / BORDERS AND REFERENCE LINES

Colour the border and tick strokes
Compare with PLT-11-005 · Thicken the remaining borders.

Apply a blue line colour to the left and bottom frame. Tick strokes
inherit the border style; tick-label text can be styled separately.

PLT-11-006 · Generated from the complete Bash block

linecolor rgb "#00549F" Use an explicit blue RGB colour for the border line style.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set tics nomirror

set border 3 linewidth 3 linecolor rgb "#00549F"

plot sin(x)
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PLT-11-007 / BORDERS AND REFERENCE LINES

Use a dashed border
Compare with PLT-11-006 · Colour the border and tick strokes.

Give the existing blue border a dashed stroke while preserving its
width and selected sides.

PLT-11-007 · Generated from the complete Bash block

dashtype 2 Use dash pattern 2 for the border line style.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set tics nomirror

set border 3 linewidth 3 linecolor rgb "#00549F" dashtype 2

plot sin(x)
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PLT-11-008 / BORDERS AND REFERENCE LINES

Shorten borders to the data extent
Compare with PLT-11-001 · Keep only left and bottom borders.

Limit ticks and borders to the values present in the plotted data. The
sine curve only reaches -1 to 1, so the left border becomes shorter
even though the y range remains -1.5 to 1.5.

PLT-11-008 · Generated from the complete Bash block

rangelimited Limit automatic ticks and their border to plotted data
values; apply separately to x and y ticks.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set border 3

set xtics rangelimited

set ytics rangelimited

set tics nomirror

plot sin(x)
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PLT-11-009 / BORDERS AND REFERENCE LINES

Draw the zero axes
Compare with PLT-01-007 · Leave room above and below.

Reference axes through zero can be useful even when ticks stay on
the border.

PLT-11-009 · Generated from the complete Bash block

zeroaxis Draw the axes at zero where they fall within the ranges.

linewidth 2 Relative width of those reference axes.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set zeroaxis linewidth 2

plot sin(x)
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PLT-11-010 / BORDERS AND REFERENCE LINES

Put ticks on the zero axes
Compare with PLT-11-009 · Draw the zero axes.

Tick position can move from the frame to the axes themselves.

PLT-11-010 · Generated from the complete Bash block

axis Place ticks and labels on the zero axis when it lies in
range.

nomirror Do not repeat them on the opposite frame.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set zeroaxis linewidth 2

set xtics axis nomirror

set ytics axis nomirror

plot sin(x)
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PLT-11-011 / BORDERS AND REFERENCE LINES

Remove the outer frame
Compare with PLT-11-010 · Put ticks on the zero axes.

The zero axes and their ticks remain as the coordinate reference.

PLT-11-011 · Generated from the complete Bash block

unset border Suppress the surrounding frame, without removing the
zero axes.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set zeroaxis linewidth 2

set xtics axis nomirror

set ytics axis nomirror

unset border

plot sin(x)
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PLT-11-012 / BORDERS AND REFERENCE LINES

Style the horizontal zero reference
Compare with PLT-11-001 · Keep only left and bottom borders.

Add a dashed orange reference at y=0 without changing the frame.
The x zero axis is the horizontal line through zero on the y scale.

PLT-11-012 · Generated from the complete Bash block

xzeroaxis Draw the horizontal reference line at y=0.

linewidth 2; dashtype 2 Use a thicker dashed reference stroke.

linecolor rgb "#F6A800" Select orange for the reference line.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set border 3

set tics nomirror

set xzeroaxis linewidth 2 dashtype 2 linecolor rgb "#F6A800"

plot sin(x)
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PLT-12-001 / LABELS, ARROWS AND SHADED REGIONS

Compare five coordinate systems
New baseline: the commands below define this example.

First and second refer to axis values. Graph follows the plot
rectangle; screen follows the whole canvas. Character positions use
nominal character width and height from the canvas origin.

PLT-12-001 · Generated from the complete Bash block

first Primary data-axis coordinates; the default.

second Secondary-axis coordinates; this label mixes first x and
second y.

graph Fractions of the plot rectangle: bottom-left (0,0), top-
right (1,1).

screen Fractions of the complete canvas, including margins.

character Positions measured in nominal character widths and
heights.

set xrange [0:10]

set yrange [0:10]

set y2range [0:100]

set ytics nomirror

set y2tics

set lmargin at screen 0.20

set rmargin at screen 0.85

set bmargin at screen 0.20

set tmargin at screen 0.85

set label 1 "first (5,7)" at first 5,7 point pt 7

set label 2 "second (5,30)" at first 5,second 30 point pt 7

set label 3 "graph (0.1,0.8)" at graph 0.1,0.8 point pt 7

set label 4 "screen (0.45,0.10)" at screen 0.45,0.10 point pt 7

set label 5 "character (2,2)" at character 2,2 point pt 7

plot x/2 with lines lw 2 notitle
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PLT-12-002 / LABELS, ARROWS AND SHADED REGIONS

Change ranges while retaining annotation anchors
Compare with PLT-12-001 · Compare five coordinate systems.

Doubling the x range moves data-anchored labels left. Graph and
screen positions stay fixed here because the explicit frame placement
is unchanged. Font changes would also affect character positions.

PLT-12-002 · Generated from the complete Bash block

xrange [0:20] Change the mapping from data x values to the plot
rectangle.

graph; screen Their fixed fractional anchors do not depend on data
ranges.

explicit screen margins Keep the rectangle fixed for this comparison.

set xrange [0:20]

set yrange [0:10]

set y2range [0:100]

set ytics nomirror

set y2tics

set lmargin at screen 0.20

set rmargin at screen 0.85

set bmargin at screen 0.20

set tmargin at screen 0.85

set label 1 "first (5,7)" at first 5,7 point pt 7

set label 2 "second (5,30)" at first 5,second 30 point pt 7

set label 3 "graph (0.1,0.8)" at graph 0.1,0.8 point pt 7

set label 4 "screen (0.45,0.10)" at screen 0.45,0.10 point pt 7

set label 5 "character (2,2)" at character 2,2 point pt 7

plot x/2 with lines lw 2 notitle
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PLT-12-003 / LABELS, ARROWS AND SHADED REGIONS

Place text at a data point
Compare with PLT-01-007 · Leave room above and below.

A label can use the same coordinate system as the curve.

PLT-12-003 · Generated from the complete Bash block

label 1 Create or update label number 1.

at first Use primary-axis data coordinates.

pi/2,1 The x and y position of the anchor.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set label 1 "Peak" at first pi/2,1

plot sin(x)
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PLT-12-004 / LABELS, ARROWS AND SHADED REGIONS

Offset a label from its point
Compare with PLT-12-003 · Place text at a data point.

Keep its data anchor, but move the text slightly for legibility.

PLT-12-004 · Generated from the complete Bash block

offset 0,1 Move the text one character height upward; keep the
data anchor fixed.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set label 1 "Peak" at first pi/2,1 offset 0,1

plot sin(x)
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PLT-12-005 / LABELS, ARROWS AND SHADED REGIONS

Anchor text to the plot region
Compare with PLT-01-007 · Leave room above and below.

Graph coordinates keep a note in a fixed relative position when
ranges change.

PLT-12-005 · Generated from the complete Bash block

graph Normalised plot-region coordinates: (0,0) is bottom-left,
(1,1) is top-right.

0.03,0.92 3% across and 92% up the plot region.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set label 1 "Top left" at graph 0.03,0.92

plot sin(x)
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PLT-12-006 / LABELS, ARROWS AND SHADED REGIONS

Centre text on its anchor
Compare with PLT-12-005 · Anchor text to the plot region.

Alignment determines which part of the text sits at the chosen point.

PLT-12-006 · Generated from the complete Bash block

0.5,0.92 Horizontal centre of the plot, near its top.

center Centre the text on that anchor.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set label 1 "Centred" at graph 0.5,0.92 center

plot sin(x)
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PLT-12-007 / LABELS, ARROWS AND SHADED REGIONS

Give a label an opaque text box
Compare with PLT-12-006 · Centre text on its anchor.

A text box makes an annotation readable where curves pass behind
it. Its fill, border and padding are configured separately from the
label text.

PLT-12-007 · Generated from the complete Bash block

style textbox Set the appearance of boxed text.

boxed front Use that box and draw the label over the curve.

margins 1,0.5 Horizontal and vertical padding in character units.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set style textbox opaque fc rgb "white" \

border lc rgb "#646567" margins 1,0.5

set label 1 "Peak" at pi/2,1 center boxed front

plot sin(x) with lines lw 5 notitle
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PLT-12-008 / LABELS, ARROWS AND SHADED REGIONS

Rotate an annotation along a trend
New baseline: the commands below define this example.

Label rotation is a display angle in degrees. It is not computed from
the numeric slope, because changing the plot aspect ratio changes
the visible slope.

PLT-12-008 · Generated from the complete Bash block

rotate by 45 Rotate the displayed text by 45 degrees.

ratio 1 Make the plot region square so equal x/y ranges have
equal physical units.

set xrange [0:5]

set yrange [0:5]

set size ratio 1

set label 1 "Increasing trend" at 2,2.4 \

rotate by 45 textcolor rgb "#00549F"

plot x with lines lw 3 notitle
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PLT-12-009 / LABELS, ARROWS AND SHADED REGIONS

Draw an arrow between points
Compare with PLT-01-007 · Leave room above and below.

Arrows can connect two data coordinates.

PLT-12-009 · Generated from the complete Bash block

arrow 1 Create or update arrow number 1.

from 3,1.2; to pi/2,1 Start and end, in primary data coordinates by default.

head filled Put a filled arrowhead at the endpoint.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set arrow 1 from 3,1.2 to pi/2,1 head filled

plot sin(x)
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PLT-12-010 / LABELS, ARROWS AND SHADED REGIONS

Control arrowhead size and angles
Compare with PLT-12-009 · Draw an arrow between points.

Screen units keep head length independent of the data ranges. The
two angles control the head opening and its back edge.

PLT-12-010 · Generated from the complete Bash block

size screen 0.04,25,70 Head length as a canvas-width fraction, opening angle,
and back angle in degrees.

filled Close and fill the head polygon.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set arrow 1 from 3,1.2 to pi/2,1 head filled \

size screen 0.04,25,70 lw 2 lc rgb "#CC071E"

plot sin(x) with lines lw 3 notitle
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PLT-12-011 / LABELS, ARROWS AND SHADED REGIONS

Quick reference: arrowheads
New baseline: the commands below define this example.

Keep the line geometry fixed while comparing head count and head
fill. Arrowheads can be styled independently of the curve symbols.

PLT-12-011 · Generated from the complete Bash block

head; backhead; heads Put heads at the end, start, or both ends.

filled; empty Fill the arrowhead or show its outline.

as 1 Apply numbered arrow style 1.

plot NaN Draw the frame and annotations without a data curve.

unset key

unset border

unset xtics

set xrange [0:1]

set yrange [0.5:5.5]

set lmargin 18

set ytics ("nohead" 5, "head filled" 4, "head empty" 3, \

"heads filled" 2, "backhead" 1) nomirror scale 0

set style arrow 1 size screen 0.025,20,60 lw 3 \

lc rgb "#00549F"

set arrow 1 from 0.1,5 to 0.9,5 as 1 nohead

set arrow 2 from 0.1,4 to 0.9,4 as 1 head filled

set arrow 3 from 0.1,3 to 0.9,3 as 1 head empty

set arrow 4 from 0.1,2 to 0.9,2 as 1 heads filled

set arrow 5 from 0.1,1 to 0.9,1 as 1 backhead filled

plot NaN notitle

backhead

heads filled

head empty

head filled

nohead
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PLT-12-012 / LABELS, ARROWS AND SHADED REGIONS

Clip a segment whose endpoints are both outside
New baseline: the commands below define this example.

A line may cross the visible region even when both endpoints lie
outside it. Clip two controls whether this crossing portion is drawn. It
does not control clipping of filled objects.

PLT-12-012 · Generated from the complete Bash block

clip two Draw the in-range portion even if both segment
endpoints are outside.

clip one Controls segments with one endpoint inside the visible
range.

clip points Suppress symbols that would extend beyond the frame;
it does not trim them.

objects Use their own clip/noclip property.

$D << EOD

-1 0.2

2 0.8

EOD

set multiplot layout 1,2

set xrange [0:1]

set yrange [0:1]

unset key

unset clip two

set title "unset clip two"

plot $D with lines lw 4

set clip two

set title "set clip two"

plot $D with lines lw 4

unset multiplot
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PLT-12-013 / LABELS, ARROWS AND SHADED REGIONS

Highlight an x interval
Compare with PLT-01-007 · Leave room above and below.

Mix data x coordinates with graph y coordinates to shade the full plot
height.

PLT-12-013 · Generated from the complete Bash block

object 1 rectangle Create a numbered rectangle.

first 2 ... first 4 The highlighted x interval in data coordinates.

graph 0 ... graph 1 Extend from the plot’s bottom to its top.

fillcolor; fillstyle Set the colour, then use a transparent solid fill at opacity
0.15.

behind; noborder Draw behind the curve and suppress the rectangle
outline.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set object 1 rectangle from first 2, graph 0 \

to first 4, graph 1 behind \

fillcolor rgb "#00549F" fillstyle transparent solid 0.15 noborder

plot sin(x)
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PLT-12-014 / LABELS, ARROWS AND SHADED REGIONS

Compare object layers behind and in front
New baseline: the commands below define this example.

An opaque rectangle reveals which elements it covers. The separate
front label stays readable in both panels.

PLT-12-014 · Generated from the complete Bash block

object ... behind Draw the rectangle behind plot elements.

object ... front Draw it over the curves.

label ... front Place annotation text in the foreground.

set multiplot layout 1,2

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set object 1 rect from 2,-1.2 to 4,1.2 behind \

fc rgb "#F6A800" fs solid 1.0 noborder

set label 1 "behind" at graph 0.5,0.9 center front

plot sin(x) with lines lw 5 notitle

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set object 1 rect from 2,-1.2 to 4,1.2 front \

fc rgb "#F6A800" fs solid 1.0 noborder

set label 1 "front" at graph 0.5,0.9 center front

plot sin(x) with lines lw 5 notitle

unset multiplot
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PLT-13-001 / SPACE, PROPORTIONS AND MARGINS

Change the canvas shape
Compare with PLT-01-007 · Leave room above and below.

This example changes only the output dimensions. The same plot
adapts to a square canvas.

PLT-13-001 · Generated from the complete Bash block

size 800,800 SVG canvas width and height in pixels; this is an output
setting, not set size square.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

plot sin(x)
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PLT-13-002 / SPACE, PROPORTIONS AND MARGINS

Change the overall font size
Compare with PLT-01-007 · Leave room above and below.

A terminal font setting changes the default text size throughout the
figure. Margins adapt automatically.

PLT-13-002 · Generated from the complete Bash block

font "sans,28" Use the sans family with nominal size 28 instead of 20.
Individual font settings can override it.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

plot sin(x)
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PLT-13-003 / SPACE, PROPORTIONS AND MARGINS

Make the plot region square
Compare with PLT-01-007 · Leave room above and below.

This changes the aspect ratio of the plotting region, not the SVG
canvas.

PLT-13-003 · Generated from the complete Bash block

size square Use a square plot region within the existing 2:1 canvas.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set size square

plot sin(x)
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PLT-13-004 / SPACE, PROPORTIONS AND MARGINS

Set an explicit plot aspect ratio
Compare with PLT-13-003 · Make the plot region square.

Use a shallow plotting region while keeping the SVG canvas
unchanged. A positive ratio sets physical plot height divided by plot
width.

PLT-13-004 · Generated from the complete Bash block

ratio 0.35 Make the plot region height 35 percent of its width.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set size ratio 0.35

plot sin(x)
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PLT-13-005 / SPACE, PROPORTIONS AND MARGINS

Compare geometry on automatic axes
New baseline: the commands below define this example.

A circle written parametrically makes the distinction between aspect
ratio and equal units visible.

PLT-13-005 · Generated from the complete Bash block

parametric Interpret the next pair of expressions as x(t), y(t).

trange [0:2*pi] The parameter t runs through one turn.

cos(t),sin(t) Coordinates of a unit circle.

notitle Omit this curve from the legend.

set parametric

set trange [0:2*pi]

plot cos(t),sin(t) notitle
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PLT-13-006 / SPACE, PROPORTIONS AND MARGINS

Give x and y equal physical units
Compare with PLT-13-005 · Compare geometry on automatic axes.

Equal units preserve the circle even when the canvas is wide.

PLT-13-006 · Generated from the complete Bash block

ratio -1 Use equal physical lengths for one x unit and one y unit;
this is not an ordinary negative aspect ratio.

set parametric

set trange [0:2*pi]

set size ratio -1

plot cos(t),sin(t) notitle
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PLT-13-007 / SPACE, PROPORTIONS AND MARGINS

Reserve more left margin
Compare with PLT-01-007 · Leave room above and below.

Character-based margins allocate room for labels.

PLT-13-007 · Generated from the complete Bash block

lmargin Distance between the canvas’s left edge and the plot
border.

12 Margin in character widths.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set lmargin 12

plot sin(x)
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PLT-13-008 / SPACE, PROPORTIONS AND MARGINS

Reserve more bottom margin
Compare with PLT-01-007 · Leave room above and below.

The bottom margin gives long or rotated labels more room.

PLT-13-008 · Generated from the complete Bash block

bmargin Distance below the plot border.

5 Margin in character heights.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set bmargin 5

plot sin(x)
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PLT-13-009 / SPACE, PROPORTIONS AND MARGINS

Place the plot borders explicitly
Compare with PLT-01-007 · Leave room above and below.

Screen coordinates describe fractions of the entire canvas.

PLT-13-009 · Generated from the complete Bash block

at screen Position the border by a normalised canvas coordinate,
from 0 to 1.

0.15; 0.90 Left and right border positions, measured from the left.

0.20; 0.85 Bottom and top positions, measured from the bottom.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set lmargin at screen 0.15

set rmargin at screen 0.90

set bmargin at screen 0.20

set tmargin at screen 0.85

plot sin(x)
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PLT-13-010 / SPACE, PROPORTIONS AND MARGINS

Reserve space above the plot
Compare with PLT-13-009 · Place the plot borders explicitly.

Move the top plot boundary downward while retaining the other three
boundaries. The empty strip above can hold a title or annotations.

PLT-13-010 · Generated from the complete Bash block

tmargin at screen 0.65 Place the top border at 65 percent of the canvas height,
measured from the bottom.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set lmargin at screen 0.15

set rmargin at screen 0.90

set bmargin at screen 0.20

set tmargin at screen 0.65

plot sin(x)
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PLT-13-011 / SPACE, PROPORTIONS AND MARGINS

Compare character margins with screen margins
New baseline: the commands below define this example.

Ordinary margins reserve nominal character units for labels. Screen
margins instead place the frame at exact canvas fractions. The
canvas itself stays 1200 by 600 in both panels.

PLT-13-011 · Generated from the complete Bash block

lmargin 8 Reserve eight nominal character widths from the current
panel edge.

at screen 0.58 Place the left border at 58% of the entire canvas width.

canvas versus frame Terminal size defines the canvas; margins determine the
available plot region.

set multiplot layout 1,2

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set lmargin 8

set rmargin 2

set bmargin 3

set tmargin 2

set title "Character margins"

plot sin(x) with lines lw 3 notitle

set lmargin at screen 0.58

set rmargin at screen 0.97

set bmargin at screen 0.15

set tmargin at screen 0.85

set title "Screen margins"

plot sin(x) with lines lw 3 notitle

unset multiplot
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PLT-14-001 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Distinguish line types from user line styles
New baseline: the commands below define this example.

Line-type numbers and user line-style numbers are separate
collections. Redefining linetype 1 changes its indexed defaults;
defining style line 1 does not replace that linetype.

PLT-14-001 · Generated from the complete Bash block

lt 1 Select the indexed linetype defaults.

ls 1 Select separately defined user style 1.

dt 4 Override only the dash pattern.

reset Clears user line styles; linetype definitions survive a
normal reset.

unset key

unset xtics

set xrange [0:1]

set yrange [0.5:3.5]

set ytics ("lt 1" 3, "ls 1" 2, "ls 1, dt override" 1) \

nomirror scale 0

set lmargin 24

set linetype 1 lc rgb "#CC071E" lw 3 dt 1

set style line 1 lc rgb "#00549F" lw 3 dt 2

plot 3 with lines lt 1, 2 with lines ls 1, \

1 with lines ls 1 dt 4

ls 1, dt override

ls 1

lt 1

PLT-14-001

gnuplot / ONE CHANGE AT A TIME 202



PLT-14-002 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Replace a style fragment with a macro
New baseline: the commands below define this example.

A macro inserts command tokens. The style string becomes part of
the plot command before that line executes.

PLT-14-002 · Generated from the complete Bash block

set macros Explicitly enable string-variable macro substitution;
accepted in gnuplot 6.

@STYLE Replace the token with the contents of the string
variable STYLE.

Outer double / inner single
quotes

Keep the colour string quoted after expansion: linecolor
rgb '#00549F'.

Separate lines Define STYLE on an earlier line. Expansion happens
before execution of the line that contains @STYLE.

set macros

STYLE = "lines linewidth 3 linecolor rgb '#00549F'"

set xrange [0:2*pi]

plot sin(x) with @STYLE notitle
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PLT-14-003 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Change the macro in one place
Compare with PLT-14-002 · Replace a style fragment with a macro.

The plot command stays the same; changing the string changes the
inserted style.

PLT-14-003 · Generated from the complete Bash block

linespoints ... Replace one style fragment with another; markers now
appear on the curve.

samples 25 Reduce sampling so the markers stay distinct. This is a
separate explicit change.

set macros

STYLE = "linespoints linewidth 2 pointtype 7 pointsize 0.6"

set xrange [0:2*pi]

set samples 25

plot sin(x) with @STYLE notitle
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PLT-14-004 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Reuse one style for two curves
Compare with PLT-14-002 · Replace a style fragment with a macro.

A single definition controls both occurrences. This deliberately gives
both curves the same appearance.

PLT-14-004 · Generated from the complete Bash block

Two @STYLE occurrences Both expand to the same token sequence; edit STYLE
once to change both.

set macros

STYLE = "lines linewidth 3 linecolor rgb '#00549F'"

set xrange [0:2*pi]

plot sin(x) with @STYLE title "sin", \

cos(x) with @STYLE title "cos"
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PLT-14-005 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Define and reuse a numbered line style
Compare with PLT-14-004 · Reuse one style for two curves.

A native line style stores line and point properties under one number.
It provides reusable styling without constructing macro text.

PLT-14-005 · Generated from the complete Bash block

set style line 1 Define the properties of user line style 1.

ls 1 Apply that stored style to a plot element.

lw; dt; pt; ps Store width, dash pattern, point symbol and point size
together.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set samples 25

set style line 1 lc rgb "#00549F" lw 3 dt 2 pt 7 ps 1.2

plot sin(x) with linespoints ls 1 title "Sine", \

cos(x) with linespoints ls 1 title "Cosine"
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PLT-14-006 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Override one property of a reusable style
Compare with PLT-14-005 · Define and reuse a numbered line style.

Place explicit overrides after the style reference. The second curve
keeps the stored dash and point properties but gets a different
colour.

PLT-14-006 · Generated from the complete Bash block

ls 1 lc rgb ... Load the style, then replace its colour for this element.

style remains unchanged The override does not modify style 1 for later plots.

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set samples 25

set style line 1 lc rgb "#00549F" lw 3 dt 2 pt 7 ps 1.2

plot sin(x) with linespoints ls 1 title "Stored style", \

cos(x) with linespoints ls 1 lc rgb "#CC071E" \

title "Colour override"
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PLT-14-007 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Share geometry but vary colour
Compare with PLT-14-004 · Reuse one style for two curves.

Keep repeated line settings in the macro and place series-specific
colours outside it.

PLT-14-007 · Generated from the complete Bash block

@STYLE linecolor ... Expanded tokens and ordinary command tokens form
one command. Put only genuinely shared settings in the
macro.

set macros

STYLE = "lines linewidth 3"

set xrange [0:2*pi]

plot sin(x) with @STYLE linecolor rgb "#00549F" title "sin", \

cos(x) with @STYLE linecolor rgb "#F6A800" title "cos"
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PLT-14-008 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Put a range into a macro
Compare with PLT-14-002 · Replace a style fragment with a macro.

Macros can supply syntax such as brackets, not just a numeric value.

PLT-14-008 · Generated from the complete Bash block

XRANGE = "[0:2*pi]" The string includes the complete bracketed range
syntax.

set xrange @XRANGE After expansion, gnuplot reads set xrange [0:2*pi].

set macros

XRANGE = "[0:2*pi]"

STYLE = "lines linewidth 3"

set xrange @XRANGE

plot sin(x) with @STYLE notitle
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PLT-14-009 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Bundle several setup commands
New baseline: the commands below define this example.

A macro can expand to complete commands separated by
semicolons. Keep the definition on an earlier line.

PLT-14-009 · Generated from the complete Bash block

Semicolons in AXES Store three commands in one string.

@AXES on its own line Expand and execute the setup commands: left/bottom
border, unmirrored ticks, y grid.

Quoting boundary @AXES is outside quotes when invoked; the string that
defines it remains quoted.

set macros

AXES = "set border 3; set tics nomirror; set grid ytics"

@AXES

set xrange [0:2*pi]

plot sin(x) with lines linewidth 2 notitle
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PLT-14-010 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Build a macro with string concatenation
Compare with PLT-14-002 · Replace a style fragment with a macro.

The dot operator joins strings. It allows a small reusable base plus
one selected colour.

PLT-14-010 · Generated from the complete Bash block

String operator . Concatenate text; this is not multiplication.

Inserted single quotes The resulting text is lines linewidth 3 linecolor rgb
'#57AB27'.

STYLE before @STYLE The entire string must exist before the invocation line is
parsed.

set macros

BASE = "lines linewidth 3"

COLOUR = "#57AB27"

STYLE = BASE . " linecolor rgb '" . COLOUR . "'"

set xrange [0:2*pi]

plot sin(x) with @STYLE notitle

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

0 1 2 3 4 5 6

PLT-14-010

gnuplot / ONE CHANGE AT A TIME 211



PLT-14-011 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Format a numeric macro parameter
Compare with PLT-14-002 · Replace a style fragment with a macro.

sprintf turns a number into command text. Ordinary numeric
variables would also work here; this illustrates text construction.

PLT-14-011 · Generated from the complete Bash block

sprintf("...%g",W) Substitute the number into a formatted string; %g uses
compact numeric notation.

Resulting STYLE The string becomes lines linewidth 5 before it is
expanded.

set macros

W = 5

STYLE = sprintf("lines linewidth %g",W)

set xrange [0:2*pi]

plot sin(x) with @STYLE notitle
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PLT-14-012 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

See where a macro does not expand
New baseline: the commands below define this example.

Macro names inside quoted strings remain literal text. The plot title
visibly demonstrates the boundary.

PLT-14-012 · Generated from the complete Bash block

"@NAME" Quoted text is not macro-expanded; the title is literally
@NAME.

noenhanced Treat @ as an ordinary character instead of an
enhanced-text control character.

set macros

NAME = "A readable title"

set title "@NAME" noenhanced

set xrange [0:2*pi]

plot sin(x) with lines linewidth 2 notitle
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PLT-14-013 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Pass the title variable correctly
Compare with PLT-14-012 · See where a macro does not expand.

Use the value directly when the command already expects a string.

PLT-14-013 · Generated from the complete Bash block

set title NAME The displayed title is A readable title. A string expression
is the natural solution here.

set macros

NAME = "A readable title"

set title NAME noenhanced

set xrange [0:2*pi]

plot sin(x) with lines linewidth 2 notitle
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PLT-14-014 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Execute constructed text with eval
Compare with PLT-14-008 · Put a range into a macro.

eval explicitly executes a command string. It is useful when you are
constructing an entire command.

PLT-14-014 · Generated from the complete Bash block

CMD A string containing one complete set xrange command.

eval CMD Parse and execute the string value as gnuplot
commands.

Macro versus eval @NAME substitutes text while a line is parsed; eval
executes a string when the command runs.

LOW = 0

HIGH = 2*pi

CMD = sprintf("set xrange [%g:%g]",LOW,HIGH)

eval CMD

plot sin(x) with lines linewidth 2 notitle
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PLT-14-015 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Combine a plot loop with a style macro
Compare with PLT-14-002 · Replace a style fragment with a macro.

Keep the macro fixed, and let the loop variable control the numeric
function and colour. The visible string lists three RWTH colour values;
word selects one for each curve.

PLT-14-015 · Generated from the complete Bash block

STYLE before the loop The macro text is available when the plot line is parsed.

k in sin(k*x) The loop variable changes the evaluated frequency for
each series.

word(COLOURS,k) Select the kth hexadecimal RWTH colour from the
space-separated string.

linecolor rgb Interpret the selected string as an RGB colour.

sprintf("k = %d",k) Print the loop index as an integer in the legend.

set macros

STYLE = "lines linewidth 2"

COLOURS = "#00549F #57AB27 #F6A800"

set xrange [0:2*pi]

set yrange [-1.1:1.1]

plot for [k=1:3] sin(k*x) with @STYLE \

linecolor rgb word(COLOURS,k) title sprintf("k = %d",k)
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PLT-14-016 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Build macro text with a function parameter
Compare with PLT-14-004 · Reuse one style for two curves.

A string-valued function accepts the width parameter and returns a
style fragment. Call it twice to give the curves different widths. The
@ macros themselves take no arguments: store each function result
in a string variable before expanding it. Keep assignments on earlier
lines because macro expansion happens before a line executes.

PLT-14-016 · Generated from the complete Bash block

line_style(width) Define a function that accepts one argument and returns
a string.

sprintf("...%g...", width) Insert the argument into the style text; lw and lc
abbreviate linewidth and linecolor.

line_style(1); line_style(5) Generate two style strings from the same function, with
widths 1 and 5.

@THIN; @THICK Expand the stored strings. Calling @line_style(3) directly
is not supported.

set macros

line_style(width) = sprintf( \

"lines lw %g lc rgb '#00549F'", width)

THIN = line_style(1)

THICK = line_style(5)

set xrange [0:2*pi]

plot sin(x) with @THIN title "sin: width 1", \

cos(x) with @THICK title "cos: width 5" -1
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PLT-14-017 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Pass parameters to a reusable command block
Compare with PLT-14-016 · Build macro text with a function parameter.

Call accepts arguments for a reusable script or command datablock.
Numeric arguments keep their types in ARGV; ARG1 and ARG2
provide string representations. Unlike an @ macro, the called block
executes commands.

PLT-14-017 · Generated from the complete Bash block

call $Setup 4 "#00549F" Execute the command block with two arguments.

ARGV[1] Use the first argument as its original numeric value.

ARG2 Use the second argument as a string colour name.

call "setup.gp" ... The same mechanism can call commands stored in a
file.

$Setup << ENDSETUP

set style line 1 lw ARGV[1] lc rgb ARG2

ENDSETUP

call $Setup 4 "#00549F"

set xrange [0:2*pi]

plot sin(x) with lines ls 1 title "Width supplied to call"
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PLT-14-018 / REUSABLE STYLES, LOOPS AND COMMAND BLOCKS

Reset plot settings within a session
New baseline: the commands below define this example.

Reset clears most plot settings and user line styles. Variables and
functions, terminal/output selection, and redefined linetypes survive
a normal reset. The reserved tour identifier is restored after its label
is cleared.

PLT-14-018 · Generated from the complete Bash block

reset Restore most plot defaults, remove labels and user line
styles.

amplitude; f(x) Ordinary variables and functions remain available.

set linetype Its redefined defaults persist through a normal reset.

terminal; output Retain their current selections.

amplitude = 0.8

f(x) = amplitude*sin(x)

set linetype 1 lc rgb "#00549F" lw 3

set grid

set xrange [0:2*pi]

set style line 1 lc rgb "#CC071E" dt 2

reset

set encoding utf8

set label 999 'PLT-14-018' at screen 0.985,0.975 \

right front font ',12' textcolor rgb '#646567'

set xrange [0:2*pi]

plot f(x) with lines lt 1 title "Function survives reset"
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PLT-15-001 / STATISTICS BEFORE PLOTTING

Plot measurements by record number
New baseline: the commands below define this example.

Begin with eight measurements at unevenly spaced positions. Plot
the second column against pseudo-column 0, the zero-based row
number. The first column is deliberately unused in this first view.
Later steps repeat these data in the complete Bash block.

PLT-15-001 · Generated from the complete Bash block

using 0:2 Use the row number as x and the second column as y.

$D An inline datablock keeps these eight synthetic
observations inside the example.

$D << EOD

1 5

2 3

4 6

7 10

11 7

16 12

22 9

29 14

EOD

set grid ytics

set key left top

set ylabel "Measurement"

set xlabel "Record number (zero-based)"

set yrange [0:17]

set xrange [-0.4:7.4]

set xtics 1

plot $D using 0:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title

"Measurements"
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PLT-15-002 / STATISTICS BEFORE PLOTTING

Calculate and draw the mean
Compare with PLT-15-001 · Plot measurements by record number.

Add one-column statistics before plotting. The named variables
describe column 2: eight records with mean 8.25. Draw that mean as
a constant function; nooutput suppresses the default statistics report.

PLT-15-002 · Generated from the complete Bash block

stats $D using 2 name "A"
nooutput

Calculate one-column statistics with the A_ variable
prefix.

A_records; A_mean The observation count and arithmetic mean.

A_mean with lines A constant expression draws a horizontal reference line.

stats $D using 2 name "A" nooutput

set grid ytics

set key left top

set ylabel "Measurement"

set xlabel "Record number (zero-based)"

set yrange [0:17]

set xrange [-0.4:7.4]

set xtics 1

plot $D using 0:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title

"Measurements", \

A_mean with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 

%.2f",A_mean)

print A_records,A_mean,A_min,A_max, \

A_index_min,A_index_max
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PLT-15-003 / STATISTICS BEFORE PLOTTING

Locate the minimum by its record index
Compare with PLT-15-002 · Calculate and draw the mean.

Add an arrow and a value label at the lowest observation.
A_index_min is 1 because the minimum is the second record. It
matches pseudo-column 0 in the plotted data; it is not the first-
column position 2.

PLT-15-003 · Generated from the complete Bash block

A_index_min; A_min Zero-based record index of the minimum, and its y value
3.

first ..., graph ... Mix data coordinates for x with a fraction of the plotting
area for y.

filled head Give the annotation arrow a solid arrowhead.

stats $D using 2 name "A" nooutput

set grid ytics

set key left top

set ylabel "Measurement"

set xlabel "Record number (zero-based)"

set yrange [0:17]

set xrange [-0.4:7.4]

set xtics 1

set arrow 1 from first A_index_min, graph 0.12 \

to first A_index_min, first A_min filled head \

lw 2 lc rgb "#CC071E"

set label 1 sprintf("min=%.0f",A_min) \

at first A_index_min, graph 0.06 center tc rgb "#CC071E"

plot $D using 0:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title

"Measurements", \

A_mean with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 

%.2f",A_mean)

print A_records,A_mean,A_min,A_max, \

A_index_min,A_index_max
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PLT-15-004 / STATISTICS BEFORE PLOTTING

Locate the maximum as well
Compare with PLT-15-003 · Locate the minimum by its record index.

Keep the minimum annotation and add the maximum independently.
The largest observation is 14 at record index 7. Separate arrow and
label numbers let both annotations coexist.

PLT-15-004 · Generated from the complete Bash block

A_index_max; A_max Zero-based record index 7 and maximum measurement
14.

arrow 2; label 2 A second numbered annotation leaves the minimum
annotation intact.

graph 0.92 Start near the top of the plotting area, independently of
the y scale.

stats $D using 2 name "A" nooutput

set grid ytics

set key left top

set ylabel "Measurement"

set xlabel "Record number (zero-based)"

set yrange [0:17]

set xrange [-0.4:7.4]

set xtics 1

set arrow 1 from first A_index_min, graph 0.12 \

to first A_index_min, first A_min filled head \

lw 2 lc rgb "#CC071E"

set label 1 sprintf("min=%.0f",A_min) \

at first A_index_min, graph 0.06 center tc rgb "#CC071E"

set arrow 2 from first A_index_max, graph 0.92 \

to first A_index_max, first A_max filled head \

lw 2 lc rgb "#57AB27"

set label 2 sprintf("max=%.0f",A_max) \

at first A_index_max, graph 0.96 center tc rgb "#57AB27"

plot $D using 0:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title

"Measurements", \

A_mean with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 

%.2f",A_mean)

print A_records,A_mean,A_min,A_max, \

A_index_min,A_index_max
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PLT-15-005 / STATISTICS BEFORE PLOTTING

Use the actual x positions
Compare with PLT-15-004 · Locate the maximum as well.

Switch from record numbers to the first-column positions. Analyze
both columns together and use B_pos_min_y and B_pos_max_y for
the annotation coordinates. The minimum now sits at x=2 and the
maximum at x=29; their row indices would put the arrows in the
wrong places.

PLT-15-005 · Generated from the complete Bash block

stats $D using 1:2 name "B"
nooutput

Analyze the same x and y coordinates that will be
plotted.

B_mean_y Two-column statistics add _x and _y suffixes to column
summaries.

B_pos_min_y; B_pos_max_y Actual x coordinates associated with the lowest and
highest y values.

stats $D using 1:2 name "B" nooutput

set grid ytics

set key left top

set ylabel "Measurement"

set xlabel "Position"

set yrange [0:17]

set xrange [0:31]

set arrow 1 from first B_pos_min_y, graph 0.12 \

to first B_pos_min_y, first B_min_y filled head \

lw 2 lc rgb "#CC071E"

set label 1 sprintf("min=%.0f",B_min_y) \

at first B_pos_min_y, graph 0.06 center tc rgb "#CC071E"

set arrow 2 from first B_pos_max_y, graph 0.92 \

to first B_pos_max_y, first B_max_y filled head \

lw 2 lc rgb "#57AB27"

set label 2 sprintf("max=%.0f",B_max_y) \

at first B_pos_max_y, graph 0.96 center tc rgb "#57AB27"

plot $D using 1:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title

"Measurements", \

B_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 

%.2f",B_mean_y)

print B_records,B_mean_y,B_min_y,B_max_y, \

B_pos_min_y,B_pos_max_y
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PLT-15-006 / STATISTICS BEFORE PLOTTING

Transform x consistently for statistics and plotting
Compare with PLT-15-005 · Use the actual x positions.

Define f(x)=log(1+x) and apply it to column 1 in both commands.
The extrema remain y=3 and y=14, but their x coordinates become
log(3) and log(30). This changes the coordinate values themselves;
the displayed x axis stays linear.

PLT-15-006 · Generated from the complete Bash block

f(x) = log(1+x) Natural logarithm of a shifted, positive position.

using (f($1)):2 Use the same transformed x expression for statistics and
the plot.

C_pos_min_y; C_pos_max_y Extremum positions in the transformed coordinate
system.

f(x) = log(1+x)

stats $D using (f($1)):2 name "C" nooutput

set grid ytics

set key left top

set ylabel "Measurement"

set xlabel "log(1 + position)"

set yrange [0:17]

set xrange [0.4:3.6]

set arrow 1 from first C_pos_min_y, graph 0.12 \

to first C_pos_min_y, first C_min_y filled head \

lw 2 lc rgb "#CC071E"

set label 1 sprintf("min=%.0f",C_min_y) \

at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"

set arrow 2 from first C_pos_max_y, graph 0.92 \

to first C_pos_max_y, first C_max_y filled head \

lw 2 lc rgb "#57AB27"

set label 2 sprintf("max=%.0f",C_max_y) \

at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"

plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title

"Measurements", \

C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 

%.2f",C_mean_y)

print C_records,C_mean_y,C_min_y,C_max_y, \

C_pos_min_y,C_pos_max_y
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PLT-15-007 / STATISTICS BEFORE PLOTTING

Draw the linear trend from two-column statistics
Compare with PLT-15-006 · Transform x consistently for statistics and plotting.

Add the least-squares line already summarized by the two-column
stats command. Its slope and intercept describe measurement versus
log(1+position). Changing back to the original position coordinates
would require recomputing the statistics.

PLT-15-007 · Generated from the complete Bash block

C_slope; C_intercept Coefficients of the straight line for the analyzed x and y
values.

trend(x) = C_slope*x +
C_intercept

Define the line from those two coefficients.

trend(x) with lines Overlay the trend without a separate nonlinear fit
command.

f(x) = log(1+x)

stats $D using (f($1)):2 name "C" nooutput

set grid ytics

set key left top

set ylabel "Measurement"

set xlabel "log(1 + position)"

set yrange [0:17]

set xrange [0.4:3.6]

set arrow 1 from first C_pos_min_y, graph 0.12 \

to first C_pos_min_y, first C_min_y filled head \

lw 2 lc rgb "#CC071E"

set label 1 sprintf("min=%.0f",C_min_y) \

at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"

set arrow 2 from first C_pos_max_y, graph 0.92 \

to first C_pos_max_y, first C_max_y filled head \

lw 2 lc rgb "#57AB27"

set label 2 sprintf("max=%.0f",C_max_y) \

at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"

trend(x) = C_slope*x + C_intercept

plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title

"Measurements", \

C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 

%.2f",C_mean_y), \

trend(x) with lines lw 2 lc rgb "#7A6FAC" title "Linear trend"

print C_records,C_mean_y,C_min_y,C_max_y, \

C_pos_min_y,C_pos_max_y

print C_slope,C_intercept,C_correlation
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PLT-15-008 / STATISTICS BEFORE PLOTTING

Show the computed summary beside the plot
Compare with PLT-15-007 · Draw the linear trend from two-column statistics.

Finish with a compact annotation showing the record count, correlation
and trend equation. sprintf formats the computed values rather than
hard-coding them. Correlation describes the association in the
transformed coordinates; these synthetic data do not establish a causal
relationship.

PLT-15-008 · Generated from the complete Bash block

C_correlation Correlation between the analyzed transformed x values
and y values.

sprintf("...", ...) Insert the computed values with controlled decimal
precision.

at graph 0.98,0.12 right Place the summary inside the plotting area near the
lower-right corner.

f(x) = log(1+x)
stats $D using (f($1)):2 name "C" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "log(1 + position)"
set yrange [0:17]
set xrange [0.4:3.6]
set arrow 1 from first C_pos_min_y, graph 0.12 \

to first C_pos_min_y, first C_min_y filled head \
lw 2 lc rgb "#CC071E"

set label 1 sprintf("min=%.0f",C_min_y) \
at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"

set arrow 2 from first C_pos_max_y, graph 0.92 \
to first C_pos_max_y, first C_max_y filled head \
lw 2 lc rgb "#57AB27"

set label 2 sprintf("max=%.0f",C_max_y) \
at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"

trend(x) = C_slope*x + C_intercept
set label 3 sprintf("n=%d | r=%.3f\ny=%.3f x + %.3f", \

C_records,C_correlation,C_slope,C_intercept) \
at graph 0.98,0.12 right front font ",16"

plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title
"Measurements", \

C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 
%.2f",C_mean_y), \

trend(x) with lines lw 2 lc rgb "#7A6FAC" title "Linear trend"
print C_records,C_mean_y,C_min_y,C_max_y, \

C_pos_min_y,C_pos_max_y
print C_slope,C_intercept,C_correlation
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PLT-15-009 / STATISTICS BEFORE PLOTTING

Move the maximum by changing only the data
Compare with PLT-15-008 · Show the computed summary beside the plot.

Change just the input row from 7 10 to 7 16. The maximum moves from
measurement 14 at position 29 to measurement 16 at position 7. All
statistics, arrows and labels are recalculated from the data; no
annotation coordinates are edited. Expand the complete Bash block to
see the changed row.

PLT-15-009 · Generated from the complete Bash block

7 10 -> 7 16 Only this input row changes from the comparison
example.

stats $D using (f($1)):2 Recompute summaries from the actual plotted
coordinates.

C_pos_min_y; C_pos_max_y Find the x positions of the new extrema automatically.

C_min_y; C_max_y Both arrow endpoints and label values come from
statistics.

# Change only the data row: 7 10 -> 7 16.
f(x) = log(1+x)
stats $D using (f($1)):2 name "C" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "log(1 + position)"
set yrange [0:17]
set xrange [0.4:3.6]
set arrow 1 from first C_pos_min_y, graph 0.12 \

to first C_pos_min_y, first C_min_y filled head \
lw 2 lc rgb "#CC071E"

set label 1 sprintf("min=%.0f",C_min_y) \
at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"

set arrow 2 from first C_pos_max_y, graph 0.92 \
to first C_pos_max_y, first C_max_y filled head \
lw 2 lc rgb "#57AB27"

set label 2 sprintf("max=%.0f",C_max_y) \
at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"

trend(x) = C_slope*x + C_intercept
set label 3 sprintf("n=%d | r=%.3f\ny=%.3f x + %.3f", \

C_records,C_correlation,C_slope,C_intercept) \
at graph 0.98,0.12 right front font ",16"

plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title
"Measurements", \

C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 
%.2f",C_mean_y), \

trend(x) with lines lw 2 lc rgb "#7A6FAC" title "Linear trend"
print C_records,C_mean_y,C_min_y,C_max_y, \

C_pos_min_y,C_pos_max_y
print C_slope,C_intercept,C_correlation
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PLT-15-010 / STATISTICS BEFORE PLOTTING

Move the minimum without editing annotations
Compare with PLT-15-009 · Move the maximum by changing only the data.

Keep the new maximum and change just the input row from 22 9 to 22
1. The minimum now moves from measurement 3 at position 2 to
measurement 1 at position 22. The same stats command finds both
extrema and their transformed x positions automatically. The mean,
trend and summary update too.

PLT-15-010 · Generated from the complete Bash block

22 9 -> 22 1 Only this input row changes from the comparison
example.

stats $D using (f($1)):2 Recompute summaries from the actual plotted
coordinates.

C_pos_min_y; C_pos_max_y Find the x positions of the new extrema automatically.

C_min_y; C_max_y Both arrow endpoints and label values come from
statistics.

# Change only the data row: 22 9 -> 22 1.
f(x) = log(1+x)
stats $D using (f($1)):2 name "C" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "log(1 + position)"
set yrange [0:17]
set xrange [0.4:3.6]
set arrow 1 from first C_pos_min_y, graph 0.12 \

to first C_pos_min_y, first C_min_y filled head \
lw 2 lc rgb "#CC071E"

set label 1 sprintf("min=%.0f",C_min_y) \
at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"

set arrow 2 from first C_pos_max_y, graph 0.92 \
to first C_pos_max_y, first C_max_y filled head \
lw 2 lc rgb "#57AB27"

set label 2 sprintf("max=%.0f",C_max_y) \
at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"

trend(x) = C_slope*x + C_intercept
set label 3 sprintf("n=%d | r=%.3f\ny=%.3f x + %.3f", \

C_records,C_correlation,C_slope,C_intercept) \
at graph 0.98,0.12 right front font ",16"

plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title
"Measurements", \

C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = 
%.2f",C_mean_y), \

trend(x) with lines lw 2 lc rgb "#7A6FAC" title "Linear trend"
print C_records,C_mean_y,C_min_y,C_max_y, \

C_pos_min_y,C_pos_max_y
print C_slope,C_intercept,C_correlation
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PLT-15-011 / STATISTICS BEFORE PLOTTING

Begin with observations for an exponential fit
New baseline: the commands below define this example.

Nine original measurements suggest a rapid decline towards a
nonzero floor. Inspect the observations before choosing a model;
every later step repeats this fixture in the complete Bash script.

PLT-15-011 · Generated from the complete Bash block

$Decay An inline two-column table of elapsed time and
concentration.

using 1:2 Read elapsed time and the measured response.

$Decay << EOD

0 8.12

0.75 5.84

1.5 4.72

2.25 3.70

3 3.19

3.75 2.69

4.5 2.56

5.25 2.26

6 2.30

EOD

set xrange [0:6]

set yrange [1.5:8.8]

set xlabel "Time (hours)"

set ylabel "Concentration (arbitrary units)"

set grid ytics

set key top right

plot $Decay using 1:2 with points pt 7 ps 1.4 lc rgb "#00549F" title

"Observed"
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PLT-15-012 / STATISTICS BEFORE PLOTTING

Overlay an initial decay model
Compare with PLT-15-011 · Begin with observations for an exponential fit.

Add an exponential decay with an offset. The orange curve uses
deliberately imperfect starting values; these are parameters to
estimate, not measured facts.

PLT-15-012 · Generated from the complete Bash block

a*exp(-b*x)+c Amplitude a, positive decay rate b and asymptotic floor
c.

a=4; b=0.4; c=1 Starting guesses; sensible scales help convergence.

set xrange [0:6]

set yrange [1.5:8.8]

set xlabel "Time (hours)"

set ylabel "Concentration (arbitrary units)"

set grid ytics

set key top right

a=4; b=0.4; c=1

f(x)=a*exp(-b*x)+c

plot $Decay using 1:2 with points pt 7 ps 1.4 lc rgb "#00549F" title

"Observed", \

f(x) with lines lw 3 lc rgb "#F6A800" title "Decay model"
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PLT-15-013 / STATISTICS BEFORE PLOTTING

Let fit estimate the decay parameters
Compare with PLT-15-012 · Overlay an initial decay model.

Fit the same model to the observations with equal weights. gnuplot
replaces a, b and c with least-squares estimates. Iterations are
bounded, and the example reports whether optimisation converged.
Convergence alone does not establish model suitability.

PLT-15-013 · Generated from the complete Bash block

fit ... via a,b,c Adjust these variables to minimise squared residuals.

maxiter 100; nolog Bound iterations and avoid creating fit.log.

FIT_CONVERGED Nonzero means the stopping criterion was reached.

set xrange [0:6]

set yrange [1.5:8.8]

set xlabel "Time (hours)"

set ylabel "Concentration (arbitrary units)"

set grid ytics

set key top right

a=4; b=0.4; c=1

f(x)=a*exp(-b*x)+c

set fit nolog quiet maxiter 100 errorvariables

fit f(x) $Decay using 1:2 via a,b,c

print sprintf("fit: a=%.6f b=%.6f c=%.6f converged=%d", a,b,c,FIT_CONVERGED)

plot $Decay using 1:2 with points pt 7 ps 1.4 lc rgb "#00549F" title

"Observed", \

f(x) with lines lw 3 lc rgb "#F6A800" title "Decay model"
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PLT-15-014 / STATISTICS BEFORE PLOTTING

Display fitted values and their uncertainties
Compare with PLT-15-013 · Let fit estimate the decay parameters.

Keep the fitted curve and add parameter values. The plus/minus
values are estimated parameter standard errors; they are not
prediction intervals or a guarantee that exponential decay is the
correct model.

PLT-15-014 · Generated from the complete Bash block

errorvariables Create a_err, b_err and c_err after fitting.

sprintf Format computed values rather than hard-coding labels.

set xrange [0:6]

set yrange [1.5:8.8]

set xlabel "Time (hours)"

set ylabel "Concentration (arbitrary units)"

set grid ytics

set key top right

a=4; b=0.4; c=1

f(x)=a*exp(-b*x)+c

set fit nolog quiet maxiter 100 errorvariables

fit f(x) $Decay using 1:2 via a,b,c

print sprintf("fit: a=%.6f b=%.6f c=%.6f converged=%d", a,b,c,FIT_CONVERGED)

set label 1 sprintf("a = %.2f +/- %.2f",a,a_err) at graph 0.52,0.72

set label 2 sprintf("b = %.3f +/- %.3f",b,b_err) at graph 0.52,0.63

set label 3 sprintf("c = %.2f +/- %.2f",c,c_err) at graph 0.52,0.54

plot $Decay using 1:2 with points pt 7 ps 1.4 lc rgb "#00549F" title

"Observed", \

f(x) with lines lw 3 lc rgb "#F6A800" title "Decay model"
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PLT-15-015 / STATISTICS BEFORE PLOTTING

Inspect residuals after fitting
Compare with PLT-15-013 · Let fit estimate the decay parameters.

Plot measured minus fitted values around a horizontal zero line. A
fitted curve can hide systematic errors; residual patterns help reveal
them. This small synthetic fixture demonstrates the method rather
than validating a statistical model.

PLT-15-015 · Generated from the complete Bash block

$2-f($1) Compute observed minus fitted concentration.

set zeroaxis Draw a reference at zero; residuals can have either sign.

set xrange [0:6]

set yrange [1.5:8.8]

set xlabel "Time (hours)"

set ylabel "Concentration (arbitrary units)"

set grid ytics

set key top right

a=4; b=0.4; c=1

f(x)=a*exp(-b*x)+c

set fit nolog quiet maxiter 100 errorvariables

fit f(x) $Decay using 1:2 via a,b,c

print sprintf("fit: a=%.6f b=%.6f c=%.6f converged=%d", a,b,c,FIT_CONVERGED)

set yrange [-0.25:0.25]

set ylabel "Observed minus fitted concentration"

set zeroaxis lw 2 lc rgb "#646567"

plot $Decay using 1:($2-f($1)) with impulses lw 3 \

lc rgb "#00549F" title "Residuals", \

$Decay using 1:($2-f($1)) with points pt 7 ps 1.2 \

lc rgb "#00549F" notitle
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PLT-15-016 / STATISTICS BEFORE PLOTTING

Start an interpolation with six samples
New baseline: the commands below define this example.

These original fractions begin almost flat, jump between positions
two and three, then level off. Begin with the observations.
Interpolation connects known values; it differs from fitting a noisy
response.

PLT-15-016 · Generated from the complete Bash block

$Ramp An ordered, monotone fixture with a sharp transition.

with points Show only values supplied in the data.

$Ramp << EOD

0 0

1 0

2 0.05

3 0.95

4 1

5 1

EOD

set xrange [-0.1:5.1]

set yrange [-0.15:1.15]

set xlabel "Position"

set ylabel "Fraction"

set grid ytics

set key top left

set samples 250

plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title "Samples"
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PLT-15-017 / STATISTICS BEFORE PLOTTING

Connect samples with straight lines
Compare with PLT-15-016 · Start an interpolation with six samples.

Add straight segments between consecutive measurements. The
joins pass through every observation, but their slope changes
abruptly at each sample position.

PLT-15-017 · Generated from the complete Bash block

with lines Connect neighbouring records without estimating
coefficients.

set xrange [-0.1:5.1]

set yrange [-0.15:1.15]

set xlabel "Position"

set ylabel "Fraction"

set grid ytics

set key top left

set samples 250

plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title

"Samples", \

$Ramp using 1:2 with lines lw 3 lc rgb "#00549F" title "Linear joins"
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PLT-15-018 / STATISTICS BEFORE PLOTTING

Replace joins with a cubic spline
Compare with PLT-15-017 · Connect samples with straight lines.

A cubic spline smoothly connects the samples. Near the sharp
transition it overshoots the physical fraction range: smoothness alone
does not preserve the data shape.

PLT-15-018 · Generated from the complete Bash block

smooth csplines Interpolate with cubic segments; overshoot is possible.

samples 250 Choose the number of points drawing the smooth curve.

set xrange [-0.1:5.1]

set yrange [-0.15:1.15]

set xlabel "Position"

set ylabel "Fraction"

set grid ytics

set key top left

set samples 250

plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title

"Samples", \

$Ramp using 1:2 smooth csplines with lines lw 3 \

lc rgb "#F6A800" title "Cubic spline"
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PLT-15-019 / STATISTICS BEFORE PLOTTING

Preserve monotonicity with mcsplines
Compare with PLT-15-018 · Replace joins with a cubic spline.

Change only the interpolation method. The monotone cubic spline
preserves this fixture’s increasing shape and stays between
neighbouring values. It interpolates rather than denoising the
observations.

PLT-15-019 · Generated from the complete Bash block

smooth mcsplines Constrain the interpolated shape to preserve
monotonicity.

set xrange [-0.1:5.1]

set yrange [-0.15:1.15]

set xlabel "Position"

set ylabel "Fraction"

set grid ytics

set key top left

set samples 250

plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title

"Samples", \

$Ramp using 1:2 smooth mcsplines with lines lw 3 \

lc rgb "#0098A1" title "Monotone spline"
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PLT-15-020 / STATISTICS BEFORE PLOTTING

Compare interpolation choices in one figure
Compare with PLT-15-019 · Preserve monotonicity with mcsplines.

Overlay all three methods against the same observations. Keep
negative and above-one margins visible so cubic overshoot is easy to
see; do not hide it with restrictive axis ranges.

PLT-15-020 · Generated from the complete Bash block

three plot clauses Reuse one fixture with three interpolation choices.

yrange [-0.15:1.15] Expose overshoot outside the valid fraction range.

set xrange [-0.1:5.1]

set yrange [-0.15:1.15]

set xlabel "Position"

set ylabel "Fraction"

set grid ytics

set key top left

set samples 250

plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title

"Samples", \

$Ramp using 1:2 with lines lw 3 lc rgb "#00549F" title "Linear joins", \

$Ramp using 1:2 smooth csplines with lines lw 3 \

lc rgb "#F6A800" title "Cubic spline", \

$Ramp using 1:2 smooth mcsplines with lines lw 3 \

lc rgb "#0098A1" title "Monotone spline"
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PLT-16-001 / MULTIPLE PANELS

Create two side-by-side panels
New baseline: the commands below define this example.

multiplot directs several plot commands onto one canvas.

PLT-16-001 · Generated from the complete Bash block

layout 1,2 One row and two columns.

set title Set the title of the next panel.

notitle Omit the curve’s legend entry.

unset multiplot Finish the combined figure.

set multiplot layout 1,2

set title "Sine"

plot sin(x) notitle

set title "Cosine"

plot cos(x) notitle

unset multiplot
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PLT-16-002 / MULTIPLE PANELS

Stack the same panels vertically
Compare with PLT-16-001 · Create two side-by-side panels.

Only the row/column layout changes.

PLT-16-002 · Generated from the complete Bash block

layout 2,1 Two rows and one column; plot commands fill the panels
in order.

set multiplot layout 2,1

set title "Sine"

plot sin(x) notitle

set title "Cosine"

plot cos(x) notitle

unset multiplot
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PLT-16-003 / MULTIPLE PANELS

Use a two-by-two layout
Compare with PLT-16-001 · Create two side-by-side panels.

Each subsequent plot command occupies the next cell.

PLT-16-003 · Generated from the complete Bash block

layout 2,2 Two rows and two columns.

rowsfirst Fill left to right, then move down to the next row.

set multiplot layout 2,2 rowsfirst

set title "1"

plot sin(x) notitle

set title "2"

plot cos(x) notitle

set title "3"

plot sin(2*x) notitle

set title "4"

plot cos(2*x) notitle

unset multiplot
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PLT-16-004 / MULTIPLE PANELS

Fill panels down columns first
Compare with PLT-16-003 · Use a two-by-two layout.

The four plot commands stay in the same order; their cell positions
change.

PLT-16-004 · Generated from the complete Bash block

columnsfirst Fill top to bottom in a column before moving right.

set multiplot layout 2,2 columnsfirst

set title "1"

plot sin(x) notitle

set title "2"

plot cos(x) notitle

set title "3"

plot sin(2*x) notitle

set title "4"

plot cos(2*x) notitle

unset multiplot
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PLT-16-005 / MULTIPLE PANELS

Specify shared outer margins
Compare with PLT-16-001 · Create two side-by-side panels.

The four margin values place the outer panel borders in screen
coordinates.

PLT-16-005 · Generated from the complete Bash block

margins 0.10,0.95,0.16,0.88 Left, right, bottom and top positions, as canvas
fractions.

Screen fractions 0 is the left/bottom edge; 1 is the right/top edge.

set multiplot layout 1,2 margins 0.10,0.95,0.16,0.88

set title "Sine"

plot sin(x) notitle

set title "Cosine"

plot cos(x) notitle

unset multiplot

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

-10 -5 0 5 10

PLT-16-005
Sine

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

-10 -5 0 5 10

PLT-16-005
Cosine

gnuplot / ONE CHANGE AT A TIME 244



PLT-16-006 / MULTIPLE PANELS

Increase the gap between columns
Compare with PLT-16-005 · Specify shared outer margins.

Spacing separates neighbouring panel borders within the chosen
outer margins.

PLT-16-006 · Generated from the complete Bash block

spacing 0.18,0.08 Horizontal and vertical gaps in screen fractions.

0.18 Only the horizontal gap is visible in this one-row layout.

set multiplot layout 1,2 margins 0.10,0.95,0.16,0.88 spacing 0.18,0.08

set title "Sine"

plot sin(x) notitle

set title "Cosine"

plot cos(x) notitle

unset multiplot
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PLT-16-007 / MULTIPLE PANELS

Reduce the gap again
Compare with PLT-16-006 · Increase the gap between columns.

Change one spacing value while retaining the same canvas and outer
margins.

PLT-16-007 · Generated from the complete Bash block

0.06 Reduce the horizontal gap from 0.18 to 0.06; vertical
spacing stays 0.08.

set multiplot layout 1,2 margins 0.10,0.95,0.16,0.88 spacing 0.06,0.08

set title "Sine"

plot sin(x) notitle

set title "Cosine"

plot cos(x) notitle

unset multiplot
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PLT-16-008 / MULTIPLE PANELS

Add a shared figure title
Compare with PLT-16-001 · Create two side-by-side panels.

A multiplot title describes the entire panel group.

PLT-16-008 · Generated from the complete Bash block

title "Two related functions" The title belongs to the multiplot command, so it spans
the whole figure.

set multiplot layout 1,2 title "Two related functions"

set title "Sine"

plot sin(x) notitle

set title "Cosine"

plot cos(x) notitle

unset multiplot
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PLT-16-009 / MULTIPLE PANELS

Share an x scale across stacked panels
Compare with PLT-16-002 · Stack the same panels vertically.

Suppress repeated x labels in the upper panel and restore them for
the lower one. Explicit outer margins align the borders.

PLT-16-009 · Generated from the complete Bash block

format x "" Hide only the upper panel’s x tick text.

format x "%g" Restore compact numeric labels for the lower panel.

margins; spacing Shared outer borders and a small vertical gap.

xlabel Place a descriptive x label on the bottom panel only.

set xrange [0:6]

set multiplot layout 2,1 \

margins 0.10,0.95,0.16,0.92 spacing 0.04,0.04

set format x ""

plot sin(x) notitle

set format x "%g"

set xlabel "Angle / rad"

plot cos(x) notitle

unset multiplot
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PLT-16-010 / MULTIPLE PANELS

Create an inset manually
Compare with PLT-16-001 · Create two side-by-side panels.

set size and set origin position each plot within a common canvas.
Restore settings explicitly when adding more panels.

PLT-16-010 · Generated from the complete Bash block

set multiplot Begin manual panel placement without an automatic
layout.

size 1,1; origin 0,0 The first plot uses the full canvas.

size 0.34,0.38 Inset width and height as fractions of the canvas.

origin 0.58,0.54 Inset’s lower-left location in screen fractions.

object ... behind; ytics 0.5 A white background covers the main plot beneath the
inset; half-unit y ticks avoid crowded labels.

set multiplot

set size 1,1

set origin 0,0

plot sin(x) notitle

set size 0.34,0.38

set origin 0.58,0.54

set object 1 rectangle from screen 0.58,0.54 \

to screen 0.92,0.92 behind fillcolor rgb "white" \

fillstyle solid 1 noborder

set xrange [0:2]

set ytics 0.5

set title "Inset"

plot sin(x) notitle

unset multiplot
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PLT-16-011 / MULTIPLE PANELS

See settings persist between panels
New baseline: the commands below define this example.

A new plot command does not start a new session. Multiplot
advances the panel position while retaining settings such as ranges,
grids, styles and annotations.

PLT-16-011 · Generated from the complete Bash block

second plot Inherits the grid and ranges from the first panel.

layout Moves the panel; it does not reset plotting settings.

set multiplot layout 1,2

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set grid

set title "Grid enabled"

plot sin(x) with lines lw 3 notitle

set title "Grid inherited"

plot cos(x) with lines lw 3 notitle

unset multiplot
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PLT-16-012 / MULTIPLE PANELS

Clear a setting before the next panel
Compare with PLT-16-011 · See settings persist between panels.

Unset individual settings when only one panel needs them. This
retains the shared ranges and other formatting while removing the
grid from the second panel.

PLT-16-012 · Generated from the complete Bash block

unset grid Disable the inherited grid before plotting the next panel.

fresh gnuplot process Each complete tour example starts independently; its
panels still share one process.

set multiplot layout 1,2

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set grid

set title "Grid enabled"

plot sin(x) with lines lw 3 notitle

unset grid

set title "Grid explicitly removed"

plot cos(x) with lines lw 3 notitle

unset multiplot
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PLT-17-001 / TERMINALS AND OUTPUT FORMATS

Write an SVG with explicit terminal settings
New baseline: the commands below define this example.

Choose the terminal before the output filename. SVG is vector
output; its nominal pixel dimensions define the canvas and its aspect
ratio, while the paths remain scalable.

PLT-17-001 · Generated from the complete Bash block

terminal svg size 1200,600 Choose a vector SVG canvas with a 2:1 aspect ratio.

font "sans,20" Set terminal-specific font family and nominal size.

set output Open the file after selecting its terminal.

unset output Close and finish the file; supplied by the complete Bash
wrapper.

set terminal svg size 1200,600 enhanced \

font "sans,20" background rgb "white"

set output 'figures/PLT-17-001.svg'

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle (radians)"

plot sin(x) with lines lw 3 title "Sine"
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PLT-17-002 / TERMINALS AND OUTPUT FORMATS

Export the same plot as a PNG image
Compare with PLT-17-001 · Write an SVG with explicit terminal settings.

Pngcairo writes a raster image at the requested pixel resolution.
Terminal push/pop saves and restores the SVG settings for the guide
preview; the PNG is also written to figures/PLT-17-002.png.

PLT-17-002 · Generated from the complete Bash block

pngcairo size 1200,600 Write 1200 by 600 raster pixels; requires Cairo terminal
support.

term push; term pop Save and restore terminal settings; filenames must be
selected separately.

replot Render the preceding plot command again with the
restored terminal.

font sizes SVG and Cairo font metrics may differ even with the
same nominal size.

set term push

set terminal pngcairo size 1200,600 enhanced font "sans,20"

set output 'figures/PLT-17-002.png'

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle (radians)"

plot sin(x) with lines lw 3 title "Sine"

unset output

set term pop

set output 'figures/PLT-17-002.svg'

replot
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PLT-17-003 / TERMINALS AND OUTPUT FORMATS

Export a PDF at a physical page size
Compare with PLT-17-002 · Export the same plot as a PNG image.

Pdfcairo uses physical dimensions rather than raster pixels. Its font
sizes are in points. Choose a suitable physical page size for a plot
intended for print.

PLT-17-003 · Generated from the complete Bash block

pdfcairo size 12cm,6cm Write a vector PDF page twelve centimetres wide and six
high.

font "sans,10" Use a ten-point Cairo font for this smaller physical page.

terminal before output Close the previous output before restoring the terminal
and opening the next file.

set term push

set terminal pdfcairo size 12cm,6cm enhanced font "sans,10"

set output 'figures/PLT-17-003.pdf'

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle (radians)"

plot sin(x) with lines lw 3 title "Sine"

unset output

set term pop

set output 'figures/PLT-17-003.svg'

replot
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PLT-17-004 / TERMINALS AND OUTPUT FORMATS

Export a PNG with a transparent background
Compare with PLT-17-002 · Export the same plot as a PNG image.

Transparent output is useful when placing a plot over a coloured page
or slide. It affects the canvas background; transparency of curve fills
is a separate fillstyle setting.

PLT-17-004 · Generated from the complete Bash block

pngcairo transparent Give the raster canvas an alpha channel with a
transparent background.

fillstyle transparent solid Controls opacity of a filled plot element independently.

SVG preview The guide retains its white canvas; inspect the
generated PNG for its transparent background.

set term push

set terminal pngcairo transparent size 1200,600 \

enhanced font "sans,20"

set output 'figures/PLT-17-004.png'

set xrange [0:2*pi]

set yrange [-1.5:1.5]

set xlabel "Angle (radians)"

plot sin(x) with lines lw 3 title "Sine"

unset output

set term pop

set output 'figures/PLT-17-004.svg'

replot
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PLT-18-001 / BARS AND CATEGORICAL HISTOGRAMS

Start with three bars
New baseline: the commands below define this example.

A tiny datablock keeps the data beside the drawing. Here the first
column is a numeric position and the second is the bar height.

PLT-18-001 · Generated from the complete Bash block

$D << EOD Define an in-memory datablock; EOD alone ends it. The
quoted Bash heredoc preserves $D.

using 1:2 Map column 1 to x and column 2 to height.

with boxes Draw vertical boxes from zero to each y value; width is
initially inferred.

xrange [0:4]; yrange [0:9] Keep all three bars and zero visible; reserve space
above the bars.

$D << EOD

1 4

2 7

3 5

EOD

set xrange [0:4]

set yrange [0:9]

plot $D using 1:2 with boxes notitle

0

1

2

3

4

5

6

7

8

9

0 0.5 1 1.5 2 2.5 3 3.5 4

PLT-18-001

gnuplot / ONE CHANGE AT A TIME 256



PLT-18-002 / BARS AND CATEGORICAL HISTOGRAMS

Set an exact bar width
Compare with PLT-18-001 · Start with three bars.

Make the spacing between bars deliberate.

PLT-18-002 · Generated from the complete Bash block

0.65 absolute Width is 0.65 x-axis units. Positions are one unit apart,
leaving a 0.35-unit gap.

$D << EOD

1 4

2 7

3 5

EOD

set xrange [0:4]

set boxwidth 0.65 absolute

set yrange [0:9]

plot $D using 1:2 with boxes notitle
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PLT-18-003 / BARS AND CATEGORICAL HISTOGRAMS

Fill the bars
Compare with PLT-18-002 · Set an exact bar width.

Solid fill makes the areas readable; removing outlines changes the
visual weight.

PLT-18-003 · Generated from the complete Bash block

solid 1.0 Opaque fill; 1.0 is the fill density.

noborder Suppress the outline around each box.

$D << EOD

1 4

2 7

3 5

EOD

set xrange [0:4]

set boxwidth 0.65 absolute

set yrange [0:9]

set style fill solid 1.0 noborder

plot $D using 1:2 with boxes notitle
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PLT-18-004 / BARS AND CATEGORICAL HISTOGRAMS

Use category names
Compare with PLT-18-003 · Fill the bars.

The x positions stay numeric. A third column supplies the displayed
names.

PLT-18-004 · Generated from the complete Bash block

xticlabels(3) Read labels from column 3 and place them at the
corresponding x positions.

$D << EOD

1 4 "Alpha"

2 7 "Beta"

3 5 "Gamma"

EOD

set xrange [0:4]

set boxwidth 0.65 absolute

set yrange [0:9]

set style fill solid 1.0 noborder

plot $D using 1:2:xticlabels(3) with boxes notitle
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PLT-18-005 / BARS AND CATEGORICAL HISTOGRAMS

Write values above the bars
Compare with PLT-18-004 · Use category names.

Add a second plot layer using the same rows.

PLT-18-005 · Generated from the complete Bash block

sprintf("%g",$2) Format the current row's second column as compact
numeric text.

with labels Use x, y and a text expression as the three fields.

offset 0,0.8 Move text upward by 0.8 character heights; x offset is
zero.

$D << EOD

1 4 "Alpha"

2 7 "Beta"

3 5 "Gamma"

EOD

set xrange [0:4]

set boxwidth 0.65 absolute

set yrange [0:9]

set style fill solid 1.0 noborder

plot $D using 1:2:xticlabels(3) with boxes notitle, \

$D using 1:2:(sprintf("%g",$2)) \

with labels offset 0,0.8 notitle
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PLT-18-006 / BARS AND CATEGORICAL HISTOGRAMS

Colour each category
Compare with PLT-18-004 · Use category names.

Use one extra numeric field to choose an explicit RGB colour for each
row.

PLT-18-006 · Generated from the complete Bash block

0x00549F Hexadecimal integer 0xRRGGBB; its bytes encode red,
green and blue.

using 1:2:4 The third numeric plotting field provides the colour.

linecolor rgb variable Read an RGB integer from each row; the fill follows that
colour.

$D << EOD

1 4 "Alpha" 0x00549F

2 7 "Beta" 0xF6A800

3 5 "Gamma" 0x57AB27

EOD

set xrange [0:4]

set boxwidth 0.65 absolute

set yrange [0:9]

set style fill solid 1.0 noborder

plot $D using 1:2:4:xticlabels(3) \

with boxes linecolor rgb variable notitle
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PLT-18-007 / BARS AND CATEGORICAL HISTOGRAMS

Put two series side by side
Compare with PLT-18-004 · Use category names.

gnuplot calls this categorical layout a histogram. It consumes already
summarized values; it does not bin raw observations.

PLT-18-007 · Generated from the complete Bash block

style data histograms Set the default plot style for data sources.

clustered gap 1 Group series at each category; leave a gap of one bar-
width unit between clusters.

0.9 relative Use 90% of the width allocated to each bar.

using 2 / using 3 Each selected value column becomes one series; rows
become categories.

$D << EOD

Alpha 4 6

Beta 7 5

Gamma 5 8

EOD

set style data histograms

set style histogram clustered gap 1

set style fill solid 1 noborder

set boxwidth 0.9 relative

set yrange [0:10]

plot $D using 2:xticlabels(1) title "A", \

$D using 3 title "B" 0
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PLT-18-008 / BARS AND CATEGORICAL HISTOGRAMS

Widen the gap between groups
Compare with PLT-18-007 · Put two series side by side.

The group spacing changes while the categories and values stay the
same.

PLT-18-008 · Generated from the complete Bash block

gap 3 Reserve three bar-width units between neighbouring
clusters; bars become narrower in the fixed canvas.

$D << EOD

Alpha 4 6

Beta 7 5

Gamma 5 8

EOD

set style data histograms

set style histogram clustered gap 3

set style fill solid 1 noborder

set boxwidth 0.9 relative

set yrange [0:10]

plot $D using 2:xticlabels(1) title "A", \

$D using 3 title "B" 0
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PLT-18-009 / BARS AND CATEGORICAL HISTOGRAMS

Use hatching for the series
Compare with PLT-18-007 · Put two series side by side.

Pattern fill provides another cue when colour is unavailable.

PLT-18-009 · Generated from the complete Bash block

pattern Cycle through the terminal's fill patterns.

border Draw the outlines as well as the fill pattern.

$D << EOD

Alpha 4 6

Beta 7 5

Gamma 5 8

EOD

set style data histograms

set style histogram clustered gap 1

set style fill pattern border

set boxwidth 0.9 relative

set yrange [0:10]

plot $D using 2:xticlabels(1) title "A", \

$D using 3 title "B"
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PLT-18-010 / BARS AND CATEGORICAL HISTOGRAMS

Stack the series by row
Compare with PLT-18-007 · Put two series side by side.

Replace neighbouring bars with components of a total.

PLT-18-010 · Generated from the complete Bash block

rowstacked Stack the plotted columns within each row/category.

[0:15] Allow room for totals 10, 12 and 13.

$D << EOD

Alpha 4 6

Beta 7 5

Gamma 5 8

EOD

set style data histograms

set style histogram rowstacked

set style fill solid 1 noborder

set boxwidth 0.9 relative

set yrange [0:15]

plot $D using 2:xticlabels(1) title "A", \

$D using 3 title "B"
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PLT-18-011 / BARS AND CATEGORICAL HISTOGRAMS

Normalize every stack to 100 percent
Compare with PLT-18-010 · Stack the series by row.

Each row is divided by its own sum. The chart now compares
composition rather than totals.

PLT-18-011 · Generated from the complete Bash block

100.0*$2/($2+$3) Convert the first component to a percentage; the second
expression does the same for column 3.

%.0f%% Display no decimals and a literal percent sign. Rows
must have a nonzero total.

$D << EOD

Alpha 4 6

Beta 7 5

Gamma 5 8

EOD

set style data histograms

set style histogram rowstacked

set style fill solid 1 noborder

set boxwidth 0.9 relative

set yrange [0:100]

set format y "%.0f%%"

plot $D using (100.0*$2/($2+$3)):xticlabels(1) title "A", \

$D using (100.0*$3/($2+$3)) title "B"
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PLT-18-012 / BARS AND CATEGORICAL HISTOGRAMS

Turn bars horizontally
Compare with PLT-18-004 · Use category names.

Explicit rectangle bounds offer a simple horizontal bar chart and
prepare the floating-bar examples.

PLT-18-012 · Generated from the complete Bash block

boxxyerrorbars With six fields: x centre, y centre, x low, x high, y low, y
high. These bounds describe a filled rectangle.

($2/2):1:(0):2 Centre each bar halfway along its value; extend x from
zero to column 2.

($1-0.3):($1+0.3) Give each row a vertical thickness of 0.6.

[3.6:0.4] Descending explicit bounds reverse the y axis, placing
the first category at the top.

$D << EOD

1 4 Alpha

2 7 Beta

3 5 Gamma

EOD

set xrange [0:9]

set yrange [3.6:0.4]

set style fill solid 1 noborder

plot $D using ($2/2):1:(0):2:($1-0.3):($1+0.3) \

:yticlabels(3) with boxxyerrorbars notitle
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PLT-19-001 / DATA-DRIVEN GROUPING BRACKETS

Start with labelled bars
New baseline: the commands below define this example.

The single blank lines separate three groups in the inline data. Begin
by drawing every observation in one colour. Pseudo-column 0 counts
records across single blank lines, so the bars still appear evenly
spaced.

PLT-19-001 · Generated from the complete Bash block

using 0:2:xtic(1) Use record numbers for x, measurements for y and
names for tick labels.

single blank line Separate blocks without resetting the global record
number; two consecutive blank lines instead start a new
dataset.

boxwidth 0.8 Leave a small gap between neighbouring unit-spaced
bars.

$Bars << EOD

A 4

B 7

C 5

D 3

E 6

F 8

G 5

H 7

I 4

EOD

set boxwidth 0.8

set style fill solid 0.45 border

set border 3

set xtics nomirror

set ytics nomirror

set grid ytics

unset key

set ylabel "Measurement"

set yrange [0:11]

plot $Bars using 0:2:xtic(1) with boxes lc rgb "#00549F"
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PLT-19-002 / DATA-DRIVEN GROUPING BRACKETS

Leave one empty position between groups
Compare with PLT-19-001 · Start with labelled bars.

Change only the x expression. Pseudo-column -1 gives the zero-
based block number. Adding one extra position for each block leaves
a full empty slot between groups of unequal sizes.

PLT-19-002 · Generated from the complete Bash block

column(-1)+1 Convert zero-based block numbers into one-based group
numbers.

$0 + column(-1) + 1 Advance each later group by one extra slot while
keeping its bars contiguous.

set boxwidth 0.8

set style fill solid 0.45 border

set border 3

set xtics nomirror

set ytics nomirror

set grid ytics

unset key

set ylabel "Measurement"

set yrange [0:11]

plot $Bars using ($0+column(-1)+1):2:xtic(1) \

with boxes lc rgb "#00549F"
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PLT-19-003 / DATA-DRIVEN GROUPING BRACKETS

Colour bars by group
Compare with PLT-19-002 · Leave one empty position between groups.

Use the same block number as a line-type selector. Each group now
has its own colour; the tick labels continue to identify individual
observations. A fourth colour is ready for the later data-only
extension.

PLT-19-003 · Generated from the complete Bash block

lc variable Read a line-type number from the additional using
column.

set linetype 1 ... 4 Define four colours explicitly rather than relying on
terminal defaults.

set boxwidth 0.8

set style fill solid 0.45 border

set border 3

set xtics nomirror

set ytics nomirror

set grid ytics

unset key

set ylabel "Measurement"

set yrange [0:11]

set linetype 1 lc rgb "#00549F"

set linetype 2 lc rgb "#57AB27"

set linetype 3 lc rgb "#F6A800"

set linetype 4 lc rgb "#7A6FAC"

plot $Bars using ($0+column(-1)+1):2:(column(-1)+1):xtic(1) \

with boxes lc variable
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PLT-19-004 / DATA-DRIVEN GROUPING BRACKETS

Derive group labels and widths from the data
Compare with PLT-19-003 · Colour bars by group.

Count blank lines with stats, then count members while making a table
with an explicit group column. A second datablock stores each generated
name, left edge and width. Three groups of 3, 2 and 4 members begin at
edges 0.5, 4.5 and 7.5. All loops use the detected group count.

PLT-19-004 · Generated from the complete Bash block

B_blank + 1 One single blank separator between each adjacent group
gives the group count; avoid leading or trailing blank
separators.

members[g] Count each group while reading its rows into the plotting
table.

set table; with table Record names, measurements and group numbers
without drawing a figure.

left + members[g] + 1 Place the next group after the current width and one
empty slot.

B_max + 1 Place annotations above the detected tallest bar;
reserve additional space in yrange.

stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \

(g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {

print sprintf('"Group %d" %.1f %d',g,left,members[g])
left = left + members[g] + 1

}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \

$Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
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PLT-19-005 / DATA-DRIVEN GROUPING BRACKETS

Scale a bracket to each group
Compare with PLT-19-004 · Derive group labels and widths from the data.

Define one three-segment bracket in normalised coordinates. Multiply its
horizontal coordinates by the detected group width and translate it to the
group left edge. The three brackets span 3, 2 and 4 slots automatically.

PLT-19-005 · Generated from the complete Bash block

sx, sy Start coordinates of each normalised segment.

dx, dy Segment displacements; horizontal values are scaled by
group width.

for [s=1:3] Draw the same three template segments for every
group.

with vectors nohead Draw plain line segments rather than arrows.

left edge and width The first bar centre is left+0.5; the last is
left+width-0.5. The bracket spans all their unit slots.

stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \

(g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {

print sprintf('"Group %d" %.1f %d',g,left,members[g])
left = left + members[g] + 1

}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
array sx[3] = [0,0,1]
array sy[3] = [-0.4,0,0]
array dx[3] = [0,1,0]
array dy[3] = [0.4,0,-0.4]
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \

for [s=1:3] $Groups using \
($2+sx[s]*$3):(mark_y+sy[s]):(dx[s]*$3):(dy[s]) \
with vectors nohead lw 2 lc rgb "#646567", \
$Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
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PLT-19-006 / DATA-DRIVEN GROUPING BRACKETS

Add a centred stem to the reusable shape
Compare with PLT-19-005 · Scale a bracket to each group.

Extend the template with one vertical segment at normalised x=0.5. Its
x position follows the centre of any group width. Its height stays fixed in
y-axis units. This produces the bracket-and-stem grouping shape shown
in the linked demonstration using commands available in gnuplot 6.0.5.

PLT-19-006 · Generated from the complete Bash block

sx[4] = 0.5 Centre the new segment halfway across the scaled
bracket.

dy[4] = 0.4 Raise the stem by 0.4 measurement units independently
of group width.

for [s=1:4] Include the added stem in the reusable template.

stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \

(g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {

print sprintf('"Group %d" %.1f %d',g,left,members[g])
left = left + members[g] + 1

}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
array sx[4] = [0,0,1,0.5]
array sy[4] = [-0.4,0,0,0]
array dx[4] = [0,1,0,0]
array dy[4] = [0.4,0,-0.4,0.4]
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \

for [s=1:4] $Groups using \
($2+sx[s]*$3):(mark_y+sy[s]):(dx[s]*$3):(dy[s]) \
with vectors nohead lw 2 lc rgb "#646567", \
$Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
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PLT-19-007 / DATA-DRIVEN GROUPING BRACKETS

Widen a group by adding only a row
Compare with PLT-19-006 · Add a centred stem to the reusable shape.

Add J with value 5 to the second group. The commands are unchanged
from the previous step: member counts become 3, 3 and 4, the second
bracket widens, and the third group shifts right by one slot. Its centred
stem and label move with it.

PLT-19-007 · Generated from the complete Bash block

data-only change Adding J 5 before the next blank separator changes the
detected second-group width.

unchanged template and loops Statistics, offsets, labels and bracket geometry are
recomputed from the new rows.

stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \

(g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {

print sprintf('"Group %d" %.1f %d',g,left,members[g])
left = left + members[g] + 1

}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
array sx[4] = [0,0,1,0.5]
array sy[4] = [-0.4,0,0,0]
array dx[4] = [0,1,0,0]
array dy[4] = [0.4,0,-0.4,0.4]
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \

for [s=1:4] $Groups using \
($2+sx[s]*$3):(mark_y+sy[s]):(dx[s]*$3):(dy[s]) \
with vectors nohead lw 2 lc rgb "#646567", \
$Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
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PLT-19-008 / DATA-DRIVEN GROUPING BRACKETS

Detect an extra group and a new maximum
Compare with PLT-19-007 · Widen a group by adding only a row.

Append a blank separator and a fourth group containing K=12 and L=9.
Keep every command unchanged. The detected group count becomes
four and its sizes are 3, 3, 4 and 2. The new maximum raises all brackets
from y=9 to y=13 and the top of the y range from 11 to 15.

PLT-19-008 · Generated from the complete Bash block

B_blank + 1 = 4 A new separator creates another group without editing
any loop bound.

members = 3, 3, 4, 2 Every bracket width comes from the current row counts.

B_max = 12 The annotation height and plot range follow the tallest
observation automatically.

stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \

(g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {

print sprintf('"Group %d" %.1f %d',g,left,members[g])
left = left + members[g] + 1

}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
array sx[4] = [0,0,1,0.5]
array sy[4] = [-0.4,0,0,0]
array dx[4] = [0,1,0,0]
array dy[4] = [0.4,0,-0.4,0.4]
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \

for [s=1:4] $Groups using \
($2+sx[s]*$3):(mark_y+sy[s]):(dx[s]*$3):(dy[s]) \
with vectors nohead lw 2 lc rgb "#646567", \
$Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
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PLT-20-001 / FREQUENCY HISTOGRAMS AND BINNING

Bin raw observations into counts
New baseline: the commands below define this example.

Unlike categorical histograms, this recipe first groups numerical
observations. Each observation contributes one count to its bin.

PLT-20-001 · Generated from the complete Bash block

w = 1.0 Bin width in data units. Bins are [0,1), [1,2), and so on.

floor(x/w)+0.5 Round down to a bin index, then add half a bin to plot at
its centre.

smooth frequency Sort x values and sum the y contributions at equal x.

(1) Every observation contributes a count of one. Expected
counts here: 3, 5, 4, 2.

$D << EOD

0.2

0.4

0.9

1.1

1.2

1.4

1.7

1.9

2.1

2.2

2.4

2.8

3.2

3.7

EOD

w = 1.0

bin(x) = w*(floor(x/w)+0.5)

set boxwidth w absolute

set style fill solid 1 border

set xrange [0:4]

set yrange [0:6]

set xtics 1

plot $D using (bin($1)):(1) \

smooth frequency with boxes notitle
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PLT-20-002 / FREQUENCY HISTOGRAMS AND BINNING

Halve the bin width
Compare with PLT-20-001 · Bin raw observations into counts.

Narrow bins reveal finer detail but make counts more variable.

PLT-20-002 · Generated from the complete Bash block

w = 0.5 Change both the binning function and bar width through
the same variable.

$D << EOD

0.2

0.4

0.9

1.1

1.2

1.4

1.7

1.9

2.1

2.2

2.4

2.8

3.2

3.7

EOD

w = 0.5

bin(x) = w*(floor(x/w)+0.5)

set boxwidth w absolute

set style fill solid 1 border

set xrange [0:4]

set yrange [0:6]

set xtics 1

plot $D using (bin($1)):(1) \

smooth frequency with boxes notitle
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PLT-20-003 / FREQUENCY HISTOGRAMS AND BINNING

Leave small gaps between bins
Compare with PLT-20-002 · Halve the bin width.

A small gap makes the separate bins visible without changing their
boundaries or counts.

PLT-20-003 · Generated from the complete Bash block

0.9*w Draw each bar at 90% of the statistical bin width. The
bins themselves still have width w.

$D << EOD

0.2

0.4

0.9

1.1

1.2

1.4

1.7

1.9

2.1

2.2

2.4

2.8

3.2

3.7

EOD

w = 0.5

bin(x) = w*(floor(x/w)+0.5)

set boxwidth (0.9*w) absolute

set style fill solid 1 border

set xrange [0:4]

set yrange [0:6]

set xtics 1

plot $D using (bin($1)):(1) \

smooth frequency with boxes notitle

0

1

2

3

4

5

6

0 1 2 3 4

PLT-20-003

gnuplot / ONE CHANGE AT A TIME 278



PLT-20-004 / FREQUENCY HISTOGRAMS AND BINNING

Shift the bin boundaries
Compare with PLT-20-001 · Bin raw observations into counts.

Changing the origin can change the apparent pattern. The interval rule
stays left-closed and right-open.

PLT-20-004 · Generated from the complete Bash block

origin = -0.5 Start bins at -0.5, 0.5, 1.5, etc.

(x-origin)/w Measure each observation relative to the chosen origin
before rounding down.

$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
w = 1.0
origin = -0.5
bin(x) = origin+w*(floor((x-origin)/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [-0.5:4.5]
set yrange [0:6]
set xtics 1
plot $D using (bin($1)):(1) \

smooth frequency with boxes notitle
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PLT-20-005 / FREQUENCY HISTOGRAMS AND BINNING

Show probability per bin
Compare with PLT-20-001 · Bin raw observations into counts.

The bar heights now sum to one. This is a relative-frequency histogram.

PLT-20-005 · Generated from the complete Bash block

stats ... nooutput Compute summaries without printing a report.

STATS_records Number of valid observations; save it as N.

1.0/N Each observation contributes its fraction of the total.

$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
stats $D using 1 nooutput
N = STATS_records
w = 1.0
bin(x) = w*(floor(x/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:0.5]
set xtics 1
plot $D using (bin($1)):(1.0/N) \

smooth frequency with boxes notitle
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PLT-20-006 / FREQUENCY HISTOGRAMS AND BINNING

Make the histogram a density
Compare with PLT-20-005 · Show probability per bin.

For unequal bin widths or changed widths, compare areas rather than
heights. These equal-width bars have total area one.

PLT-20-006 · Generated from the complete Bash block

1.0/(N*w) Divide by both observation count and bin width; density
has units of 1/x.

Area = height * w Summing the bar areas gives one. Keep full bin widths
for this interpretation.

$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
stats $D using 1 nooutput
N = STATS_records
w = 0.5
bin(x) = w*(floor(x/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:0.8]
set xtics 1
plot $D using (bin($1)):(1.0/(N*w)) \

smooth frequency with boxes notitle

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0 1 2 3 4

PLT-20-006

gnuplot / ONE CHANGE AT A TIME 281



PLT-20-007 / FREQUENCY HISTOGRAMS AND BINNING

Display bin shares as percentages
Compare with PLT-20-005 · Show probability per bin.

Formatting changes the labels; multiplying by 100 changes the
underlying scale.

PLT-20-007 · Generated from the complete Bash block

100.0/N Each contribution is a percentage point share.

%.0f%% Append a literal percent sign to rounded integer tick
values.

$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
stats $D using 1 nooutput
N = STATS_records
w = 1.0
bin(x) = w*(floor(x/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:50]
set format y "%.0f%%"
set xtics 1
plot $D using (bin($1)):(100.0/N) \

smooth frequency with boxes notitle
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PLT-20-008 / FREQUENCY HISTOGRAMS AND BINNING

Show the empirical cumulative distribution
Compare with PLT-20-005 · Show probability per bin.

A cumulative view avoids choosing a bin width. It shows the fraction
of observations at or below each observed x.

PLT-20-008 · Generated from the complete Bash block

smooth cnormal Sort, accumulate the y contributions, and normalize the
final sum to one.

with steps Keep the cumulative level constant until the next
observation. The curve is drawn between observed x
values.

$D << EOD

0.2

0.4

0.9

1.1

1.2

1.4

1.7

1.9

2.1

2.2

2.4

2.8

3.2

3.7

EOD

set xrange [0:4]

set yrange [0:1]

set ytics 0.25

plot $D using 1:(1) smooth cnormal \

with steps linewidth 2 notitle
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PLT-21-001 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Add symmetric error bars
New baseline: the commands below define this example.

The third column specifies a distance above and below the measured
value.

PLT-21-001 · Generated from the complete Bash block

using 1:2:3 For yerrorbars, the fields mean x, y and symmetric y
error.

pointtype 7 / pointsize 1.2 Filled-circle marker at 1.2 times the terminal's base
marker size.

Error interpretation The plot does not determine whether errors are SD, SE
or confidence bounds; label the chosen meaning.

$D << EOD

1 4 0.6

2 6 1.0

3 5 0.4

4 7 0.8

EOD

set xrange [0.5:4.5]

set yrange [2:9]

plot $D using 1:2:3 with yerrorbars \

pointtype 7 pointsize 1.2 notitle
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PLT-21-002 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Connect the uncertain measurements
Compare with PLT-21-001 · Add symmetric error bars.

Draw connecting lines as well as the same error bars and markers.

PLT-21-002 · Generated from the complete Bash block

yerrorlines Combine y error bars, points and connecting line
segments.

$D << EOD

1 4 0.6

2 6 1.0

3 5 0.4

4 7 0.8

EOD

set xrange [0.5:4.5]

set yrange [2:9]

plot $D using 1:2:3 with yerrorlines \

pointtype 7 pointsize 1.2 notitle
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PLT-21-003 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Use asymmetric bounds
Compare with PLT-21-001 · Add symmetric error bars.

The low and high values are absolute endpoints, not error
magnitudes.

PLT-21-003 · Generated from the complete Bash block

x:y:ylow:yhigh Four fields select asymmetric error-bar endpoints. For
the first point the range is 3.4 to 5.0.

$D << EOD

1 4 3.4 5.0

2 6 5.0 6.6

3 5 4.6 5.8

4 7 6.2 8.4

EOD

set xrange [0.5:4.5]

set yrange [2:9]

plot $D using 1:2:3:4 with yerrorbars \

pointtype 7 pointsize 1.2 notitle
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PLT-21-004 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Show uncertainty as a ribbon
New baseline: the commands below define this example.

Two expressions define the lower and upper curves. Draw the
translucent band first, then the central line.

PLT-21-004 · Generated from the complete Bash block

using x:lower:upper Fill the region between two y values at every sampled x.

transparent solid 0.25 Use 25% opacity, allowing other plot layers to show
through.

Layer order The later central line remains visible above the filled
band.

set xrange [0:6.28]

set yrange [-1.5:1.5]

set style fill transparent solid 0.25 noborder

plot '+' using 1:(sin($1)-0.25):(sin($1)+0.25) \

with filledcurves linecolor rgb "#00549F" \

title "Band", \

sin(x) with lines linewidth 3 \

linecolor rgb "#00549F" title "Centre"
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PLT-21-005 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Summarize groups with boxplots
New baseline: the commands below define this example.

A boxplot summarizes each group's distribution instead of showing
every value as a separate bar.

PLT-21-005 · Generated from the complete Bash block

using (1):1 / (2):2 Place values from column 1 at x=1 and values from
column 2 at x=2.

with boxplot Show median, quartiles, whiskers and any selected
outliers.

Default whiskers Extend to observations within 1.5 interquartile ranges of
the box; points beyond are outliers.

$D << EOD

2 3

3 4

4 5

5 5

6 6

7 7

8 8

9 14

EOD

set style fill solid 0.4 border

set boxwidth 0.45 absolute

set style boxplot outliers pointtype 7

set xrange [0.5:2.5]

set yrange [0:16]

set xtics ("A" 1,"B" 2)

plot $D using (1):1 with boxplot notitle, \

$D using (2):2 with boxplot notitle
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PLT-21-006 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Change the boxplot whisker rule
Compare with PLT-21-005 · Summarize groups with boxplots.

A range of 0.25 makes the outlier threshold much tighter. The
median and quartiles do not change.

PLT-21-006 · Generated from the complete Bash block

range 0.25 Limit whiskers to observations within a quarter
interquartile range beyond the nearer quartile; more
points become outliers.

$D << EOD

2 3

3 4

4 5

5 5

6 6

7 7

8 8

9 14

EOD

set style fill solid 0.4 border

set boxwidth 0.45 absolute

set style boxplot range 0.25 outliers pointtype 7

set xrange [0.5:2.5]

set yrange [0:16]

set xtics ("A" 1,"B" 2)

plot $D using (1):1 with boxplot notitle, \

$D using (2):2 with boxplot notitle
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PLT-21-007 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Encode a third quantity as bubble area
New baseline: the commands below define this example.

Point size controls a linear marker dimension. Taking the square root
makes marker area proportional to the chosen value.

PLT-21-007 · Generated from the complete Bash block

sqrt($3) Convert an area quantity to a radius/diameter scale.

pointsize variable Read the marker-size multiplier from the third plotting
field.

Comparability Use one scale factor throughout the chart; the numerical
sizes remain terminal-relative.

$D << EOD

1 2 1

2 4 4

3 3 9

4 5 16

EOD

set xrange [0:5]

set yrange [0:6]

plot $D using 1:2:(sqrt($3)) with points \

pointtype 7 pointsize variable \

linecolor rgb "#00549F" notitle
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PLT-21-008 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Draw vectors from component data
New baseline: the commands below define this example.

The last two columns are displacements, so arrows can represent
direction and magnitude.

PLT-21-008 · Generated from the complete Bash block

x:y:dx:dy Arrow starts at (x,y) and ends at (x+dx,y+dy).

head filled Add a filled arrowhead at the end.

size screen 0.02,20,60 Head length is 2% of canvas width; head-side and back
angles are 20 and 60 degrees.

$D << EOD

0 0 1 0.5

1 0 0.5 1

0 1 -0.5 0.5

1 1 -0.8 -0.4

EOD

set xrange [-1:2]

set yrange [-0.5:2]

set size ratio -1

plot $D using 1:2:3:4 with vectors \

head filled size screen 0.02,20,60 \

linewidth 2 notitle -0.5
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PLT-21-009 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Begin a price chart with closing values
New baseline: the commands below define this example.

Six fictional sessions contain session, open, low, high and close
columns. Begin with closing values; later steps reveal information
this line cannot show.

PLT-21-009 · Generated from the complete Bash block

using 1:5 Select session and close; columns 2–4 are not yet
plotted.

$Prices Synthetic OHLC data: low is below both open and close.

$Prices << EOD

1 101 99 106 104

2 104 102 108 103

3 103 101 109 107

4 107 104 110 105

5 105 103 112 110

6 110 106 113 108

EOD

set xrange [0.4:6.6]

set yrange [97:115]

set xlabel "Session"

set ylabel "Synthetic price"

set xtics 1

set grid ytics

set key top left

plot $Prices using 1:5 with linespoints lw 2 pt 7 lc rgb "#00549F" title

"Close"
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PLT-21-010 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Show open, close, low and high as candlesticks
Compare with PLT-21-009 · Begin a price chart with closing values.

Replace the closing line with candle bodies and wicks. The box spans
open to close; the wick spans low to high. Empty fill gives the
conventional open/close-dependent hollow or solid body.

PLT-21-010 · Generated from the complete Bash block

using 1:2:3:4:5 Order is x, open, low, high, close.

boxwidth 0.55 absolute Set body width in session-axis units.

set xrange [0.4:6.6]

set yrange [97:115]

set xlabel "Session"

set ylabel "Synthetic price"

set xtics 1

set grid ytics

set key top left

set boxwidth 0.55 absolute

set style fill empty

plot $Prices using 1:2:3:4:5 with candlesticks lw 2 lc rgb "#00549F" title

"Open / close; low / high"
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PLT-21-011 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Narrow the candlestick bodies
Compare with PLT-21-010 · Show open, close, low and high as candlesticks.

Change only the body width. Narrower rectangles leave more space
between sessions without changing any price or wick length.

PLT-21-011 · Generated from the complete Bash block

boxwidth 0.28 absolute Only the horizontal candle body width changes.

set xrange [0.4:6.6]

set yrange [97:115]

set xlabel "Session"

set ylabel "Synthetic price"

set xtics 1

set grid ytics

set key top left

set boxwidth 0.28 absolute

set style fill empty

plot $Prices using 1:2:3:4:5 with candlesticks lw 2 lc rgb "#00549F" title

"Open / close; low / high"
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PLT-21-012 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Colour rising and falling sessions from the data
Compare with PLT-21-011 · Narrow the candlestick bodies.

Compute an RGB colour per candle and use solid fill. RWTH turquoise
means close is at least open; RWTH orange means close is below
open. Colours update from the data rather than a session-number
list.

PLT-21-012 · Generated from the complete Bash block

$5 >= $2 Compare each close with its opening value.

lc rgb variable Read a packed RGB colour from the extra using column.

set xrange [0.4:6.6]

set yrange [97:115]

set xlabel "Session"

set ylabel "Synthetic price"

set xtics 1

set grid ytics

set key top left

set boxwidth 0.28 absolute

set style fill solid 0.75 border

plot $Prices using 1:2:3:4:5:($5 >= $2 ? 0x0098A1 : 0xF6A800) \

with candlesticks lw 2 lc rgb variable title "Green: rise; orange: fall"
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PLT-21-013 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Annotate the automatically detected high and low
Compare with PLT-21-012 · Colour rising and falling sessions from the data.

Compute extrema before setting ranges. Use each returned record
index to retrieve the correct session. Change an OHLC row and both
labels move automatically.

PLT-21-013 · Generated from the complete Bash block

stats ... name "Low" / "High" Find extrema and their zero-based record indices.

every ::index::index Select the record containing an extreme.

set table Capture selected coordinates for the labelled overlay.

stats $Prices using 3 name "Low" nooutput

stats $Prices using 4 name "High" nooutput

set table $LowPoint

plot $Prices every ::Low_index_min::Low_index_min using 1:3 with table

unset table

set table $HighPoint

plot $Prices every ::High_index_max::High_index_max using 1:4 with table

unset table

set xrange [0.4:6.6]

set yrange [97:115]

set xlabel "Session"

set ylabel "Synthetic price"

set xtics 1

set grid ytics

set key top left

set boxwidth 0.28 absolute

set style fill solid 0.75 border

plot $Prices using 1:2:3:4:5:($5 >= $2 ? 0x0098A1 : 0xF6A800) \

with candlesticks lw 2 lc rgb variable title "Session range", \

$LowPoint using 1:2:(sprintf("Low %.0f",Low_min)) \

with labels offset 0,-1 tc rgb "#0098A1" notitle, \

$HighPoint using 1:2:(sprintf("High %.0f",High_max)) \

with labels offset 0,1 tc rgb "#F6A800" notitle

print sprintf("OHLC: low=%.0f row=%d high=%.0f 

row=%d",Low_min,Low_index_min,High_max,High_index_max)
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PLT-21-014 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

See why repeated points hide observations
New baseline: the commands below define this example.

Two fictional methods have nine duration measurements each,
including repeats. Identical points overlap exactly. All eighteen rows
remain in the full Bash fixture; only eight distinct positions are
visible.

PLT-21-014 · Generated from the complete Bash block

repeated rows Separate observations can share the same coordinates.

complete Bash script Open it to see all eighteen measurements.

set xrange [0.4:2.6]

set yrange [2.2:7.8]

set xtics ("Method A" 1,"Method B" 2)

set ylabel "Duration (minutes)"

set grid ytics

unset key

plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F" 3
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PLT-21-015 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Separate overlapping observations with jitter
Compare with PLT-21-014 · See why repeated points hide observations.

Enable bee-swarm arrangement. gnuplot displaces overlapping
symbols horizontally while retaining their duration coordinates.
Horizontal spread is a drawing aid, not measurement uncertainty.

PLT-21-015 · Generated from the complete Bash block

set jitter swarm Separate symbols along x; preserve every y value.

horizontal displacement A layout effect, not additional observed data.

set xrange [0.4:2.6]

set yrange [2.2:7.8]

set xtics ("Method A" 1,"Method B" 2)

set ylabel "Duration (minutes)"

set grid ytics

unset key

set jitter swarm

plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F"
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PLT-21-016 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Increase the swarm separation
Compare with PLT-21-015 · Separate overlapping observations with jitter.

Change only the spread multiplier to make duplicates easier to count.
Default spacing uses terminal character size, so appearance depends
on font and canvas dimensions.

PLT-21-016 · Generated from the complete Bash block

spread 1.8 Scale horizontal symbol displacement.

terminal character units Font or canvas changes can alter swarm appearance.

set xrange [0.4:2.6]

set yrange [2.2:7.8]

set xtics ("Method A" 1,"Method B" 2)

set ylabel "Duration (minutes)"

set grid ytics

unset key

set jitter swarm spread 1.8

plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F"
3

4

5

6

7

Method A Method B

D
u
ra

ti
on

(m
in

u
te

s)

PLT-21-016

gnuplot / ONE CHANGE AT A TIME 299



PLT-21-017 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Limit horizontal displacement with wrap
Compare with PLT-21-016 · Increase the swarm separation.

Keep the larger spacing but bound the swarm width. Wrapping can
reintroduce crowding in dense groups; inspect the result rather than
assuming every symbol stays isolated.

PLT-21-017 · Generated from the complete Bash block

wrap 3 Limit horizontal displacement in character units.

set xrange [0.4:2.6]

set yrange [2.2:7.8]

set xtics ("Method A" 1,"Method B" 2)

set ylabel "Duration (minutes)"

set grid ytics

unset key

set jitter swarm spread 1.8 wrap 3

plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F"
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PLT-21-018 / UNCERTAINTY, DISTRIBUTIONS AND SYMBOLS

Overlay automatically computed group means
Compare with PLT-21-017 · Limit horizontal displacement with wrap.

Calculate each method’s mean, then overlay a labelled summary.
Individual points retain their original y values. Each summary clause
has only one point per group, so its mean markers have no
overlapping peers to displace.

PLT-21-018 · Generated from the complete Bash block

stats ... ? $2 : 1/0 Select each group before calculating its mean.

one mean per group The summary clause has no overlapping peers, so its
markers remain centred.

$Means Create a computed two-row summary table.

stats $Times using ($1==1 ? $2 : 1/0) name "A" nooutput

stats $Times using ($1==2 ? $2 : 1/0) name "B" nooutput

set print $Means

print sprintf("1 %.8f",A_mean)

print sprintf("2 %.8f",B_mean)

set print

set xrange [0.4:2.6]

set yrange [2.2:7.8]

set xtics ("Method A" 1,"Method B" 2)

set ylabel "Duration (minutes)"

set grid ytics

unset key

set jitter swarm spread 1.8 wrap 3

plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F", \

$Means using 1:2 with points pt 2 ps 2.4 lw 3 \

lc rgb "#F6A800" title "Mean", \

$Means using 1:2:(sprintf("mean %.2f",$2)) with labels \

offset 6,0 tc rgb "#F6A800" notitle

print sprintf("swarm means: A=%.8f B=%.8f",A_mean,B_mean)
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PLT-22-001 / SCATTER PLOTS AND PCA

Plot prepared PCA scores
New baseline: the commands below define this example.

Plot PC1 against PC2 for 54 synthetic samples. PCA was calculated
from four centred, standardised variables before plotting; the axis
percentages report its explained variance. The prepared score table is
included in the complete Bash block, so this example runs with
gnuplot alone.

PLT-22-001 · Generated from the complete Bash block

$Scores using 1:2 Read the first two component scores from the inline
table in the complete Bash block.

with points pt 7 ps 1.25 Draw separate circular observations without joining
them.

58.7% / 40.3% Variance explained by PC1 and PC2, computed during
PCA; gnuplot does not calculate these percentages.

size ratio -1; zeroaxes Keep equal score units in both directions and show
where each component score is zero.

set border 3 lw 1.2 lc rgb "#9C9E9F"

set tics nomirror out

set grid back lc rgb "#ECEDED"

set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set size ratio -1

set xrange [-4:4]

set yrange [-3.2:3.2]

set xlabel "PC1 (58.7% explained variance)"

set ylabel "PC2 (40.3%)"

unset key

plot $Scores using 1:2 with points pt 7 ps 1.25 lc rgb "#00549F"
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PLT-22-002 / SCATTER PLOTS AND PCA

Distinguish PCA groups by colour and symbol
Compare with PLT-22-001 · Plot prepared PCA scores.

Use three colours and three shapes to distinguish the sample groups.
Group labels describe the observations; all samples share the same
PCA transformation. The complete Bash block includes the same 54
prepared score rows as PLT-22-001.

PLT-22-002 · Generated from the complete Bash block

$4==g ? $1 : 1/0 Plot the PC1 coordinate only for rows belonging to group
g; skip other rows.

ls g Use the matching colour, point symbol and size from a
numbered line style.

word(...,g); key opaque Name each group and give its legend a white
background.

set border 3 lw 1.2 lc rgb "#9C9E9F"

set tics nomirror out

set grid back lc rgb "#ECEDED"

set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set size ratio -1

set xrange [-4:4]

set yrange [-3.2:3.2]

set xlabel "PC1 (58.7% explained variance)"

set ylabel "PC2 (40.3%)"

set style line 1 lc rgb "#00549F" pt 7 ps 1.25

set style line 2 lc rgb "#F6A800" pt 5 ps 1.25

set style line 3 lc rgb "#0098A1" pt 9 ps 1.25

set key top right font ",16" opaque

plot for [g=1:3] $Scores using ($4==g ? $1 : 1/0):2 \

with points ls g title word("Group-A Group-B Group-C",g)
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PLT-22-003 / SCATTER PLOTS AND PCA

Label selected PCA samples
Compare with PLT-22-002 · Distinguish PCA groups by colour and symbol.

Label one selected sample near the top of each group. Selective
annotation keeps the scatter readable. The complete Bash block
contains both the 54 score rows and the three matching label
positions.

PLT-22-003 · Generated from the complete Bash block

$Labels using 1:2:3 Read the selected PC1, PC2 and quoted sample
identifier.

with labels offset 0,1 Place each identifier one character-height above its
point.

notitle Keep annotation text out of the group legend.

set border 3 lw 1.2 lc rgb "#9C9E9F"

set tics nomirror out

set grid back lc rgb "#ECEDED"

set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set size ratio -1

set xrange [-4:4]

set yrange [-3.2:3.2]

set xlabel "PC1 (58.7% explained variance)"

set ylabel "PC2 (40.3%)"

set style line 1 lc rgb "#00549F" pt 7 ps 1.25

set style line 2 lc rgb "#F6A800" pt 5 ps 1.25

set style line 3 lc rgb "#0098A1" pt 9 ps 1.25

set key top right font ",16" opaque

plot for [g=1:3] $Scores using ($4==g ? $1 : 1/0):2 \

with points ls g title word("Group-A Group-B Group-C",g), \

$Labels using 1:2:3 with labels offset 0,1 \

font ",16" textcolor rgb "#646567" notitle
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PLT-22-004 / SCATTER PLOTS AND PCA

Draw PCA group-spread ellipses
Compare with PLT-22-002 · Distinguish PCA groups by colour and symbol.

These ellipses describe group spread, with semiaxes of two sample
standard deviations along each group covariance eigenvector. They
are not confidence regions for a group mean. Their centres,
diameters and angles were prepared from the scores and are
included in the complete Bash block.

PLT-22-004 · Generated from the complete Bash block

using 1:2:3:4:5:6 Read centre x/y, major/minor diameters, angle in
degrees, and group colour index.

diameters = 4*sqrt(eigenvalue) Full ellipse diameters correspond to semiaxes of two
standard deviations.

units xy; size ratio -1 Interpret ellipse geometry in score coordinates,
preserving equal physical axis scales.

lc variable; transparent solid
0.12

Match group colours and keep observations visible
through the fill.

set border 3 lw 1.2 lc rgb "#9C9E9F"

set tics nomirror out

set grid back lc rgb "#ECEDED"

set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set size ratio -1

set xrange [-4:4]

set yrange [-3.2:3.2]

set xlabel "PC1 (58.7% explained variance)"

set ylabel "PC2 (40.3%)"

set style line 1 lc rgb "#00549F" pt 7 ps 1.25

set style line 2 lc rgb "#F6A800" pt 5 ps 1.25

set style line 3 lc rgb "#0098A1" pt 9 ps 1.25

set key top right font ",16" opaque

set linetype 1 lc rgb "#00549F"

set linetype 2 lc rgb "#F6A800"

set linetype 3 lc rgb "#0098A1"

set style fill transparent solid 0.12 border

plot $Ellipses using 1:2:3:4:5:6 \

with ellipses units xy lc variable lw 2 notitle, \

for [g=1:3] $Scores using ($4==g ? $1 : 1/0):2 \

with points ls g title word("Group-A Group-B Group-C",g)
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PLT-22-005 / SCATTER PLOTS AND PCA

Colour PCA points by a continuous measurement
Compare with PLT-22-001 · Plot prepared PCA scores.

Colour the same scores by the original synthetic mass measurement
instead of discrete group membership. The colourbar describes mass,
while position still describes PC1 and PC2. All 54 score rows and
mass values are included in the complete Bash block.

PLT-22-005 · Generated from the complete Bash block

using 1:2:5 Read PC1 and PC2 for position and column five for the
colour value.

lc palette; cbrange [160:260] Map mass to a continuous colour scale over an explicit
common range.

palette defined; cblabel Set colour anchors and explain the separate
measurement encoded by colour.

set border 3 lw 1.2 lc rgb "#9C9E9F"

set tics nomirror out

set grid back lc rgb "#ECEDED"

set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set size ratio -1

set xrange [-4:4]

set yrange [-3.2:3.2]

set xlabel "PC1 (58.7% explained variance)"

set ylabel "PC2 (40.3%)"

unset key

set palette defined (0 "#7A6FAC",0.5 "#0098A1",1 "#F6A800")

set cbrange [160:260]

set cblabel "Mass (synthetic units)"

plot $Scores using 1:2:5 with points pt 7 ps 1.4 lc palette
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PLT-22-006 / SCATTER PLOTS AND PCA

Overlay variable arrows in a PCA biplot
Compare with PLT-22-002 · Distinguish PCA groups by colour and symbol.

Overlay variable-PC correlations, magnified by 2.5 for visibility, on
the group score plot. These arrows use the same component signs as
the scores. Their displayed lengths are scaled correlations, not score
distances; this scaling should be stated whenever the plot is shared.

PLT-22-006 · Generated from the complete Bash block

$Loadings Inline columns contain each variable correlation with
PC1, its correlation with PC2, and its name.

with vectors; (0):(0):dx:dy Draw arrows from the origin with the specified
displacements.

arrow_scale = 2.5 Magnify correlations for readability; this is not an
additional PCA computation.

labels at 1.1 times the
endpoints

Place variable names just beyond the arrowheads.

set border 3 lw 1.2 lc rgb "#9C9E9F"

set tics nomirror out

set grid back lc rgb "#ECEDED"

set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2

set size ratio -1

set xrange [-4:4]

set yrange [-3.2:3.2]

set xlabel "PC1 (58.7% explained variance)"

set ylabel "PC2 (40.3%)"

set style line 1 lc rgb "#00549F" pt 7 ps 1.25

set style line 2 lc rgb "#F6A800" pt 5 ps 1.25

set style line 3 lc rgb "#0098A1" pt 9 ps 1.25

set key top right font ",16" opaque

arrow_scale = 2.5

set label 1 "Arrows: variable-PC correlations x 2.5" \

at graph 0.02,0.03 front font ",13" textcolor rgb "#7A6FAC"

plot $Loadings using (0):(0):($1*arrow_scale):($2*arrow_scale) \

with vectors head filled lw 2 lc rgb "#7A6FAC" notitle, \

for [g=1:3] $Scores using ($4==g ? $1 : 1/0):2 \

with points ls g title word("Group-A Group-B Group-C",g), \

$Loadings using ($1*arrow_scale*1.1):($2*arrow_scale*1.1):3 \

with labels center font ",16" textcolor rgb "#7A6FAC" notitle
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PLT-22-007 / SCATTER PLOTS AND PCA

Connect multiple measurements with parallel axes
New baseline: the commands below define this example.

Each of six design alternatives becomes one polyline through cost,
runtime and mass. Separate axes allow different units; read each
scale rather than treating all positions as a shared numeric y
coordinate.

PLT-22-007 · Generated from the complete Bash block

with parallelaxes Connect columns from the same row across separate
axes.

using 2, ... using 3, ... using
4

Select cost, runtime and mass; column 1 is the group.

paxis i tics Show each vertical axis’s numeric scale.

$Design << EOD

1 70 4 8

1 85 5 9

1 65 3 7

2 110 8 5

2 125 9 4

2 100 7 6

EOD

set style data parallelaxes

unset border

unset ytics

unset key

set xrange [0.7:3.3]

set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0

set bmargin 4

set for [i=1:3] paxis i tics

plot $Design using 2 lw 2 lc rgb "#00549F", \

$Design using 3, $Design using 4
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PLT-22-008 / SCATTER PLOTS AND PCA

Fix meaningful ranges for each parallel axis
Compare with PLT-22-007 · Connect multiple measurements with parallel axes.

Replace automatic ranges with explicit reference intervals. This
avoids exaggerating small variations and makes data updates
comparable against the same scales.

PLT-22-008 · Generated from the complete Bash block

paxis 1/2/3 range Set independent cost, runtime and mass ranges.

set style data parallelaxes

unset border

unset ytics

unset key

set xrange [0.7:3.3]

set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0

set bmargin 4

set for [i=1:3] paxis i tics

set paxis 1 range [0:150]

set paxis 2 range [0:10]

set paxis 3 range [0:12]

plot $Design using 2 lw 2 lc rgb "#00549F", \

$Design using 3, $Design using 4
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PLT-22-009 / SCATTER PLOTS AND PCA

Colour parallel lines by design group
Compare with PLT-22-008 · Fix meaningful ranges for each parallel axis.

Add a colour value to the first parallel-axis clause. It follows each row
across all three axes. Blue designs cost less and run for less time but
have higher mass; orange designs favour runtime and lower mass.

PLT-22-009 · Generated from the complete Bash block

using 2:(colour) The first clause supplies colour for all segments of a row.

column 1 Groups designs; it is not a plotted measurement.

set style data parallelaxes

unset border

unset ytics

unset key

set xrange [0.7:3.3]

set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0

set bmargin 4

set for [i=1:3] paxis i tics

set paxis 1 range [0:150]

set paxis 2 range [0:10]

set paxis 3 range [0:12]

plot $Design using 2:($1==1 ? 0x00549F : 0xF6A800) \

lw 2 lc rgb variable, $Design using 3, $Design using 4
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PLT-22-010 / SCATTER PLOTS AND PCA

Reverse the cost axis to align preferences
Compare with PLT-22-009 · Colour parallel lines by design group.

Reverse only cost. Lower cost and longer runtime now appear higher;
mass still needs reversal for lower values to appear higher. Reversing
an axis changes visual direction rather than stored measurements.

PLT-22-010 · Generated from the complete Bash block

range [0:150] reverse Place lower costs near the top while retaining cost units.

set style data parallelaxes

unset border

unset ytics

unset key

set xrange [0.7:3.3]

set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0

set bmargin 4

set for [i=1:3] paxis i tics

set paxis 1 range [0:150]

set paxis 2 range [0:10]

set paxis 3 range [0:12]

set paxis 1 range [0:150] reverse

plot $Design using 2:($1==1 ? 0x00549F : 0xF6A800) \

lw 2 lc rgb variable, $Design using 3, $Design using 4
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PLT-22-011 / SCATTER PLOTS AND PCA

Align all axes so higher means preferable
Compare with PLT-22-010 · Reverse the cost axis to align preferences.

Reverse mass too: lower cost, longer runtime and lower mass all
appear towards the top. Label the units. Crossing lines expose trade-
offs; separate scales do not assign objective weights or rank
alternatives.

PLT-22-011 · Generated from the complete Bash block

paxis 3 ... reverse Place lower mass higher on its own axis.

explicit units Each axis has a different meaning and range.

set style data parallelaxes

unset border

unset ytics

unset key

set xrange [0.7:3.3]

set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0

set bmargin 4

set for [i=1:3] paxis i tics

set paxis 1 range [0:150]

set paxis 2 range [0:10]

set paxis 3 range [0:12]

set paxis 1 range [0:150] reverse

set paxis 3 range [0:12] reverse

set xtics ("Cost (EUR)" 1,"Runtime (h)" 2,"Mass (kg)" 3) scale 0

set title "Blue: low cost; orange: longer runtime and lower mass"

plot $Design using 2:($1==1 ? 0x00549F : 0xF6A800) \

lw 2 lc rgb variable, $Design using 3, $Design using 4
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PLT-23-001 / COLOUR SCALES AND MAP LAYOUT

Start with a simple colour map
New baseline: the commands below define this example.

A map view projects a coloured surface onto the x/y plane. This is
the baseline for the colourbar examples.

PLT-23-001 · Generated from the complete Bash block

splot Draw a three-dimensional function or dataset.

sin(x)*cos(y) Surface height is a product of two simple functions.

isosamples 50,50 Sample 50 grid lines in each direction.

view map; with pm3d Look down from above and colour the sampled surface.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-002 / COLOUR SCALES AND MAP LAYOUT

Choose a diverging palette
Compare with PLT-23-001 · Start with a simple colour map.

Three specified colour anchors make zero a neutral midpoint.

PLT-23-002 · Generated from the complete Bash block

palette defined Interpolate colours between specified value/colour pairs.

−1 blue; 0 white; 1 red Three palette anchors; their values define the palette’s
internal scale.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

set palette defined (-1 "#00549F", \

0 "#FFFFFF", 1 "#CC071E")

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-003 / COLOUR SCALES AND MAP LAYOUT

Expand the colour range
Compare with PLT-23-002 · Choose a diverging palette.

The same values now occupy the middle half of the palette, so the
colours become less saturated. Fixed limits can be reused across
related figures.

PLT-23-003 · Generated from the complete Bash block

cbrange Range of values mapped to the colour palette.

[-2:2] Map −2 and 2 to the endpoints; the plotted values still
lie near −1 to 1.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

set palette defined (-1 "#00549F", \

0 "#FFFFFF", 1 "#CC071E")

set cbrange [-2:2]

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-004 / COLOUR SCALES AND MAP LAYOUT

Set colourbar tick spacing
Compare with PLT-23-003 · Expand the colour range.

Colourbar ticks have their own axis-like controls.

PLT-23-004 · Generated from the complete Bash block

cbtics Major colourbar tick settings.

1 A labelled colourbar tick every one unit, reducing the
number of labels.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

set palette defined (-1 "#00549F", \

0 "#FFFFFF", 1 "#CC071E")

set cbrange [-2:2]

set cbtics 1

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-005 / COLOUR SCALES AND MAP LAYOUT

Label the colourbar
Compare with PLT-23-004 · Set colourbar tick spacing.

A colourbar label explains what the colours represent.

PLT-23-005 · Generated from the complete Bash block

cblabel Text label beside the colourbar.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

set palette defined (-1 "#00549F", \

0 "#FFFFFF", 1 "#CC071E")

set cbrange [-2:2]

set cbtics 1

set cblabel "Surface value"

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-006 / COLOUR SCALES AND MAP LAYOUT

Hide the colourbar
Compare with PLT-23-005 · Label the colourbar.

The surface stays coloured, but the colour key is removed.

PLT-23-006 · Generated from the complete Bash block

colorbox The rectangular colourbar and its scale.

unset Hide it; the palette still colours the plot.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

set palette defined (-1 "#00549F", \

0 "#FFFFFF", 1 "#CC071E")

set cbrange [-2:2]

set cbtics 1

set cblabel "Surface value"

unset colorbox

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-007 / COLOUR SCALES AND MAP LAYOUT

Place a horizontal colourbar
Compare with PLT-23-005 · Label the colourbar.

An explicitly positioned colourbar needs reserved space below the
map.

PLT-23-007 · Generated from the complete Bash block

horizontal user Use a horizontal bar with explicit placement.

origin 0.22,0.22 Lower-left corner in screen fractions.

size 0.56,0.04 Width and height as screen fractions.

bmargin 0.30; offset Reserve lower space; move the colourbar label half a
character height downward.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

set palette defined (-1 "#00549F", \

0 "#FFFFFF", 1 "#CC071E")

set cbrange [-2:2]

set cbtics 1

set bmargin at screen 0.30

set colorbox horizontal user \

origin 0.22,0.22 size 0.56,0.04

set cblabel "Surface value" offset 0,-0.5

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-008 / COLOUR SCALES AND MAP LAYOUT

Reduce a palette to discrete colour bands
Compare with PLT-23-002 · Choose a diverging palette.

A small maximum colour count makes the continuous surface appear
in bands. The data values remain continuous; only the displayed
palette is quantized.

PLT-23-008 · Generated from the complete Bash block

palette maxcolors 7 Use seven discrete colours for the palette mapping.

maxcolors 0 Restore an unrestricted continuous palette.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

set palette defined (-1 "#00549F", 0 "white", 1 "#CC071E")

set palette maxcolors 7

set cbrange [-1:1]

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-009 / COLOUR SCALES AND MAP LAYOUT

Reverse the palette direction
Compare with PLT-23-002 · Choose a diverging palette.

A negative palette reverses which end of the colour gradient
represents low and high values. It leaves the data and colour range
unchanged.

PLT-23-009 · Generated from the complete Bash block

palette negative Reverse the colour gradient.

palette positive Restore the forward direction.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 50,50

set view map

set palette defined (-1 "#00549F", 0 "white", 1 "#CC071E")

set palette negative

set cbrange [-1:1]

splot sin(x)*cos(y) with pm3d notitle
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PLT-23-010 / COLOUR SCALES AND MAP LAYOUT

Use a logarithmic colour scale
New baseline: the commands below define this example.

Logarithmic colour mapping gives equal visual space to equal ratios.
Every colour value and both colour-range limits must be positive.

PLT-23-010 · Generated from the complete Bash block

logscale cb 10 Apply base-10 logarithmic mapping to the colour axis.

cbrange [1:1000] Cover three positive decades.

format cb Format colourbar labels separately from x and y labels.

set xrange [0:3]

set yrange [0:3]

set isosamples 50,50

set view map

set palette defined (0 "#E8F1FA", 1 "#8EBAE5", 2 "#00549F")

set cbrange [1:1000]

set logscale cb 10

set format cb "10^{%L}"

set cblabel "Magnitude (log scale)"

splot 10**((x+y)/2) with pm3d notitle
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PLT-23-011 / COLOUR SCALES AND MAP LAYOUT

Colour points using a third data column
New baseline: the commands below define this example.

The extra using column supplies the value mapped through the
palette. Point size stays constant, so colour alone represents the third
quantity.

PLT-23-011 · Generated from the complete Bash block

using 1:2:3 Read x, y, and the palette value from three columns.

lc palette Map each third-column value through cbrange and the
palette.

ps 3 Hold symbol size constant.

$D << EOD

1 2 10

2 4 25

3 3 50

4 5 75

5 2 100

EOD

set xrange [0:6]

set yrange [0:6]

set palette defined (0 "#E8F1FA", 1 "#8EBAE5", 2 "#00549F")

set cbrange [0:100]

set cblabel "Score"

plot $D using 1:2:3 with points pt 7 ps 3 \

lc palette notitle
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PLT-23-012 / COLOUR SCALES AND MAP LAYOUT

Share one colourbar across two panels
New baseline: the commands below define this example.

Matching palettes and colour ranges are essential for comparable
panels. Reserve space once, hide the first panel colourbar, and draw
a single explicitly positioned colourbar with the second.

PLT-23-012 · Generated from the complete Bash block

same cbrange Ensure a given colour means the same value in both
panels.

margins ... 0.82 Reserve the right part of the canvas for a shared
colourbar.

colorbox ... user Place that colourbar in canvas coordinates.

unset colorbox Suppress duplicate colourbars.

set multiplot layout 1,2 \

margins 0.08,0.82,0.15,0.85 spacing 0.07,0.05

set xrange [-3:3]

set yrange [-3:3]

set cbrange [-1:1]

set palette defined (-1 "#00549F", 0 "white", 1 "#CC071E")

set view map

set isosamples 50,50

unset colorbox

set title "sin(x) cos(y)"

splot sin(x)*cos(y) with pm3d notitle

set colorbox vertical user origin 0.87,0.15 size 0.02,0.70

set cblabel "Shared value"

set title "cos(x) sin(y)"

splot cos(x)*sin(y) with pm3d notitle

unset multiplot
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PLT-24-001 / MATRIX HEATMAPS

Draw a heatmap from a matrix
New baseline: the commands below define this example.

Each matrix entry becomes one coloured cell. Columns give x and
rows give y, both starting at zero. The first row appears at the
bottom; these are cell values, rather than a sampled surface.

PLT-24-001 · Generated from the complete Bash block

matrix with image pixels Map a rectangular matrix to equally spaced cells using
the palette.

pixels Draw cells individually so browsers and PDF renderers
preserve sharp boundaries rather than smoothing a tiny
embedded bitmap.

x/y ranges Half-cell padding keeps the outside cells complete.

size ratio -1 Give x and y equal physical units, making these cells
square.

cbrange [0:10] Keep the value-to-colour mapping fixed across
comparisons.

$M << EOD

2 5 8 6

4 9 3 7

1 6 5 10

EOD

unset key

set size ratio -1

set xrange [-0.5:3.5]

set yrange [-0.5:2.5]

set xtics 1 nomirror scale 0

set ytics 1 nomirror scale 0

set cbrange [0:10]

set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")

set cblabel "Score"

plot $M matrix with image pixels
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PLT-24-002 / MATRIX HEATMAPS

Put the first matrix row at the top
Compare with PLT-24-001 · Draw a heatmap from a matrix.

Reverse the y range for a table-like display. The data and palette
remain unchanged; only the vertical reading direction changes.

PLT-24-002 · Generated from the complete Bash block

yrange [2.5:-0.5] Display row zero above rows one and two.

matrix row order The input still lists rows in their original order.

$M << EOD

2 5 8 6

4 9 3 7

1 6 5 10

EOD

unset key

set size ratio -1

set xrange [-0.5:3.5]

set yrange [2.5:-0.5]

set xtics 1 nomirror scale 0

set ytics 1 nomirror scale 0

set cbrange [0:10]

set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")

set cblabel "Score"

plot $M matrix with image pixels
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PLT-24-003 / MATRIX HEATMAPS

Label heatmap rows and columns
Compare with PLT-24-002 · Put the first matrix row at the top.

Replace numeric cell coordinates with category names. Tick positions
stay at cell centres, while the colourbar still describes the numeric
scores.

PLT-24-003 · Generated from the complete Bash block

xtics / ytics lists Pair each category label with its zero-based cell position.

scale 0 Keep category text without tick strokes.

$M << EOD

2 5 8 6

4 9 3 7

1 6 5 10

EOD

unset key

set size ratio -1

set xrange [-0.5:3.5]

set yrange [2.5:-0.5]

set xtics 1 nomirror scale 0

set ytics 1 nomirror scale 0

set cbrange [0:10]

set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")

set cblabel "Score"

set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)

set ytics ("Team A" 0, "Team B" 1, "Team C" 2)

plot $M matrix with image pixels
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PLT-24-004 / MATRIX HEATMAPS

Print the value inside every cell
Compare with PLT-24-003 · Label heatmap rows and columns.

Read the same matrix a second time with labels. Choose white text
on darker cells and dark text on lighter cells so the values remain
legible.

PLT-24-004 · Generated from the complete Bash block

matrix using 1:2:3 The generated columns are x, y and the matrix value.

sprintf("%.0f",$3) Format each value as an integer label.

textcolor rgb variable Read the text colour from the fourth using expression.

$M << EOD

2 5 8 6

4 9 3 7

1 6 5 10

EOD

unset key

set size ratio -1

set xrange [-0.5:3.5]

set yrange [2.5:-0.5]

set xtics 1 nomirror scale 0

set ytics 1 nomirror scale 0

set cbrange [0:10]

set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")

set cblabel "Score"

set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)

set ytics ("Team A" 0, "Team B" 1, "Team C" 2)

plot $M matrix with image pixels, $M matrix using 1:2:(sprintf("%.0f",

$3)):($3>=7 ? 0xFFFFFF : 0x646567) with labels textcolor rgb variable

font ",18"

Team A

Team B

Team C

Mon Tue Wed Thu

2 5 8 6

4 9 3 7

1 6 5 10

0

2

4

6

8

10

S
co

re

PLT-24-004

gnuplot / ONE CHANGE AT A TIME 328



PLT-24-005 / MATRIX HEATMAPS

Draw lines between heatmap cells
Compare with PLT-24-003 · Label heatmap rows and columns.

Place front-layer arrows at half-integer coordinates. The separators
follow cell edges, rather than the category ticks at cell centres.

PLT-24-005 · Generated from the complete Bash block

half-integer edges Adjacent matrix cell centres are one unit apart.

nohead front Draw separators above the image without arrowheads.

$M << EOD

2 5 8 6

4 9 3 7

1 6 5 10

EOD

unset key

set size ratio -1

set xrange [-0.5:3.5]

set yrange [2.5:-0.5]

set xtics 1 nomirror scale 0

set ytics 1 nomirror scale 0

set cbrange [0:10]

set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")

set cblabel "Score"

set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)

set ytics ("Team A" 0, "Team B" 1, "Team C" 2)

set for [x=0:2] arrow (x+1) from x+0.5,-0.5 to x+0.5,2.5 nohead front lc

rgb "white" lw 2

set for [y=0:1] arrow (y+10) from -0.5,y+0.5 to 3.5,y+0.5 nohead front

lc rgb "white" lw 2

plot $M matrix with image pixels
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PLT-24-006 / MATRIX HEATMAPS

Use a symmetric palette for signed values
Compare with PLT-24-003 · Label heatmap rows and columns.

A diverging palette makes zero neutral and assigns different colours
to negative and positive deviations. The symmetric colour range
gives equal magnitudes comparable colour strength.

PLT-24-006 · Generated from the complete Bash block

cbrange [-10:10] Centre the colour scale on zero.

palette defined Blue and red encode opposite signs, with white at zero.

$M << EOD

-8 -3 0 4

-5 2 7 9

1 -1 -6 5

EOD

unset key

set size ratio -1

set xrange [-0.5:3.5]

set yrange [2.5:-0.5]

set xtics 1 nomirror scale 0

set ytics 1 nomirror scale 0

set cbrange [0:10]

set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")

set cblabel "Score"

set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)

set ytics ("Team A" 0, "Team B" 1, "Team C" 2)

set cbrange [-10:10]

set palette defined (-10 "#00549F", 0 "#FFFFFF", 10 "#CC071E")

set cblabel "Deviation"

plot $M matrix with image pixels
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PLT-24-007 / MATRIX HEATMAPS

Leave missing heatmap cells blank
Compare with PLT-24-003 · Label heatmap rows and columns.

Reserve -999 as a missing-score marker and turn it into an undefined
colour value with 1/0. Zero remains a measured score. This SVG
leaves the missing cell unpainted, revealing the white canvas; it must
not be interpreted as a low score.

PLT-24-007 · Generated from the complete Bash block

$3 == -999 ? 1/0 : $3 Replace only the reserved missing marker with an
undefined value.

blank cell No palette value is drawn for the missing observation.

$M << EOD

2 5 8 6

4 -999 3 7

1 6 5 10

EOD

unset key

set size ratio -1

set xrange [-0.5:3.5]

set yrange [2.5:-0.5]

set xtics 1 nomirror scale 0

set ytics 1 nomirror scale 0

set cbrange [0:10]

set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")

set cblabel "Score"

set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)

set ytics ("Team A" 0, "Team B" 1, "Team C" 2)

plot $M matrix using 1:2:($3 == -999 ? 1/0 : $3) with image pixels
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PLT-24-008 / MATRIX HEATMAPS

Read a heatmap as x, y and value triples
Compare with PLT-24-001 · Draw a heatmap from a matrix.

A regular grid can also be supplied as explicit coordinates. Blank lines
separate scans. Use uniformly spaced x and y coordinates with image
pixels; scattered observations need a different gridding or plotting
method.

PLT-24-008 · Generated from the complete Bash block

using 1:2:3 Read x, y and the palette value directly.

blank lines Separate complete grid scans; this example has two
rows.

$D << EOD

0 0 2

1 0 5

2 0 8

0 1 4

1 1 9

2 1 3

EOD

unset key

set size ratio -1

set xrange [-0.5:2.5]

set yrange [1.5:-0.5]

set xtics 1 nomirror scale 0

set ytics 1 nomirror scale 0

set cbrange [0:10]

set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")

plot $D using 1:2:3 with image pixels

0

1

0 1 2
0

2

4

6

8

10
PLT-24-008

gnuplot / ONE CHANGE AT A TIME 332



PLT-25-001 / SURFACES, CONTOURS AND POLAR CURVES

Draw a wireframe surface
New baseline: the commands below define this example.

Move from plot to splot to evaluate a function of two independent
variables.

PLT-25-001 · Generated from the complete Bash block

splot Plot a 3D surface z=f(x,y).

isosamples 18,18 Use 18 isolines in each grid direction.

view 60,30 Set the two camera rotation angles in degrees.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 18,18

set ztics 0.5

set view 60,30

splot sin(x)*cos(y) with lines notitle
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PLT-25-002 / SURFACES, CONTOURS AND POLAR CURVES

Remove hidden wireframe lines
Compare with PLT-25-001 · Draw a wireframe surface.

Occluded lines disappear behind the surface.

PLT-25-002 · Generated from the complete Bash block

hidden3d Perform hidden-line removal for line surfaces.

set hidden3d

set xrange [-3:3]

set yrange [-3:3]

set isosamples 18,18

set ztics 0.5

set view 60,30

splot sin(x)*cos(y) with lines notitle
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PLT-25-003 / SURFACES, CONTOURS AND POLAR CURVES

Colour the surface height
Compare with PLT-25-001 · Draw a wireframe surface.

Filled grid cells replace the wireframe; the colourbar explains the
height-to-colour mapping.

PLT-25-003 · Generated from the complete Bash block

with pm3d Fill grid cells with palette colours determined by z.

40,40 Increase mesh density for a smoother-looking surface.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 40,40

set ztics 0.5

set cbtics 0.5

set view 60,30

splot sin(x)*cos(y) with pm3d notitle

-3 -2 -1 0 1 2 3 -3
-2

-1
0

1
2

3

-1

-0.5

0

0.5

1

-1

-0.5

0

0.5

1

PLT-25-003

gnuplot / ONE CHANGE AT A TIME 335



PLT-25-004 / SURFACES, CONTOURS AND POLAR CURVES

Change the surface viewing angle
Compare with PLT-25-003 · Colour the surface height.

Changing the view rotates the projection without changing the
surface data. A map view removes perspective and is often easier for
reading contour positions.

PLT-25-004 · Generated from the complete Bash block

view 35,120 Set the x-axis rotation and z-axis rotation in degrees.

ztics 1 Keep the shortened projected z axis readable with only
three major ticks.

view map Select the top-down map projection used in the colour-
map examples.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 40,40

set view 35,120

set ztics 1

splot sin(x)*cos(y) with pm3d notitle
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PLT-25-005 / SURFACES, CONTOURS AND POLAR CURVES

Compare coarse and fine surface sampling
New baseline: the commands below define this example.

Isosamples sets the grid density for a function surface. Higher
density produces smoother colour patches at a greater rendering
cost; it does not interpolate measurements from a data file.

PLT-25-005 · Generated from the complete Bash block

isosamples nx,ny Control the number of isolines in each function-surface
direction.

same ranges and view Hold geometry and colour mapping fixed while
comparing density.

set multiplot layout 1,2

set xrange [-3:3]

set yrange [-3:3]

set zrange [-1:1]

set cbrange [-1:1]

unset colorbox

set view 60,30

set title "12 × 12 isolines"

set isosamples 12,12

splot sin(x)*cos(y) with pm3d notitle

set title "60 × 60 isolines"

set isosamples 60,60

splot sin(x)*cos(y) with pm3d notitle

unset multiplot
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PLT-25-006 / SURFACES, CONTOURS AND POLAR CURVES

Project contour lines into a map
New baseline: the commands below define this example.

Contours join points of equal height. Suppress the surface and look
straight down at its base plane.

PLT-25-006 · Generated from the complete Bash block

contour base Generate contours projected onto the base plane.

levels incremental
-0.75,0.25,0.75

Start at -0.75, increment by 0.25 and stop at 0.75.

unset surface / view map Hide the mesh and use a top-down view.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 60,60

set contour base

set cntrparam levels incremental -0.75,0.25,0.75

unset surface

set view map

splot sin(x)*cos(y) with lines notitle
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PLT-25-007 / SURFACES, CONTOURS AND POLAR CURVES

Choose only specific contour levels
Compare with PLT-25-006 · Project contour lines into a map.

A discrete list focuses on selected thresholds.

PLT-25-007 · Generated from the complete Bash block

levels discrete Generate exactly the three listed contour values.

set xrange [-3:3]

set yrange [-3:3]

set isosamples 60,60

set contour base

set cntrparam levels discrete -0.5,0,0.5

unset surface

set view map

splot sin(x)*cos(y) with lines notitle
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PLT-25-008 / SURFACES, CONTOURS AND POLAR CURVES

Draw a polar curve
New baseline: the commands below define this example.

In polar mode the function returns radius as a function of angle t.

PLT-25-008 · Generated from the complete Bash block

trange [0:2*pi] Sweep one full rotation in radians.

cos(3*t) Radius changes with angle; negative radii are reflected
through the origin, producing three petals.

samples 400 Sample the angular parameter densely enough for a
smooth curve.

set polar

set angles radians

set trange [0:2*pi]

set samples 400

set size ratio -1

set xrange [-1.2:1.2]

set yrange [-1.2:1.2]

plot cos(3*t) with lines linewidth 2 notitle
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PLT-25-009 / SURFACES, CONTOURS AND POLAR CURVES

Add a polar grid
Compare with PLT-25-008 · Draw a polar curve.

Angular spokes and radial rings make positions easier to estimate.

PLT-25-009 · Generated from the complete Bash block

grid polar pi/6 Draw spokes every pi/6 radians (30 degrees).

rtics 0.25 Draw radial ticks at quarter-unit intervals.

rrange [0:1] Set the displayed radial axis from zero to one.

set polar

set angles radians

set trange [0:2*pi]

set samples 400

set grid polar pi/6

set rtics 0.25

set rrange [0:1]

set size ratio -1

set xrange [-1.2:1.2]

set yrange [-1.2:1.2]

plot cos(3*t) with lines linewidth 2 notitle
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PLT-26-001 / SPIDER PLOTS AND RADAR CHARTS

Start a native spider plot
New baseline: the commands below define this example.

Each data row makes a polygon and each selected column makes a
spoke. Axis one points upward; the remaining axes proceed clockwise
at equal angles. Fix the spoke ranges so polygon sizes remain
comparable.

PLT-26-001 · Generated from the complete Bash block

set spiderplot Enable radar coordinates, hide Cartesian ticks and
borders, and make the plot square.

paxis p range [0:100] Map zero to the centre and 100 to the end of each
spoke.

using i Select a different column for each successive spoke.

paxis p tics format "" Hide repeated numeric labels, retaining tick positions.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label sprintf("Axis %d",p)

set style spiderplot fs empty border lw 3

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-002 / SPIDER PLOTS AND RADAR CHARTS

Add the polygonal spiderweb
Compare with PLT-26-001 · Start a native spider plot.

Connect matching tick levels across the spokes to form nested
polygons. The grid sits behind the data. These rings use spoke tick
positions rather than Cartesian x/y ticks.

PLT-26-002 · Generated from the complete Bash block

grid spiderplot Draw a web connecting radial axis ticks.

back Draw the grid underneath the data polygon.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label sprintf("Axis %d",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-003 / SPIDER PLOTS AND RADAR CHARTS

Change the number of web rings
Compare with PLT-26-002 · Add the polygonal spiderweb.

A tick interval of 25 produces fewer web levels than an interval of 20.
Apply the same positions to all spokes for a coherent grid.

PLT-26-003 · Generated from the complete Bash block

paxis p tics 25 Place radial ticks at multiples of 25 on each 0-to-100
axis.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 25 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label sprintf("Axis %d",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-004 / SPIDER PLOTS AND RADAR CHARTS

Show numeric notation on every spoke
Compare with PLT-26-002 · Add the polygonal spiderweb.

Remove the empty formats to repeat numeric tick labels around the
web. This is useful for separate units, but shared scales are usually
clearer when labelled on just one spoke.

PLT-26-004 · Generated from the complete Bash block

tics font ",14" Use smaller numeric text than the spoke names.

format "" Omitting this suppression restores the default numeric
labels.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=1:5] paxis p label sprintf("Axis %d",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set for [p=1:5] paxis p label offset 1

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-005 / SPIDER PLOTS AND RADAR CHARTS

Give each spoke a meaningful name
Compare with PLT-26-002 · Add the polygonal spiderweb.

Set axis names independently of the dataset. Use notitle in the plot
command so a component title does not replace the paxis label.

PLT-26-005 · Generated from the complete Bash block

paxis p label Name the corresponding spoke.

word(text,p) Select the p-th space-separated name.

notitle Preserve explicit axis names; spiderplot component titles
label axes.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-006 / SPIDER PLOTS AND RADAR CHARTS

Rotate individual spoke labels
Compare with PLT-26-005 · Give each spoke a meaningful name.

Rotate the right-hand and left-hand names by different angles. This
rotates the text baseline, not the spokes or polygon. The SVG
terminal supports these label angles.

PLT-26-006 · Generated from the complete Bash block

label rotate by -30 Turn the second spoke name clockwise by 30 degrees.

label rotate by 30 Turn the fifth name counterclockwise; norotate restores
horizontal text.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set paxis 2 label rotate by -30

set paxis 5 label rotate by 30

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-007 / SPIDER PLOTS AND RADAR CHARTS

Move spoke names radially outward
Compare with PLT-26-005 · Give each spoke a meaningful name.

The paxis label offset is a scalar radial displacement in character-
sized units. It moves each name away from the centre along its
spoke, rather than applying the ordinary x,y label offset.

PLT-26-007 · Generated from the complete Bash block

label offset 1 Add one character-sized step outward along the spoke;
the distance depends on the terminal font metrics.

negative offset Move a name inward; check clearance from the data and
ticks.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set for [p=1:5] paxis p label offset 1

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-008 / SPIDER PLOTS AND RADAR CHARTS

Style the spoke-name font and colour
Compare with PLT-26-005 · Give each spoke a meaningful name.

Keep numeric ticks modest and make category names larger and
coloured. Font metrics affect the space required around the web.

PLT-26-008 · Generated from the complete Bash block

label font ",24" Change spoke-name size while keeping the current font
family.

textcolor rgb Give names an explicit colour, independent of data lines.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set for [p=1:5] paxis p label font ",24" textcolor rgb "#00549F"

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-009 / SPIDER PLOTS AND RADAR CHARTS

Use multiline and literal spoke names
Compare with PLT-26-005 · Give each spoke a meaningful name.

A newline splits a long name. Disable enhanced text for an identifier
containing an underscore so it prints literally rather than as a
subscript.

PLT-26-009 · Generated from the complete Bash block

\n inside double quotes Break the first name over two lines.

label noenhanced Print the underscore literally; enhanced restores
markup.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set paxis 1 label "Response\ntime" font ",18" offset 1

set paxis 3 label "cost_index" noenhanced font ",18"

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-010 / SPIDER PLOTS AND RADAR CHARTS

Format a spoke scale as percentages
Compare with PLT-26-005 · Give each spoke a meaningful name.

These scores already use the 0-to-100 percentage scale. Add a
percent sign to their tick text. For fractional input such as 0.7,
multiply by 100 in the using expression first; formatting alone does
not rescale data.

PLT-26-010 · Generated from the complete Bash block

%.0f%% Print an integer followed by a literal percent sign.

fractional input Use column(i)*100.0 with a 0-to-100 spoke range.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set paxis 1 tics format "%.0f%%"

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-011 / SPIDER PLOTS AND RADAR CHARTS

Use words for radial tick levels
Compare with PLT-26-005 · Give each spoke a meaningful name.

Replace numbers on the first spoke with named thresholds. Set the
same level positions on every spoke, then hide the other text labels.

PLT-26-011 · Generated from the complete Bash block

label/value pairs Place named radial thresholds at selected numeric
positions.

explicit empty labels Suppress literal labels on other spokes; format alone
does not replace them.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set for [p=1:5] paxis p tics ("Low" 25, "Medium" 50, "High" 75, "Max" 100)

set for [p=2:5] paxis p tics format "" ("" 25, "" 50, "" 75, "" 100)

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-012 / SPIDER PLOTS AND RADAR CHARTS

Change numeric tick text and offset
Compare with PLT-26-005 · Give each spoke a meaningful name.

Move the first spoke tick labels to the right and give them a distinct
text style. In gnuplot 6.0.5, native spiderplot tick text stays
horizontal even if paxis tics rotate is requested; PLT-26-013 supplies
rotated labels explicitly.

PLT-26-012 · Generated from the complete Bash block

tics offset 1,0 Move tick text one character width to the right.

tics textcolor Colour the text; this does not colour the spoke line.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set paxis 1 tics font ",18" textcolor rgb "#CC071E" offset 1,0

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-013 / SPIDER PLOTS AND RADAR CHARTS

Rotate numeric tick labels explicitly
Compare with PLT-26-012 · Change numeric tick text and offset.

Native spiderplot tick rotation is ignored in gnuplot 6.0.5. Hide the
first spoke numeric text and draw matching labels in normalised
Cartesian coordinates instead. Keep the native tick positions so the
web does not change.

PLT-26-013 · Generated from the complete Bash block

first 0.05,v/100.0 Place text beside the vertical spoke; its radius runs from
zero to one.

rotate by 30 Rotate these ordinary labels counterclockwise; SVG
supports the rotation.

label tags 20..100 Keep custom labels distinct from reserved ID label 999.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set paxis 1 tics format ""

set for [v=20:100:20] label v sprintf("%d",v) at first 0.05,v/100.0 left

rotate by 30 font ",14" front

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-014 / SPIDER PLOTS AND RADAR CHARTS

Give spokes different units and ranges
Compare with PLT-26-004 · Show numeric notation on every spoke.

Each spoke maps its own range to the same radial length. Here seconds,
percentages, euros, counts and hours have separate tick units. Similar
polygon radii therefore do not imply equal raw values.

PLT-26-014 · Generated from the complete Bash block

individual paxis ranges Normalise each raw variable to its own radial interval.

tics format Print appropriate units; %% prints a literal percent sign.

$D << EOD
7 45 850 55 6.5
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set paxis 1 range [0:10]
set paxis 3 range [0:1000]
set paxis 5 range [0:10]
set paxis 1 label "Time"
set paxis 2 label "Quality"
set paxis 3 label "Cost"
set paxis 4 label "Count"
set paxis 5 label "Hours"
set paxis 1 tics 2 format "%g s" font ",12"
set paxis 2 tics 20 format "%.0f%%" font ",12"
set paxis 3 tics 200 format "%.0f EUR" font ",12"
set paxis 4 tics 20 format "%.0f" font ",12"
set paxis 5 tics 2 format "%g h" font ",12"
set for [p=1:5] paxis p label offset 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-015 / SPIDER PLOTS AND RADAR CHARTS

Reverse a lower-is-better spoke
Compare with PLT-26-005 · Give each spoke a meaningful name.

Reverse the second axis so a low raw value sits farther from the
centre. All other axes retain their original direction. Label the reversal
explicitly to keep the chart interpretable.

PLT-26-015 · Generated from the complete Bash block

range [100:0] Map 100 to the centre and zero to the outer end.

value 45 The second score lies at 55 percent of the radius.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set paxis 2 range [100:0]

set paxis 2 label "Delay (reversed)" font ",16"

set paxis 2 tics 25 format "%.0f" font ",12"

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-016 / SPIDER PLOTS AND RADAR CHARTS

Choose which variable starts at the top
Compare with PLT-26-005 · Give each spoke a meaningful name.

The first spoke stays vertical in native spiderplot mode. Reorder the
columns and names together to place a different variable at the top.
This changes the polygon geometry, rather than rotating the whole
chart freely.

PLT-26-016 · Generated from the complete Bash block

Order = [3,4,5,1,2] Place Value at the top, then Support, Capacity, Speed
and Quality.

labels and columns Apply the same permutation so names match their data.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

array Order[5] = [3,4,5,1,2]

Names = "Speed Quality Value Support Capacity"

set for [p=1:5] paxis p label word(Names,Order[p])

plot for [i=1:5] $D using (column(Order[i])) lc rgb "#00549F" notitle
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PLT-26-017 / SPIDER PLOTS AND RADAR CHARTS

Fill the polygon transparently
Compare with PLT-26-005 · Give each spoke a meaningful name.

A translucent fill shows the polygon area while leaving the web
visible. Radar area depends on axis ordering and scale choices; it is
not an independent total score.

PLT-26-017 · Generated from the complete Bash block

fs transparent solid 0.25 Fill the polygon at 25 percent opacity.

border lw 3 Retain a visible polygon outline.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs transparent solid 0.25 border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-018 / SPIDER PLOTS AND RADAR CHARTS

Remove the polygon border
Compare with PLT-26-017 · Fill the polygon transparently.

Use the coloured fill alone to describe the scores. The web and spoke
lines have their own settings and remain visible.

PLT-26-018 · Generated from the complete Bash block

noborder Suppress the data polygon outline.

solid 0.45 Increase opacity so the borderless area remains visible.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs transparent solid 0.45 noborder

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-019 / SPIDER PLOTS AND RADAR CHARTS

Mark every polygon vertex
Compare with PLT-26-017 · Fill the polygon transparently.

Points mark the actual score on each spoke. Set their symbol and
size in the spiderplot style, alongside the outline and fill.

PLT-26-019 · Generated from the complete Bash block

pt 7 Use a filled circular marker with this SVG terminal.

ps 1.5 Scale vertex symbols by a factor of 1.5.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs transparent solid 0.25 border lw 3 pt 7 ps 1.5

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

plot for [i=1:5] $D using i lc rgb "#00549F" notitle

20

40

60

80

100

Speed

Quality

ValueSupport

Capacity

PLT-26-019

gnuplot / ONE CHANGE AT A TIME 360



PLT-26-020 / SPIDER PLOTS AND RADAR CHARTS

Choose a dashed polygon outline
Compare with PLT-26-005 · Give each spoke a meaningful name.

Line colour, width and dash pattern belong to the data polygon. Use
an empty fill here so the outline change is easy to see.

PLT-26-020 · Generated from the complete Bash block

lc rgb; lw; dt Select a red, width-four, dashed data outline.

first plot component Its style options establish the polygon appearance.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

plot for [i=1:5] $D using i lc rgb "#CC071E" lw 4 dt 2 notitle
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PLT-26-021 / SPIDER PLOTS AND RADAR CHARTS

Style the radial spoke lines
Compare with PLT-26-005 · Give each spoke a meaningful name.

The parallelaxis style controls the radial axes too. Change their colour
and width without changing the polygon or connecting web rings.

PLT-26-021 · Generated from the complete Bash block

style parallelaxis Set radial axis line properties and layer.

back Keep the spokes behind the data.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs empty border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set style parallelaxis back lc rgb "#0098A1" lw 2

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-022 / SPIDER PLOTS AND RADAR CHARTS

Style and layer the web grid
Compare with PLT-26-017 · Fill the polygon transparently.

Use a stronger dashed grid in front of a filled polygon. Front-layer
lines remain visible above the fill; use back for a quieter background
web.

PLT-26-022 · Generated from the complete Bash block

grid lc; lw; dt Set web-ring colour, width and dash pattern.

front / back Choose whether the web is drawn above or below the
polygon.

$D << EOD

70 45 85 55 65

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs transparent solid 0.25 border lw 3

set grid spiderplot front lt 1 lc rgb "#646567" lw 1.5 dt 2

plot for [i=1:5] $D using i lc rgb "#00549F" notitle
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PLT-26-023 / SPIDER PLOTS AND RADAR CHARTS

Compare several rows and name the series
Compare with PLT-26-017 · Fill the polygon transparently.

Each row becomes a separate polygon. key(1) supplies the row name
for the legend; ordinary plot titles would instead name spokes.
Shared ranges keep the comparison consistent.

PLT-26-023 · Generated from the complete Bash block

using i:key(1) Use column i for a spoke and column one for each series
name.

multiple rows Generate one polygon per row; default line types
distinguish them.

$D << EOD

Alpha 70 45 85 55 65

Beta 45 80 55 75 40

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs transparent solid 0.25 border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set key top right font ",16"

plot for [i=2:6] $D using i:key(1) notitle
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PLT-26-024 / SPIDER PLOTS AND RADAR CHARTS

Combine separate datasets with newspiderplot
Compare with PLT-26-023 · Compare several rows and name the series.

A new polygon group needs newspiderplot between the spoke
sequences. Without it, two five-column datasets would be interpreted
as ten successive spokes. Use explicit legend samples for the two
groups.

PLT-26-024 · Generated from the complete Bash block

newspiderplot Restart spoke numbering for the next polygon group.

keyentry Add a legend sample without overwriting a spoke name.

$D << EOD

70 45 85 55 65

EOD

$B << EOD

45 80 55 75 40

EOD

set spiderplot

unset key

set for [p=1:5] paxis p range [0:100]

set for [p=1:5] paxis p tics 20 font ",14"

set for [p=2:5] paxis p tics format ""

set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)

set style spiderplot fs transparent solid 0.25 border lw 3

set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1

set key top right font ",16"

plot keyentry with spiderplot lc rgb "#00549F" title "Alpha", for

[i=1:5] $D using i lc rgb "#00549F" notitle, newspiderplot,

keyentry with spiderplot lc rgb "#CC071E" title "Beta", for [i=1:5] $B

using i lc rgb "#CC071E" notitle
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PLT-27-001 / SECTORS, PIES AND DONUTS

Draw a single sector
New baseline: the commands below define this example.

gnuplot 6 adds the sectors style. Begin with a quarter disk: the
radius and angle are explicit.

PLT-27-001 · Generated from the complete Bash block

set polar; angles degrees Interpret polar positions as angle and radius; angles are
measured in degrees.

theta top cw Put zero degrees at the top and increase clockwise.

ratio -1 Use equal physical scale on x and y, so circles stay
circular.

1:(0):2:(1) Start angle from column 1, inner radius 0, span from
column 2, radial width 1. Outer radius is inner + width.

unset raxis / tics / border Hide radial axis, tick marks and rectangular frame.

$D << EOD

0 90

EOD

set polar

set angles degrees

set theta top cw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set style fill solid 1 border

plot $D using 1:(0):2:(1) with sectors

PLT-27-001
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PLT-27-002 / SECTORS, PIES AND DONUTS

Complete a three-slice pie
Compare with PLT-27-001 · Draw a single sector.

The spans sum to 360 degrees. These example shares are 40%, 35%
and 25%.

PLT-27-002 · Generated from the complete Bash block

0, 144, 270 Cumulative start angles; each slice begins where the
preceding one ends.

144, 126, 90 Angular span = 360 * share / total. Negative values are
unsuitable for pie shares.

$D << EOD

0 144

144 126

270 90

EOD

set polar

set angles degrees

set theta top cw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set style fill solid 1 border

plot $D using 1:(0):2:(1) with sectors
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PLT-27-003 / SECTORS, PIES AND DONUTS

Assign distinct slice colours
Compare with PLT-27-002 · Complete a three-slice pie.

Use the row index as the colour selector.

PLT-27-003 · Generated from the complete Bash block

$0 Zero-based record index; adding one selects line colours
1, 2, 3.

linecolor variable Use the extra numeric field as a line-type colour index;
default colours can vary by terminal.

$D << EOD

0 144

144 126

270 90

EOD

set polar

set angles degrees

set theta top cw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set style fill solid 1 border

plot $D using 1:(0):2:(1):($0+1) \

with sectors linecolor variable
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PLT-27-004 / SECTORS, PIES AND DONUTS

Separate slices with white borders
Compare with PLT-27-003 · Assign distinct slice colours.

Custom line colours and a white outline make the segments easier to
distinguish.

PLT-27-004 · Generated from the complete Bash block

set linetype 1/2/3 Assign explicit RGB colours to the three indexed styles.

border linecolor rgb "white" Use white borders while keeping the variable fill colour.

linewidth 3 Thicken the boundaries between slices.

$D << EOD

0 144

144 126

270 90

EOD

set polar

set angles degrees

set theta top cw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set linetype 1 linecolor rgb "#00549F"

set linetype 2 linecolor rgb "#F6A800"

set linetype 3 linecolor rgb "#57AB27"

set style fill solid 1 border linecolor rgb "white"

plot $D using 1:(0):2:(1):($0+1) \

with sectors linecolor variable linewidth 3
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PLT-27-005 / SECTORS, PIES AND DONUTS

Label the percentages
Compare with PLT-27-004 · Separate slices with white borders.

Place text at each angular midpoint and at radius 0.65.

PLT-27-005 · Generated from the complete Bash block

$1+$2/2 Start angle plus half the span gives the slice midpoint.

0.65 Label radius measured from the centre.

$2/3.6 Convert degrees to percentage points: span / 360 *
100.

$D << EOD

0 144

144 126

270 90

EOD

set polar

set angles degrees

set theta top cw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set linetype 1 linecolor rgb "#00549F"

set linetype 2 linecolor rgb "#F6A800"

set linetype 3 linecolor rgb "#57AB27"

set style fill solid 1 border linecolor rgb "white"

plot $D using 1:(0):2:(1):($0+1) \

with sectors linecolor variable linewidth 3, \

$D using ($1+$2/2):(0.65):\

(sprintf("%.0f%%",$2/3.6)) with labels
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PLT-27-006 / SECTORS, PIES AND DONUTS

Open a donut hole
Compare with PLT-27-005 · Label the percentages.

Keep the outer radius equal to one while creating an empty centre.

PLT-27-006 · Generated from the complete Bash block

inner radius 0.4 Leave the central disk empty.

radial width 0.6 Outer radius = 0.4 + 0.6 = 1. The fourth field is a width,
not an outer radius.

$D << EOD

0 144

144 126

270 90

EOD

set polar

set angles degrees

set theta top cw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set linetype 1 linecolor rgb "#00549F"

set linetype 2 linecolor rgb "#F6A800"

set linetype 3 linecolor rgb "#57AB27"

set style fill solid 1 border linecolor rgb "white"

plot $D using 1:(0.4):2:(0.6):($0+1) \

with sectors linecolor variable linewidth 3, \

$D using ($1+$2/2):(0.65):\

(sprintf("%.0f%%",$2/3.6)) with labels
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PLT-27-007 / SECTORS, PIES AND DONUTS

Make the donut ring thinner
Compare with PLT-27-006 · Open a donut hole.

Both radii change together so the outside size stays fixed.

PLT-27-007 · Generated from the complete Bash block

0.7 and 0.3 Increase the inner radius and reduce the width by the
same amount.

label radius 0.85 Move the labels to the middle of the thinner ring.

$D << EOD

0 144

144 126

270 90

EOD

set polar

set angles degrees

set theta top cw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set linetype 1 linecolor rgb "#00549F"

set linetype 2 linecolor rgb "#F6A800"

set linetype 3 linecolor rgb "#57AB27"

set style fill solid 1 border linecolor rgb "white"

plot $D using 1:(0.7):2:(0.3):($0+1) \

with sectors linecolor variable linewidth 3, \

$D using ($1+$2/2):(0.85):\

(sprintf("%.0f%%",$2/3.6)) with labels
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PLT-27-008 / SECTORS, PIES AND DONUTS

Reverse the angular direction
Compare with PLT-27-006 · Open a donut hole.

Change only the direction in which the slices are laid out.

PLT-27-008 · Generated from the complete Bash block

ccw Increase angles counterclockwise from the top; shares
and colours stay unchanged.

$D << EOD

0 144

144 126

270 90

EOD

set polar

set angles degrees

set theta top ccw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set linetype 1 linecolor rgb "#00549F"

set linetype 2 linecolor rgb "#F6A800"

set linetype 3 linecolor rgb "#57AB27"

set style fill solid 1 border linecolor rgb "white"

plot $D using 1:(0.4):2:(0.6):($0+1) \

with sectors linecolor variable linewidth 3, \

$D using ($1+$2/2):(0.65):\

(sprintf("%.0f%%",$2/3.6)) with labels

40%

35%

25%

PLT-27-008

gnuplot / ONE CHANGE AT A TIME 373



PLT-27-009 / SECTORS, PIES AND DONUTS

Add a central total
Compare with PLT-27-006 · Open a donut hole.

The hole can carry one short summary. Keep the surrounding labels
uncluttered.

PLT-27-009 · Generated from the complete Bash block

label 1 Assign a reusable label tag; it is separate from the
reserved plot-ID tag 999.

"Total\n100" A double-quoted string interprets the backslash-n as a
line break.

at 0,0 center Centre the text at the origin of the plot.

$D << EOD

0 144

144 126

270 90

EOD

set polar

set angles degrees

set theta top cw

set size ratio -1

set xrange [-1.3:1.3]

set yrange [-1.3:1.3]

unset border

unset raxis

unset tics

unset key

set linetype 1 linecolor rgb "#00549F"

set linetype 2 linecolor rgb "#F6A800"

set linetype 3 linecolor rgb "#57AB27"

set style fill solid 1 border linecolor rgb "white"

set label 1 "Total\n100" at 0,0 center

plot $D using 1:(0.4):2:(0.6):($0+1) \

with sectors linecolor variable linewidth 3, \

$D using ($1+$2/2):(0.65):\

(sprintf("%.0f%%",$2/3.6)) with labels

Total
100

40%

35%

25%

PLT-27-009

gnuplot / ONE CHANGE AT A TIME 374



PLT-28-001 / WATERFALL TOTALS AND FLOATING BARS

Start with one floating rectangle
New baseline: the commands below define this example.

A financial waterfall is a sequence of floating bars. First draw one
interval without any running-total logic.

PLT-28-001 · Generated from the complete Bash block

Columns: x, low, high This rectangle extends from y=4 to y=7.

($2+$3)/2 Supply the y centre required by the six-field rectangle
style.

($1-0.3):($1+0.3):2:3 Explicit x low, x high, y low and y high bounds; width is
0.6.

$D << EOD

1 4 7

EOD

set xrange [0.4:1.6]

set yrange [0:10]

set xtics ("Change" 1)

set style fill solid 1 noborder

plot $D using 1:(($2+$3)/2):($1-0.3):\

($1+0.3):2:3 with boxxyerrorbars notitle
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PLT-28-002 / WATERFALL TOTALS AND FLOATING BARS

Arrange a sequence of intervals
Compare with PLT-28-001 · Start with one floating rectangle.

Start at 10, add 4, subtract 3, then add 2. The final total is 13. A
decrease still uses low < high; direction is encoded separately next.

PLT-28-002 · Generated from the complete Bash block

Start and End Total bars begin at zero. Intermediate bars float between
the old and new total.

Loss: 11 to 14 The decrease starts at 14 and ends at 11; the rectangle
bounds must still be ordered.

xticlabels(4) Use the fourth column for category labels.

$D << EOD

1 0 10 Start

2 10 14 Gain

3 11 14 Loss

4 11 13 Gain

5 0 13 End

EOD

set xrange [0.4:5.6]

set yrange [0:16]

set style fill solid 1 noborder

plot $D using 1:(($2+$3)/2):($1-0.3):\

($1+0.3):2:3:xticlabels(4) with boxxyerrorbars notitle 0
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PLT-28-003 / WATERFALL TOTALS AND FLOATING BARS

Derive intervals from signed changes
Compare with PLT-28-002 · Arrange a sequence of intervals.

A preprocessing pass converts deltas into rectangle bounds. The first
row starts at zero; the last row is an explicit total.

PLT-28-003 · Generated from the complete Bash block

set table $B / with table Write evaluated columns to a datablock instead of
drawing a plot.

old=running, running=... Comma expressions evaluate in order; save the old total
before adding the next delta.

condition ? a : b Select a when the comparison is true, otherwise b; this
keeps lower and upper bounds ordered.

set object 1 rect Draw the final total as a rectangle from zero to
running=13.

$D << EOD

Start 10

Gain 4

Loss -3

Gain 2

EOD

running = 0

set table $B

plot $D using ($0+1):\

(old=running,running=running+$2,(old<running ? old : running)):\

((old>running ? old : running)) with table

unset table

set xrange [0.4:5.6]

set yrange [0:16]

set xtics ("Start" 1,"Gain" 2,"Loss" 3,"Gain" 4,"End" 5)

set style fill solid 1 noborder

set object 1 rect from 4.7,0 to 5.3,running \

fillcolor rgb "#00549F"

plot $B using 1:(($2+$3)/2):($1-0.3):\

($1+0.3):2:3 with boxxyerrorbars notitle
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PLT-28-004 / WATERFALL TOTALS AND FLOATING BARS

Colour totals, gains and losses
Compare with PLT-28-002 · Arrange a sequence of intervals.

Colour encodes the role of a bar, independently of its vertical bounds.

PLT-28-004 · Generated from the complete Bash block

Seventh numeric field After the six rectangle fields, column 5 supplies an RGB
integer.

Blue / green / red Totals / increases / decreases. Label the sign as well
when colour alone would be ambiguous.

$D << EOD

1 0 10 Start 0x00549F

2 10 14 Gain 0x57AB27

3 11 14 Loss 0xCC071E

4 11 13 Gain 0x57AB27

5 0 13 End 0x00549F

EOD

set xrange [0.4:5.6]

set yrange [0:16]

set style fill solid 1 noborder

plot $D using 1:(($2+$3)/2):($1-0.3):\

($1+0.3):2:3:5:xticlabels(4) with boxxyerrorbars linecolor rgb variable

notitle 0
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PLT-28-005 / WATERFALL TOTALS AND FLOATING BARS

Connect the running levels
Compare with PLT-28-004 · Colour totals, gains and losses.

Short horizontal segments show how the end of one step becomes
the start of the next.

PLT-28-005 · Generated from the complete Bash block

from x1,y to x2,y Draw from the right edge of one bar to the left edge of
the next at the running total.

nohead dt 2 Use a dashed line without an arrowhead.

$D << EOD

1 0 10 Start 0x00549F

2 10 14 Gain 0x57AB27

3 11 14 Loss 0xCC071E

4 11 13 Gain 0x57AB27

5 0 13 End 0x00549F

EOD

set xrange [0.4:5.6]

set yrange [0:16]

set style fill solid 1 noborder

set arrow 1 from 1.3,10 to 1.7,10 nohead dt 2

set arrow 2 from 2.3,14 to 2.7,14 nohead dt 2

set arrow 3 from 3.3,11 to 3.7,11 nohead dt 2

set arrow 4 from 4.3,13 to 4.7,13 nohead dt 2

plot $D using 1:(($2+$3)/2):($1-0.3):\

($1+0.3):2:3:5:xticlabels(4) with boxxyerrorbars linecolor rgb variable

notitle
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PLT-28-006 / WATERFALL TOTALS AND FLOATING BARS

Print the signed changes
Compare with PLT-28-004 · Colour totals, gains and losses.

Labels make increases and decreases explicit. The total bars show
their absolute values.

PLT-28-006 · Generated from the complete Bash block

Column 6 Text labels are stored explicitly, including plus and minus
signs.

using 1:3:6 Position each label at the bar's x and upper y bound.

$D << EOD

1 0 10 Start 0x00549F "10"

2 10 14 Gain 0x57AB27 "+4"

3 11 14 Loss 0xCC071E "-3"

4 11 13 Gain 0x57AB27 "+2"

5 0 13 End 0x00549F "13"

EOD

set xrange [0.4:5.6]

set yrange [0:16]

set style fill solid 1 noborder

plot $D using 1:(($2+$3)/2):($1-0.3):\

($1+0.3):2:3:5:xticlabels(4) with boxxyerrorbars linecolor rgb variable

notitle, \

$D using 1:3:6 with labels offset 0,0.8 notitle
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PLT-28-007 / WATERFALL TOTALS AND FLOATING BARS

Narrow the waterfall bars
Compare with PLT-28-004 · Colour totals, gains and losses.

The interval heights remain unchanged; only horizontal whitespace
changes.

PLT-28-007 · Generated from the complete Bash block

0.18 Half-width; the complete bar is 0.36 x units wide.

$D << EOD

1 0 10 Start 0x00549F

2 10 14 Gain 0x57AB27

3 11 14 Loss 0xCC071E

4 11 13 Gain 0x57AB27

5 0 13 End 0x00549F

EOD

set xrange [0.4:5.6]

set yrange [0:16]

set style fill solid 1 noborder

plot $D using 1:(($2+$3)/2):($1-0.18):\

($1+0.18):2:3:5:xticlabels(4) with boxxyerrorbars linecolor rgb

variable notitle
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PLT-28-008 / WATERFALL TOTALS AND FLOATING BARS

Draw a small schedule from task intervals
New baseline: the commands below define this example.

A fictional publication has five tasks. Rows supply position, name,
start day, end day and completed fraction. Draw a headless vector
from start to end; reverse y so the first task is at the top.

PLT-28-008 · Generated from the complete Bash block

using 3:1:($4-$3):(0) Start at the task’s start and extend by its duration.

yticlabels(2) Use task names for row labels.

yrange [5.7:0.3] Order tasks from top to bottom.

$Tasks << EOD

1 "Draft" 0 3 1.0

2 "Review" 2 6 0.6

3 "Figures" 3 7 0.4

4 "Typeset" 6 9 0.2

5 "Release" 9 10 0.0

EOD

set xrange [-0.5:10.5]

set yrange [5.7:0.3]

set xlabel "Days after project start"

set ytics nomirror

set xtics 1

set grid xtics

unset key

plot $Tasks using 3:1:($4-$3):(0):yticlabels(2) \

with vectors nohead lw 4 lc rgb "#00549F"
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PLT-28-009 / WATERFALL TOTALS AND FLOATING BARS

Replace schedule lines with interval boxes
Compare with PLT-28-008 · Draw a small schedule from task intervals.

Turn intervals into bars with explicit start, end and height limits. The
six-column boxxyerrorbars form accepts absolute bounds, which draw
horizontal task rectangles.

PLT-28-009 · Generated from the complete Bash block

using
centre:y:xlow:xhigh:ylow:yhigh

Supply the centre and four absolute rectangle bounds.

$1-0.3; $1+0.3 Set task height without changing duration.

set xrange [-0.5:10.5]

set yrange [5.7:0.3]

set xlabel "Days after project start"

set ytics nomirror

set xtics 1

set grid xtics

unset key

set style fill solid 0.7 border

plot $Tasks using (($3+$4)/2):1:3:4:($1-0.3):($1+0.3):yticlabels(2) \

with boxxyerrorbars lc rgb "#00549F"
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PLT-28-010 / WATERFALL TOTALS AND FLOATING BARS

Show calendar dates on the schedule
Compare with PLT-28-009 · Replace schedule lines with interval boxes.

Convert day offsets to timestamps from a fixed start. Convert the
centre and both time bounds consistently. The example uses fixed
24-hour intervals; it does not model daylight-saving transitions or
working-day calendars.

PLT-28-010 · Generated from the complete Bash block

strptime; T(d) Parse a start date and convert all day coordinates.

xdata time; format x Render timestamps as calendar labels.

xtics day*2 Choose a tick interval in seconds.

start=strptime("%Y-%m-%d","2026-10-12")

day=24*60*60

T(d)=start+d*day

set xrange [T(-0.5):T(10.5)]

set yrange [5.7:0.3]

set xdata time

set format x "%d %b"

set xtics day*2

set xlabel "Calendar date (fixed 24-hour days)"

set ytics nomirror

set grid xtics

set style fill solid 0.7 border

unset key

plot $Tasks using (T(($3+$4)/2)):1:(T($3)):(T($4)):($1-0.3):

($1+0.3):yticlabels(2) \

with boxxyerrorbars lc rgb "#CFD1D2"
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PLT-28-011 / WATERFALL TOTALS AND FLOATING BARS

Overlay the completed fraction of each task
Compare with PLT-28-010 · Show calendar dates on the schedule.

Draw planned intervals in grey and completed fractions in RWTH
turquoise. A 60% task fills 60% of its own duration. The release task
retains a grey bar and zero-percent label.

PLT-28-011 · Generated from the complete Bash block

$3+($4-$3)*$5 Compute each completed endpoint.

second box clause Overlay progress with the same row height.

sprintf("%.0f%%",...) Format a literal percent sign with the computed value.

start=strptime("%Y-%m-%d","2026-10-12")

day=24*60*60

T(d)=start+d*day

set xrange [T(-0.5):T(10.5)]

set yrange [5.7:0.3]

set xdata time

set format x "%d %b"

set xtics day*2

set xlabel "Calendar date (fixed 24-hour days)"

set ytics nomirror

set grid xtics

set style fill solid 0.7 border

unset key

plot $Tasks using (T(($3+$4)/2)):1:(T($3)):(T($4)):($1-0.3):

($1+0.3):yticlabels(2) \

with boxxyerrorbars lc rgb "#CFD1D2", \

$Tasks using (T($3+($4-$3)*$5/2)):1:(T($3)):(T($3+($4-$3)*$5)):($1-0.3):

($1+0.3) \

with boxxyerrorbars lc rgb "#0098A1", \

$Tasks using (T($4)):1:(sprintf("%.0f%%",100*$5)) \

with labels offset 2,0 left tc rgb "#646567"
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PLT-28-012 / WATERFALL TOTALS AND FLOATING BARS

Adapt the schedule range when a task is added
Compare with PLT-28-011 · Overlay the completed fraction of each task.

Add an archive task after release, then compute earliest start, latest
finish and row count. Both axis ranges follow the updated data.
Reserve an extra day for percentage labels.

PLT-28-012 · Generated from the complete Bash block

Begin_min; End_max Detect earliest start and latest finish.

Begin_records Count tasks with consecutive row positions starting at
one.

extra day margin Reserve room for completion labels.

stats $Tasks using 3 name "Begin" nooutput

stats $Tasks using 4 name "End" nooutput

start=strptime("%Y-%m-%d","2026-10-12")

day=24*60*60

T(d)=start+d*day

set xrange [T(Begin_min-0.5):T(End_max+1.2)]

set yrange [Begin_records+0.7:0.3]

set xdata time

set format x "%d %b"

set xtics day*2

set xlabel "Calendar date (fixed 24-hour days)"

set ytics nomirror

set grid xtics

set style fill solid 0.7 border

unset key

plot $Tasks using (T(($3+$4)/2)):1:(T($3)):(T($4)):($1-0.3):

($1+0.3):yticlabels(2) \

with boxxyerrorbars lc rgb "#CFD1D2", \

$Tasks using (T($3+($4-$3)*$5/2)):1:(T($3)):(T($3+($4-$3)*$5)):($1-0.3):

($1+0.3) \

with boxxyerrorbars lc rgb "#0098A1", \

$Tasks using (T($4)):1:(sprintf("%.0f%%",100*$5)) \

with labels offset 2,0 left tc rgb "#646567"

print sprintf("schedule: start=%.0f finish=%.0f 

tasks=%d",Begin_min,End_max,Begin_records)
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PLT-29-001 / OFFSET CURVES AND SIGNAL WATERFALLS

Draw a family of related curves
New baseline: the commands below define this example.

The word waterfall also describes a sequence of signals. Begin with a
loop over four shifted peaks.

PLT-29-001 · Generated from the complete Bash block

f(x,k) A two-argument function; k shifts the peak by 0.5*k.

for [k=0:3] Repeat the plot element for integers 0, 1, 2 and 3.

exp / **2 Natural exponential and exponentiation; the peak shape
is a Gaussian-like function.

f(x,k) = exp(-(x-0.5*k)**2)

set xrange [-3:5]

set yrange [0:1.2]

plot for [k=0:3] f(x,k) with lines linewidth 2 \

title sprintf("Scan %d",k)
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PLT-29-002 / OFFSET CURVES AND SIGNAL WATERFALLS

Separate curves with a vertical offset
Compare with PLT-29-001 · Draw a family of related curves.

Offsets improve visibility, but the vertical coordinates now include an
artificial display shift.

PLT-29-002 · Generated from the complete Bash block

+0.65*k Lift each successive curve by 0.65 y units. This does not
change the signal itself.

f(x,k) = exp(-(x-0.5*k)**2)

set xrange [-3:5]

set yrange [0:3.2]

plot for [k=0:3] f(x,k)+0.65*k with lines linewidth 2 \

title sprintf("Scan %d",k)
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PLT-29-003 / OFFSET CURVES AND SIGNAL WATERFALLS

Increase the separation
Compare with PLT-29-002 · Separate curves with a vertical offset.

A single spacing constant controls the distance between baselines.

PLT-29-003 · Generated from the complete Bash block

1.1*k The gap between neighbouring baselines becomes 1.1
units.

f(x,k) = exp(-(x-0.5*k)**2)

set xrange [-3:5]

set yrange [0:4.6]

plot for [k=0:3] f(x,k)+1.1*k with lines linewidth 2 \

title sprintf("Scan %d",k)
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PLT-29-004 / OFFSET CURVES AND SIGNAL WATERFALLS

Fill offset curves back to front
Compare with PLT-29-002 · Separate curves with a vertical offset.

Filled curves create overlapping ridges. Draw the highest baseline
first so later curves cover it cleanly. Each ridge selects a colour from
the explicit RWTH list.

PLT-29-004 · Generated from the complete Bash block

for [k=3:0:-1] Visit k=3,2,1,0; the third loop argument is the negative
step.

'+' Generate sampled x values over the current x range.

using x:top:bottom Fill between the signal plus offset and its own horizontal
baseline.

word(COLOURS,k+1) Select one explicit RWTH colour per ridge; word indices
start at one.

linecolor rgb Use the selected hexadecimal RGB string.

f(x,k) = exp(-(x-0.5*k)**2)

COLOURS = "#00549F #57AB27 #F6A800 #0098A1"

set xrange [-3:5]

set yrange [0:3.2]

set style fill solid 1 border

unset key

plot for [k=3:0:-1] '+' \

using 1:(f($1,k)+0.65*k):(0.65*k) \

with filledcurves linecolor rgb word(COLOURS,k+1)
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PLT-29-005 / OFFSET CURVES AND SIGNAL WATERFALLS

Move the signal waterfall into 3D
New baseline: the commands below define this example.

Generate six sampled curves into a datablock, then draw them as
slices at different y positions.

PLT-29-005 · Generated from the complete Bash block

set samples 80 Generate 80 x samples per curve during the table pass.

do for [...] { ... } Execute a block of commands for each integer k.

index k Select one table block; indices begin at zero.

using 1:(k):2 Map stored x to x, scan index to y, and stored signal to
z.

set view 60,30 Rotate 60 degrees about x and 30 degrees about z.

set xrange [-3:5]

set samples 80

set table $S

do for [k=0:5] {

plot exp(-(x-0.4*k)**2)

}

unset table

set yrange [-0.5:5.5]

set zrange [0:1.2]

set ztics 0.5

set view 60,30

set xlabel "x"

set ylabel "Scan"

set zlabel "Signal"

unset key

splot for [k=5:0:-1] $S index k using 1:(k):2 \

with lines linewidth 2
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PLT-29-006 / OFFSET CURVES AND SIGNAL WATERFALLS

Fill the 3D waterfall slices
Compare with PLT-29-005 · Move the signal waterfall into 3D.

Opaque white slice faces emphasize the layered shape. This splot
filledcurves style requires gnuplot 6.0.2 or later.

PLT-29-006 · Generated from the complete Bash block

solid 1; with filledcurves Use an opaque fill for each x-z slice down to its baseline
in the y=constant plane.

k=5:0:-1 For this view, draw the distant scan first; reverse order
when the camera moves to the opposite side.

set xrange [-3:5]

set samples 80

set table $S

do for [k=0:5] {

plot exp(-(x-0.4*k)**2)

}

unset table

set yrange [-0.5:5.5]

set zrange [0:1.2]

set ztics 0.5

set view 60,30

set xlabel "x"

set ylabel "Scan"

set zlabel "Signal"

unset key

set style fill solid 1

splot for [k=5:0:-1] $S index k using 1:(k):2 \

with filledcurves linecolor rgb "#00549F" \

fillcolor rgb "white"
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PLT-30-001 / CUSTOM STYLES AND LOADING

Define a reusable style file
New baseline: the commands below define this example.

Define all fourteen RWTH colour variables first, then use those names
in the style commands. RWTH_BLUE selects the curve colour;
RWTH_GRAY_50 selects the border colour. Save the commands
through unset grid as config/my-style.gp; the complete file and
download follow this example. Keep terminal, output, ranges, data
and plot commands in the individual plot. Each definition is visible
here and takes effect before its first use.

PLT-30-001 · Generated from the complete Bash block

config/my-style.gp Create this text file in the project; copy the commands
through unset grid, omitting the final comment.

RWTH_BLUE = '#00549F' Define RWTH blue as a named hexadecimal RGB string
before using it.

RWTH_GRAY_50 = '#9C9E9F' Name the grey used by the border; all other palette
colours are defined above too.

lc rgb RWTH_BLUE Use the previously defined colour for the first series,
with linewidth 3.

lc rgb RWTH_GRAY_50 Use the previously defined grey for the left and bottom
borders.

unset grid Make grid lines an explicit choice in each plot.

RWTH_BLUE = '#00549F'

RWTH_BLUE_75 = '#407FB7'

RWTH_BLUE_50 = '#8EBAE5'

RWTH_BLUE_25 = '#C7DDF2'

RWTH_BLUE_10 = '#E8F1FA'

RWTH_GRAY_75 = '#646567'

RWTH_GRAY_50 = '#9C9E9F'

RWTH_GRAY_25 = '#CFD1D2'

RWTH_GRAY_10 = '#ECEDED'

RWTH_ORANGE = '#F6A800'

RWTH_GREEN = '#57AB27'

RWTH_RED = '#CC071E'

RWTH_TURQUOISE = '#0098A1'

RWTH_LILAC = '#7A6FAC'

set linetype 1 lc rgb RWTH_BLUE lw 3

set border 3 back lw 0.6 lc rgb RWTH_GRAY_50

set tics nomirror out scale 0.4

unset grid

# End of config/my-style.gp

set xrange [-4:4]

plot sin(x) title 'sin(x)', cos(x) title 'cos(x)'
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COMPLETE STYLE FILE / PLT-30-001

config/my-style.gp
Save this file at config/my-style.gp in your working directory. Download my-style.gp

# Minimal reusable style from chapter 30. No terminal, output or data commands.

# Define the complete RWTH palette before using any colour.

RWTH_BLUE = '#00549F'

RWTH_BLUE_75 = '#407FB7'

RWTH_BLUE_50 = '#8EBAE5'

RWTH_BLUE_25 = '#C7DDF2'

RWTH_BLUE_10 = '#E8F1FA'

RWTH_GRAY_75 = '#646567'

RWTH_GRAY_50 = '#9C9E9F'

RWTH_GRAY_25 = '#CFD1D2'

RWTH_GRAY_10 = '#ECEDED'

RWTH_ORANGE = '#F6A800'

RWTH_GREEN = '#57AB27'

RWTH_RED = '#CC071E'

RWTH_TURQUOISE = '#0098A1'

RWTH_LILAC = '#7A6FAC'

# Plot appearance

set linetype 1 lc rgb RWTH_BLUE lw 3

set border 3 back lw 0.6 lc rgb RWTH_GRAY_50

set tics nomirror out scale 0.4

unset grid
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PLT-30-002 / CUSTOM STYLES AND LOADING

Load a project or personal style
Compare with PLT-30-001 · Define a reusable style file.

Replace the inline settings with load. Save the downloaded my-
style.gp in a config folder in your working directory. Run from that
directory: paths are relative to the process working directory,
including paths inside a loaded file. This refactoring keeps the same
picture. For a personal copy, create ~/.config/gnuplot, copy config/
my-style.gp there and instead use load '~/.config/gnuplot/my-
style.gp'. Each new gnuplot process needs its own load; -d skips
startup files but still executes this explicit command.

PLT-30-002 · Generated from the complete Bash block

load 'config/my-style.gp' Read and execute the style commands before plotting;
filenames must be quoted.

config/ A project folder relative to the current working directory.

load '~/.config/gnuplot/my-
style.gp'

Alternative personal location: ~ refers to your home
directory on macOS/Linux.

~/.gnuplot Optional startup file for ordinary gnuplot sessions; the
tour uses -d and loads styles explicitly.

load 'config/my-style.gp'

set xrange [-4:4]

plot sin(x) title 'sin(x)', cos(x) title 'cos(x)'
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PLT-30-003 / CUSTOM STYLES AND LOADING

Load RWTH–Tufte for a line plot
Compare with PLT-30-002 · Load a project or personal style.

The complete rwth-tufte.gp file follows this example, with a
download. Create a config folder in your working directory and save
the downloaded file there. Load this one file, then choose the plot
geometry explicitly with with lines. The file supplies named colours,
series, quiet axes, bar fills and a sequential blue palette, without
selecting a terminal, output file or data ranges. Enable the legend for
these two named curves. The font settings adapt the style’s small-
figure defaults to the 1200-by-600 tour canvas.

PLT-30-003 · Generated from the complete Bash block

config/rwth-tufte.gp The reusable base; blue series, light axes, no grid and
no key until enabled.

with lines Choose line geometry in the plot; the style file does not
select a plot type.

set key top right nobox Enable a top-right legend for the named curves.

set tics; set key font Change font sizes while retaining the font family.

style -> local settings -> plot Load the appearance once, then choose the legend,
geometry and local overrides.

Complete style file Read or download rwth-tufte.gp below and save it in
config/.

load 'config/rwth-tufte.gp'

set tics font ',20'

set key top right nobox font ',20'

set xrange [-4:4]

plot sin(x) with lines title 'sin(x)', \

cos(x) with lines title 'cos(x)'
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COMPLETE STYLE FILE / PLT-30-003

config/rwth-tufte.gp
Save this file at config/rwth-tufte.gp in your working directory. Download rwth-tufte.gp

# rwth-tufte.gp -- RWTH Aachen colors / Tufte-inspired low-ink defaults

# Works with gnuplot 5.4+ (no output/terminal commands).

# ONE LOAD ONLY: load '~/.config/gnuplot/rwth-tufte.gp'

# or             load 'config/rwth-tufte.gp' (project-local)

# Plot types are selected with 'with lines', 'with boxes', 'with points', etc.

# Do not load another .gp file just to change plot geometry.

# This is not an official RWTH graphical standard.

# No reset, terminal, output, title, plot ranges, fixed margins, or

# forced data geometry. Each plot explicitly selects its own 'with' style.

# Named colors (RWTH Aachen color palette)

RWTH_BLUE = '#00549F'

RWTH_BLUE_75 = '#407FB7'

RWTH_BLUE_50 = '#8EBAE5'

RWTH_BLUE_25 = '#C7DDF2'

RWTH_BLUE_10 = '#E8F1FA'

RWTH_GRAY_75 = '#646567'

RWTH_GRAY_50 = '#9C9E9F'

RWTH_GRAY_25 = '#CFD1D2'

RWTH_GRAY_10 = '#ECEDED'

RWTH_ORANGE = '#F6A800'

RWTH_GREEN = '#57AB27'

RWTH_RED = '#CC071E'

RWTH_TURQUOISE = '#0098A1'

RWTH_LILAC = '#7A6FAC'

# Line and point series: color + varying point/line shapes aid print reading

set linetype 1 lc rgb RWTH_BLUE lw 1.8 pt 7 ps 0.75

set linetype 2 lc rgb RWTH_BLUE_75 lw 1.6 pt 5 ps 0.75

set linetype 3 lc rgb RWTH_TURQUOISE lw 1.6 pt 9 ps 0.75

set linetype 4 lc rgb RWTH_ORANGE lw 1.6 pt 11 ps 0.75

set linetype 5 lc rgb RWTH_GREEN lw 1.6 pt 13 ps 0.75

set linetype 6 lc rgb RWTH_RED lw 1.6 pt 3 ps 0.75

set linetype 7 lc rgb RWTH_LILAC lw 1.6 pt 4 ps 0.75

set linetype 8 lc rgb RWTH_GRAY_75 lw 1.3 pt 6 ps 0.75

set linetype cycle 8
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# Minimal non-data ink; no enclosing box, no default grid

unset grid

set border 3 back lw 0.6 lc rgb RWTH_GRAY_50

set tics nomirror out scale 0.4

set xtics font ',10' textcolor rgb RWTH_GRAY_75

set ytics font ',10' textcolor rgb RWTH_GRAY_75

set xlabel font ',11' textcolor rgb RWTH_GRAY_75

set ylabel font ',11' textcolor rgb RWTH_GRAY_75

set title font ',12' textcolor rgb RWTH_GRAY_75

# Only show key when a plot really needs it

set key nobox font ',10' spacing 1.1

unset key

# Reusable line styles for plot-specific reference lines or faint grid

set style line 101 lc rgb RWTH_GRAY_25 lw 0.6

set style line 102 lc rgb RWTH_GRAY_50 lw 0.9

# Common bar/histogram defaults (do not force 'with histograms' / 'with boxes')

set boxwidth 0.65 relative

set style fill solid 0.85 noborder

set style histogram clustered gap 2

# Sequential palette: readable when rasterized or printed

set palette defined ( 0.00 RWTH_BLUE_10, \

0.25 RWTH_BLUE_25, \

0.50 RWTH_BLUE_50, \

0.75 RWTH_BLUE_75, \

1.00 RWTH_BLUE )

# Optional configuration for *one plot* (not global):

#   set key top right nobox

#   set grid ytics ls 101

#   set yrange [0:*]

#   set term svg size 900,360   # Babel :file chooses terminal automatically

# --- Ready for many plot geometries with this ONE file ---

# lines:       plot sin(x) with lines

# scatter:     plot 'data' using 1:2 with points

# boxes:       set yrange [0:*]; plot 'data' using 2:xticlabels(1) with boxes

# histogram:   set style histogram rowstacked  # only when stacking is intended

# boxplots:    plot 'data' using 1:2 with boxplot

# error bars:  plot 'data' using 1:2:3 with yerrorbars

# heatmaps:    set view map; set pm3d map; splot f(x,y) with pm3d

# contours:    set view map; unset surface; set contour base; splot f(x,y)
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# 3D:         set border 4095; splot f(x,y) with lines

# polar:       set polar; set angles degrees; plot f(t) with lines

# time:        set xdata time; set timefmt '%Y-%m-%d'

# stacked:     set style histogram rowstacked

#                 plot 'data' using 2:xticlabels(1) with histograms, \

#                      '' using 3 with histograms

# Diverging palette (only if signed quantity requires centered color scale):

#    set palette defined (0 RWTH_BLUE, 0.5 '#FFFFFF', 1 RWTH_ORANGE)

#

# These commands describe the data/geometry and belong to individual plots.

# This file supplies the common *appearance*, without changing the plot type.
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PLT-30-004 / CUSTOM STYLES AND LOADING

Use the library’s named colours
Compare with PLT-30-003 · Load RWTH–Tufte for a line plot.

Keep the loaded style and line geometry, then select named colours
for individual series. RWTH_GREEN and RWTH_ORANGE are variables
defined by the base file, so load it before using them. Explicit line
colours override the corresponding series defaults without changing
the axes or other series. Different dash patterns also distinguish the
curves.

PLT-30-004 · Generated from the complete Bash block

lc rgb RWTH_GREEN Use the named green colour defined by the base file.

lc rgb RWTH_ORANGE Use the named orange colour for this series.

dt 1; dt 2 Select solid and dashed lines in addition to the colour
distinction.

load 'config/rwth-tufte.gp'

set tics font ',20'

set key top right nobox font ',20'

set xrange [-4:4]

plot sin(x) with lines lc rgb RWTH_GREEN dt 1 title 'sin(x)', \

cos(x) with lines lc rgb RWTH_ORANGE dt 2 title 'cos(x)'
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PLT-30-005 / CUSTOM STYLES AND LOADING

Override a style for one plot
Compare with PLT-30-004 · Use the library’s named colours.

Add a faint horizontal grid after loading the style. The base defines
line style 101 as a light grey reference line. Loading the base again
after set grid would unset the grid, so put local overrides last. The
same rule applies to legends, fonts, fills and palettes. Each tour plot
uses a fresh process; this override does not carry into another
example.

PLT-30-005 · Generated from the complete Bash block

set grid ytics Draw horizontal guides at the major y ticks.

back ls 101 Draw behind the data using the base file’s faint grey line
style.

Override order Apply local settings after the load command; the last
setting of a property wins.

load 'config/rwth-tufte.gp'

set tics font ',20'

set key top right nobox font ',20'

set xrange [-4:4]

set grid ytics back ls 101

plot sin(x) with lines lc rgb RWTH_GREEN dt 1 title 'sin(x)', \

cos(x) with lines lc rgb RWTH_ORANGE dt 2 title 'cos(x)'
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REFERENCE AND PROVENANCE

Keep exploring

This guide explains the commands and arguments used in its examples;
it is not an exhaustive language manual. Data are deliberately small and
synthetic. Figures are generated by gnuplot itself.

All examples were executed with gnuplot 6.0.5. Sectors require gnuplot
6; 3D filledcurves requires 6.0.2 or later. Default styles, patterns and
text metrics can vary by version, terminal and installed fonts.

Primary references

Official gnuplot 6 manual: commands, plot styles, expressions and
macros.
Official demonstration gallery: broader feature catalogue.
Gallery licence and coverage review: upstream terms and six original
step-by-step additions.
Official stats demonstration: statistics used to annotate a plot.
Official grouping-mark demonstration: adjustable group brackets
using newer marks syntax; chapter 19 uses vector segments on
gnuplot 6.0.5.
stats command reference: column summaries and named statistics.
Official spiderplot documentation: spoke axes, row-based polygons
and legends.
Spiderplot style settings: fill, line and point options.
Official heatmap demonstration: matrix and coordinate-grid input.
PCA documentation: component scores and explained variance,
calculated before plotting.
Official sectors demo: annular-sector field conventions.
gnuplot 6.0.2 release notes: minimum version for filled 3D waterfalls.
Official signal-waterfall demo: drawing order in 3D.
Org Babel shell documentation: running and tangling Bash blocks.

Files and reproducibility

The PDF includes the Org source and ID index as attachments. The project ZIP
includes Org, generated Bash scripts, SVG figures and both editions. Each build
records source hashes and gnuplot diagnostics.

The HTML embeds its figures and source downloads and works offline. Download
the rendered PDF from the opening page for offline reading.

Layout inspiration: the compact code-and-plot approach in Lee Phillips's gnuplot
5 reference. This guide's examples and explanations are original.• 

• 
• 

• 
• 
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• 
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Example and command index

PLT-01-001 · Start with one command

PLT-01-002 · Change the function

PLT-01-003 · Add a second curve

PLT-01-004 · Name the curves

PLT-01-005 · Hide the legend

PLT-01-006 · Choose the horizontal interval

PLT-01-007 · Leave room above and below

PLT-01-008 · See coarse sampling of a function

PLT-01-009 · Increase samples without changing the function

PLT-01-010 · Break a line at an excluded interval

PLT-02-001 · Use variables for repeated numbers

PLT-02-002 · Change one variable

PLT-02-003 · Name the expression as a function

PLT-02-004 · Use a string variable directly

PLT-02-005 · Avoid accidental integer division

PLT-02-006 · Calculate and combine functions

PLT-02-007 · Scale and shift a function with arithmetic

PLT-02-008 · Calculate the secant through two points

PLT-02-009 · Calculate a tangent from the known derivative

PLT-02-010 · Move the tangent by changing one variable

PLT-02-011 · Estimate a tangent with a numerical derivative

PLT-02-012 · Compare numerical derivative step sizes

PLT-03-001 · Read columns and calculate plotted values

PLT-03-002 · Read CSV headers and use them in the legend

PLT-03-003 · Compare missing values with invalid values

PLT-03-004 · Filter observations with a column expression

PLT-03-005 · Select every second data row

PLT-03-006 · Select datasets separated by blank records

PLT-03-007 · Read dates and format their tick labels

PLT-03-008 · Place ticks at calendar-month intervals

PLT-03-009 · Read timestamps and show hourly ticks

PLT-04-001 · Prepare a simple tick example

PLT-04-002 · Place a tick every two units

PLT-04-003 · Halve the tick interval

PLT-04-004 · Use half-unit ticks

PLT-04-005 · Set start, increment and end

PLT-04-006 · Choose irregular tick positions

PLT-04-007 · Change y ticks independently

PLT-04-008 · Remove x ticks

PLT-04-009 · Remove y ticks

PLT-04-010 · Keep marks but hide their labels

PLT-05-001 · Observe automatic range rounding

PLT-05-002 · Keep automatic ranges at the exact extrema

PLT-05-003 · Pad the data range with offsets

PLT-05-004 · Let the upper x limit be automatic

PLT-05-005 · Reverse the horizontal direction

PLT-05-006 · Reverse the vertical direction

PLT-05-007 · Begin with a positive function

PLT-05-008 · Use a base-10 logarithmic y axis

PLT-05-009 · Use a base-2 logarithmic y axis
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PLT-05-010 · Format logarithmic ticks as powers

PLT-05-011 · Link a second axis in different units

PLT-05-012 · Plot a separate quantity on the right axis

PLT-06-001 · Replace numbers with words

PLT-06-002 · Add one labelled tick

PLT-06-003 · Rotate tick labels

PLT-06-004 · Stand tick labels vertically

PLT-06-005 · Left-align horizontal tick labels

PLT-06-006 · Offset tick labels

PLT-06-007 · Increase tick-label size

PLT-06-008 · Colour tick-label text

PLT-06-009 · Use a different tick-label font

PLT-06-010 · Keep labels and hide tick strokes

PLT-06-011 · Print one decimal place

PLT-06-012 · Format values as percentages

PLT-06-013 · Use scientific tick notation

PLT-06-014 · Use engineering prefixes on ticks

PLT-06-015 · Label an angular axis in multiples of pi

PLT-07-001 · Remove mirrored ticks

PLT-07-002 · Point ticks outward

PLT-07-003 · Lengthen major ticks

PLT-07-004 · Give the two axes different tick lengths

PLT-07-005 · Add a minor tick halfway

PLT-07-006 · Add four minor ticks

PLT-07-007 · Set major and minor lengths

PLT-07-008 · Subdivide the vertical axis

PLT-07-009 · Show minor ticks on a logarithmic axis

PLT-07-010 · Add a major grid

PLT-07-011 · Show a lighter minor grid

PLT-07-012 · Use dashed grid lines

PLT-07-013 · Keep only horizontal grid lines

PLT-07-014 · Draw the grid at the back

PLT-07-015 · Draw the grid at the front

PLT-08-001 · Name the x axis

PLT-08-002 · Name the y axis

PLT-08-003 · Move the x label downward

PLT-08-004 · Make the y label horizontal

PLT-08-005 · Use subscripts and superscripts

PLT-08-006 · Add a figure title

PLT-08-007 · Increase the title font

PLT-08-008 · Write a two-line title

PLT-09-001 · Increase line width

PLT-09-002 · Choose an explicit line colour

PLT-09-003 · Use a dashed line

PLT-09-004 · Plot sampled points

PLT-09-005 · Choose the point symbol

PLT-09-006 · Increase point size

PLT-09-007 · Connect the points

PLT-09-008 · Show a symbol at every tenth sample

PLT-09-009 · Limit the total number of point symbols

PLT-09-010 · Fill down to zero

PLT-09-011 · Make the fill translucent

PLT-09-012 · Fill between two curves

PLT-09-013 · Set different defaults for data and functions

PLT-09-014 · Quick reference: line types

PLT-09-015 · Quick reference: line widths

PLT-09-016 · Quick reference: dash patterns

PLT-09-017 · Quick reference: point symbols

PLT-09-018 · Quick reference: point sizes

PLT-09-019 · Quick reference: fill patterns
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PLT-09-020 · Quick reference: lines, steps and impulses

PLT-10-001 · Move the legend to the lower left

PLT-10-002 · Move the legend to the upper left

PLT-10-003 · Move the legend outside

PLT-10-004 · Place a horizontal legend below

PLT-10-005 · Draw a legend box

PLT-10-006 · Give the legend an opaque background

PLT-10-007 · Give the legend a title

PLT-10-008 · Anchor the legend with graph coordinates

PLT-10-009 · Enlarge legend text

PLT-10-010 · Lengthen legend samples

PLT-10-011 · Increase spacing between entries

PLT-10-012 · Arrange the legend in two columns

PLT-10-013 · Reverse legend entry order

PLT-10-014 · Reverse sample placement without reordering entries

PLT-11-001 · Keep only left and bottom borders

PLT-11-002 · Restore all four borders

PLT-11-003 · Keep just the bottom border

PLT-11-004 · Put the frame and ticks at the top and right

PLT-11-005 · Thicken the remaining borders

PLT-11-006 · Colour the border and tick strokes

PLT-11-007 · Use a dashed border

PLT-11-008 · Shorten borders to the data extent

PLT-11-009 · Draw the zero axes

PLT-11-010 · Put ticks on the zero axes

PLT-11-011 · Remove the outer frame

PLT-11-012 · Style the horizontal zero reference

PLT-12-001 · Compare five coordinate systems

PLT-12-002 · Change ranges while retaining annotation anchors

PLT-12-003 · Place text at a data point

PLT-12-004 · Offset a label from its point

PLT-12-005 · Anchor text to the plot region

PLT-12-006 · Centre text on its anchor

PLT-12-007 · Give a label an opaque text box

PLT-12-008 · Rotate an annotation along a trend

PLT-12-009 · Draw an arrow between points

PLT-12-010 · Control arrowhead size and angles

PLT-12-011 · Quick reference: arrowheads

PLT-12-012 · Clip a segment whose endpoints are both outside

PLT-12-013 · Highlight an x interval

PLT-12-014 · Compare object layers behind and in front

PLT-13-001 · Change the canvas shape

PLT-13-002 · Change the overall font size

PLT-13-003 · Make the plot region square

PLT-13-004 · Set an explicit plot aspect ratio

PLT-13-005 · Compare geometry on automatic axes

PLT-13-006 · Give x and y equal physical units

PLT-13-007 · Reserve more left margin

PLT-13-008 · Reserve more bottom margin

PLT-13-009 · Place the plot borders explicitly

PLT-13-010 · Reserve space above the plot

PLT-13-011 · Compare character margins with screen margins

PLT-14-001 · Distinguish line types from user line styles

PLT-14-002 · Replace a style fragment with a macro

PLT-14-003 · Change the macro in one place

PLT-14-004 · Reuse one style for two curves

PLT-14-005 · Define and reuse a numbered line style

PLT-14-006 · Override one property of a reusable style

PLT-14-007 · Share geometry but vary colour

PLT-14-008 · Put a range into a macro
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PLT-14-009 · Bundle several setup commands

PLT-14-010 · Build a macro with string concatenation

PLT-14-011 · Format a numeric macro parameter

PLT-14-012 · See where a macro does not expand

PLT-14-013 · Pass the title variable correctly

PLT-14-014 · Execute constructed text with eval

PLT-14-015 · Combine a plot loop with a style macro

PLT-14-016 · Build macro text with a function parameter

PLT-14-017 · Pass parameters to a reusable command block

PLT-14-018 · Reset plot settings within a session

PLT-15-001 · Plot measurements by record number

PLT-15-002 · Calculate and draw the mean

PLT-15-003 · Locate the minimum by its record index

PLT-15-004 · Locate the maximum as well

PLT-15-005 · Use the actual x positions

PLT-15-006 · Transform x consistently for statistics and plotting

PLT-15-007 · Draw the linear trend from two-column statistics

PLT-15-008 · Show the computed summary beside the plot

PLT-15-009 · Move the maximum by changing only the data

PLT-15-010 · Move the minimum without editing annotations

PLT-15-011 · Begin with observations for an exponential fit

PLT-15-012 · Overlay an initial decay model

PLT-15-013 · Let fit estimate the decay parameters

PLT-15-014 · Display fitted values and their uncertainties

PLT-15-015 · Inspect residuals after fitting

PLT-15-016 · Start an interpolation with six samples

PLT-15-017 · Connect samples with straight lines

PLT-15-018 · Replace joins with a cubic spline

PLT-15-019 · Preserve monotonicity with mcsplines

PLT-15-020 · Compare interpolation choices in one figure

PLT-16-001 · Create two side-by-side panels

PLT-16-002 · Stack the same panels vertically

PLT-16-003 · Use a two-by-two layout

PLT-16-004 · Fill panels down columns first

PLT-16-005 · Specify shared outer margins

PLT-16-006 · Increase the gap between columns

PLT-16-007 · Reduce the gap again

PLT-16-008 · Add a shared figure title

PLT-16-009 · Share an x scale across stacked panels

PLT-16-010 · Create an inset manually

PLT-16-011 · See settings persist between panels

PLT-16-012 · Clear a setting before the next panel

PLT-17-001 · Write an SVG with explicit terminal settings

PLT-17-002 · Export the same plot as a PNG image

PLT-17-003 · Export a PDF at a physical page size

PLT-17-004 · Export a PNG with a transparent background

PLT-18-001 · Start with three bars

PLT-18-002 · Set an exact bar width

PLT-18-003 · Fill the bars

PLT-18-004 · Use category names

PLT-18-005 · Write values above the bars

PLT-18-006 · Colour each category

PLT-18-007 · Put two series side by side

PLT-18-008 · Widen the gap between groups

PLT-18-009 · Use hatching for the series

PLT-18-010 · Stack the series by row

PLT-18-011 · Normalize every stack to 100 percent

PLT-18-012 · Turn bars horizontally

PLT-19-001 · Start with labelled bars

PLT-19-002 · Leave one empty position between groups
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PLT-19-003 · Colour bars by group

PLT-19-004 · Derive group labels and widths from the data

PLT-19-005 · Scale a bracket to each group

PLT-19-006 · Add a centred stem to the reusable shape

PLT-19-007 · Widen a group by adding only a row

PLT-19-008 · Detect an extra group and a new maximum

PLT-20-001 · Bin raw observations into counts

PLT-20-002 · Halve the bin width

PLT-20-003 · Leave small gaps between bins

PLT-20-004 · Shift the bin boundaries

PLT-20-005 · Show probability per bin

PLT-20-006 · Make the histogram a density

PLT-20-007 · Display bin shares as percentages

PLT-20-008 · Show the empirical cumulative distribution

PLT-21-001 · Add symmetric error bars

PLT-21-002 · Connect the uncertain measurements

PLT-21-003 · Use asymmetric bounds

PLT-21-004 · Show uncertainty as a ribbon

PLT-21-005 · Summarize groups with boxplots

PLT-21-006 · Change the boxplot whisker rule

PLT-21-007 · Encode a third quantity as bubble area

PLT-21-008 · Draw vectors from component data

PLT-21-009 · Begin a price chart with closing values

PLT-21-010 · Show open, close, low and high as candlesticks

PLT-21-011 · Narrow the candlestick bodies

PLT-21-012 · Colour rising and falling sessions from the data

PLT-21-013 · Annotate the automatically detected high and low

PLT-21-014 · See why repeated points hide observations

PLT-21-015 · Separate overlapping observations with jitter

PLT-21-016 · Increase the swarm separation

PLT-21-017 · Limit horizontal displacement with wrap

PLT-21-018 · Overlay automatically computed group means

PLT-22-001 · Plot prepared PCA scores

PLT-22-002 · Distinguish PCA groups by colour and symbol

PLT-22-003 · Label selected PCA samples

PLT-22-004 · Draw PCA group-spread ellipses

PLT-22-005 · Colour PCA points by a continuous measurement

PLT-22-006 · Overlay variable arrows in a PCA biplot

PLT-22-007 · Connect multiple measurements with parallel axes

PLT-22-008 · Fix meaningful ranges for each parallel axis

PLT-22-009 · Colour parallel lines by design group

PLT-22-010 · Reverse the cost axis to align preferences

PLT-22-011 · Align all axes so higher means preferable

PLT-23-001 · Start with a simple colour map

PLT-23-002 · Choose a diverging palette

PLT-23-003 · Expand the colour range

PLT-23-004 · Set colourbar tick spacing

PLT-23-005 · Label the colourbar

PLT-23-006 · Hide the colourbar

PLT-23-007 · Place a horizontal colourbar

PLT-23-008 · Reduce a palette to discrete colour bands

PLT-23-009 · Reverse the palette direction

PLT-23-010 · Use a logarithmic colour scale

PLT-23-011 · Colour points using a third data column

PLT-23-012 · Share one colourbar across two panels

PLT-24-001 · Draw a heatmap from a matrix

PLT-24-002 · Put the first matrix row at the top

PLT-24-003 · Label heatmap rows and columns

PLT-24-004 · Print the value inside every cell

PLT-24-005 · Draw lines between heatmap cells
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PLT-24-006 · Use a symmetric palette for signed values

PLT-24-007 · Leave missing heatmap cells blank

PLT-24-008 · Read a heatmap as x, y and value triples

PLT-25-001 · Draw a wireframe surface

PLT-25-002 · Remove hidden wireframe lines

PLT-25-003 · Colour the surface height

PLT-25-004 · Change the surface viewing angle

PLT-25-005 · Compare coarse and fine surface sampling

PLT-25-006 · Project contour lines into a map

PLT-25-007 · Choose only specific contour levels

PLT-25-008 · Draw a polar curve

PLT-25-009 · Add a polar grid

PLT-26-001 · Start a native spider plot

PLT-26-002 · Add the polygonal spiderweb

PLT-26-003 · Change the number of web rings

PLT-26-004 · Show numeric notation on every spoke

PLT-26-005 · Give each spoke a meaningful name

PLT-26-006 · Rotate individual spoke labels

PLT-26-007 · Move spoke names radially outward

PLT-26-008 · Style the spoke-name font and colour

PLT-26-009 · Use multiline and literal spoke names

PLT-26-010 · Format a spoke scale as percentages

PLT-26-011 · Use words for radial tick levels

PLT-26-012 · Change numeric tick text and offset

PLT-26-013 · Rotate numeric tick labels explicitly

PLT-26-014 · Give spokes different units and ranges

PLT-26-015 · Reverse a lower-is-better spoke

PLT-26-016 · Choose which variable starts at the top

PLT-26-017 · Fill the polygon transparently

PLT-26-018 · Remove the polygon border

PLT-26-019 · Mark every polygon vertex

PLT-26-020 · Choose a dashed polygon outline

PLT-26-021 · Style the radial spoke lines

PLT-26-022 · Style and layer the web grid

PLT-26-023 · Compare several rows and name the series

PLT-26-024 · Combine separate datasets with newspiderplot

PLT-27-001 · Draw a single sector

PLT-27-002 · Complete a three-slice pie

PLT-27-003 · Assign distinct slice colours

PLT-27-004 · Separate slices with white borders

PLT-27-005 · Label the percentages

PLT-27-006 · Open a donut hole

PLT-27-007 · Make the donut ring thinner

PLT-27-008 · Reverse the angular direction

PLT-27-009 · Add a central total

PLT-28-001 · Start with one floating rectangle

PLT-28-002 · Arrange a sequence of intervals

PLT-28-003 · Derive intervals from signed changes

PLT-28-004 · Colour totals, gains and losses

PLT-28-005 · Connect the running levels

PLT-28-006 · Print the signed changes

PLT-28-007 · Narrow the waterfall bars

PLT-28-008 · Draw a small schedule from task intervals

PLT-28-009 · Replace schedule lines with interval boxes

PLT-28-010 · Show calendar dates on the schedule

PLT-28-011 · Overlay the completed fraction of each task

PLT-28-012 · Adapt the schedule range when a task is added

PLT-29-001 · Draw a family of related curves

PLT-29-002 · Separate curves with a vertical offset

PLT-29-003 · Increase the separation
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PLT-29-004 · Fill offset curves back to front

PLT-29-005 · Move the signal waterfall into 3D

PLT-29-006 · Fill the 3D waterfall slices

PLT-30-001 · Define a reusable style file

PLT-30-002 · Load a project or personal style

PLT-30-003 · Load RWTH–Tufte for a line plot

PLT-30-004 · Use the library’s named colours

PLT-30-005 · Override a style for one plot

Content: CC0 1.0. Structure and publishing framework: CC BY 4.0 by Lukas C. Bossert. Repository source · Publishing framework source · License scope and third-

party notices.
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#+title: gnuplot, one change at a time
#+subtitle: 358 small examples: layout, plot families and reusable commands
#+language: en
#+date: 2026-10-12
#+options: toc:2 num:nil ^:nil
#+property: header-args:bash :session none :dir . :results silent :exports code :eval never-export :mkdirp yes :shebang #!/usr/bin/env bash :comments no :padline yes

* A visual reference
:PROPERTIES:
:CUSTOM_ID: PLT-00-001
:GUIDE_ROLE: cover
:END:
From a first curve to layout, plot families and reusable commands.
Complete source. A small change. Its actual result.

[[https://codeberg.org/lukascbossert/gnuplot-tour][Source on Codeberg]] -
[[mailto:info@emaix.org][Contact: info@emaix.org]].

The Org file is the canonical source. Read the HTML guide beside your work,
or download its PDF and source for offline reading.

*Updated: 2026-10-12.*

* Reading the tour
:PROPERTIES:
:CUSTOM_ID: PLT-00-002
:GUIDE_ROLE: reading
:GUIDE_TITLE: Three ways to see a change
:END:
#+begin_flow
#+begin_way
*Plotting code*

Read the complete commands and the explanation of new parameters.
#+end_way

#+begin_way
*Actual figure*

Inspect the generated plot alongside its code. Open a thumbnail to jump to its example.
#+end_way

#+begin_way
*One change*

Compare the named baseline with Before / After controls and highlighted source lines.
#+end_way
#+end_flow

Follow the chapters from first plots, variables and data to axes, styling,
reusable commands and statistics. Then choose a plot family: bars and grouping,
distributions and scatter plots, colour maps and heatmaps, surfaces and radar
charts, sectors and waterfalls. Every comparison points to an earlier example.

Each example uses the plotting commands shown beside its figure. Chapter 30
explains custom styles and shows the complete files to save before loading them.
Its load commands are visible; earlier examples write any chosen RWTH colours
as hexadecimal values directly in their commands and use no additional style files.

Start with =plot sin(x)=. There are no exercises and no hidden accumulating
session: every plot block starts its own gnuplot process. Blue lines differ
from the named comparison. The HTML has Before / After switches; the PDF
shows the resulting plot. Some refactoring examples deliberately produce
the same picture. Read each plotting command beside its resulting figure.

Read from the beginning or jump to a stable example ID. Each example includes
its complete input and captured result. Copy link preserves the address of the
guide you are reading, including its current domain and path.


* How to read and rebuild this guide
:PROPERTIES:
:GUIDE_ROLE: maintainer
:END:

Begin with =plot sin(x)=. Each example shows a small explicit change, its result, and the meaning of new arguments. Full command sequences are repeated; every Bash block starts its own gnuplot process. Some refactoring examples intentionally produce an unchanged picture. PLT-09-014 through PLT-09-019 are condensed, labelled reference sheets for line types, dash patterns, line widths, point symbols, point sizes and fill patterns.

This Org file is the canonical source for examples, explanations, parameter tables, IDs with publishing maintained in the shared exporter. The build reads this file directly. All source blocks are Bash. Plot blocks invoke gnuplot through quoted heredocs; the shared publisher handles document layout. Python does not draw the plots.

The HTML opens with a searchable thumbnail overview of every plot, grouped by topic. Click any thumbnail to jump to its entry; each entry links back to its thumbnail. Before/After controls, line-change highlighting, searchable navigation and embedded figures support comparison. The PDF includes the same linked overview. The PDF uses the same content, with code and figure together on each example page. The PDF also embeds this source and the ID index as attachments.

** Rebuilding

In the unpacked project directory, run =bash build.sh=. It renders prepared plots through the shared publisher. Outputs are =build/gnuplot-tour.html= and =build/gnuplot-reference.pdf=. Use =make prepare= in this tour folder to execute reviewed plot blocks and track style dependencies.

Alternatively, open this Org in Emacs, load =(require 'ob-shell)=, tangle with =C-c C-v t=, then run =bash build.sh=. Execute an individual plot block with =C-c C-c=. Native Org HTML export remains available after plots have been rendered; the included custom exporter supplies the paired layout and comparison controls.


** Repository identity

Source repository: [[https://codeberg.org/lukascbossert/gnuplot-tour][gnuplot Tour on Codeberg]]. Contact: [[mailto:info@emaix.org][info@emaix.org]]. These public links appear in the guide header.

The HTML description metadata is defined in the export implementation below. =assets/gnuplot-tour-icon.svg= is the editable vector icon; =assets/gnuplot-tour-icon.png= is the 512-by-512 repository avatar for Codeberg. The custom HTML exporter embeds the SVG as its favicon and in the page header and navigation, so the exported page remains self-contained.

** Stable plot identifiers

A plot ID such as =PLT-20-003= identifies the tour (=PLT=), chapter (=15=) and example within that chapter (=003=). The example number starts at =001= in each chapter; =000= is the chapter anchor. IDs are independent of PDF pages. Keep an ID when editing; allocate the next unused number for a new plot; never reuse a retired ID. This edition numbers examples in reading order within their chapters. Future reorganisations must update IDs, links, comparison targets and generated filenames together.

Each ID appears in its heading, =PLOT_ID= and =CUSTOM_ID= properties, SVG label, output filename and HTML anchor. =COMPARE_TO= identifies the baseline. The generated =plot-index.csv= records reading order separately. Label tag 999 is reserved for the visible identifier.

To add an example, copy a related entry, choose its next topic ID, update those identity fields and its output filename/label, then explain the new parameters. The builder rejects duplicate IDs, broken or cyclic comparisons, and mismatched output labels.

** Shared Bash and output wrapper

=-d= skips gnuplot startup configuration. =<<'GP'= sends a quoted heredoc so Bash does not expand =$D= or =$1=. The terminating =GP= must be alone on its line.

The wrapper selects UTF-8, SVG, a 1200-by-600 canvas, enhanced-text mode, a nominal sans font size of 20 and an opaque white background. =set output= chooses the file and =unset output= closes it. Some examples explicitly override terminal size or font.

Label 999 prints the plot ID at =screen 0.985,0.975=, fractions of canvas width and height. =right= aligns its text to that position; =front= draws it above other layers. =font ",12"= keeps the font family and changes size; =textcolor rgb "#646567"= selects RWTH grey. The concise reading view omits this repeated wrapper; each complete Bash block includes it.

#+name: plotting-script-header
#+begin_src bash :tangle gnuplot-tour.sh
set -euo pipefail
#+end_src

* 01 路 First picture
:PROPERTIES:
:CUSTOM_ID: PLT-01-000
:CHAPTER: 01
:END:

** PLT-01-001 Start with one command
:PROPERTIES:
:PLOT_ID: PLT-01-001
:CUSTOM_ID: PLT-01-001
:TOPIC: 01 路 First picture
:COMPARE_TO:
:END:

gnuplot can draw a mathematical expression directly. The automatic axes, border and legend are a useful starting point.

#+name: plot-PLT-01-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-001.svg'
set label 999 'PLT-01-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-001.svg]]

| Parameter | Meaning                                                     |
|-----------+-------------------------------------------------------------|
| =plot=    | Draw a two-dimensional graph.                               |
| =sin(x)=  | Evaluate the sine function; its argument is in radians.     |
| =x=       | The independent variable sampled along the horizontal axis. |

** PLT-01-002 Change the function
:PROPERTIES:
:PLOT_ID: PLT-01-002
:CUSTOM_ID: PLT-01-002
:TOPIC: 01 路 First picture
:COMPARE_TO: PLT-01-001
:END:

Replace sine with cosine; the plotting command stays the same.

Compare with [[#PLT-01-001][PLT-01-001]].

#+name: plot-PLT-01-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-002.svg'
set label 999 'PLT-01-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
plot cos(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-002.svg]]

| Parameter | Meaning                                  |
|-----------+------------------------------------------|
| =cos(x)=  | The cosine function, also using radians. |

** PLT-01-003 Add a second curve
:PROPERTIES:
:PLOT_ID: PLT-01-003
:CUSTOM_ID: PLT-01-003
:TOPIC: 01 路 First picture
:COMPARE_TO: PLT-01-001
:END:

A comma adds another curve to the same coordinate system.

Compare with [[#PLT-01-001][PLT-01-001]].

#+name: plot-PLT-01-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-003.svg'
set label 999 'PLT-01-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
plot sin(x), cos(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-003.svg]]

| Parameter | Meaning                                               |
|-----------+-------------------------------------------------------|
| =,=       | Separates plot elements within a single plot command. |

** PLT-01-004 Name the curves
:PROPERTIES:
:PLOT_ID: PLT-01-004
:CUSTOM_ID: PLT-01-004
:TOPIC: 01 路 First picture
:COMPARE_TO: PLT-01-003
:END:

Explicit titles replace the expression text in the legend.

Compare with [[#PLT-01-003][PLT-01-003]].

#+name: plot-PLT-01-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-004.svg'
set label 999 'PLT-01-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-004.svg]]

| Parameter          | Meaning                                                                  |
|--------------------+--------------------------------------------------------------------------|
| =title=            | Set the legend text for that curve.                                      |
| ='Sine', 'Cosine'= | Quoted text is a string. Each title belongs to the preceding expression. |

** PLT-01-005 Hide the legend
:PROPERTIES:
:PLOT_ID: PLT-01-005
:CUSTOM_ID: PLT-01-005
:TOPIC: 01 路 First picture
:COMPARE_TO: PLT-01-001
:END:

Remove the legend while preserving the curve.

Compare with [[#PLT-01-001][PLT-01-001]].

#+name: plot-PLT-01-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-005.svg'
set label 999 'PLT-01-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-005.svg]]

| Parameter | Meaning                        |
|-----------+--------------------------------|
| =key=     | gnuplot鈥檚 name for the legend. |
| =unset=   | Disable the named setting.     |

** PLT-01-006 Choose the horizontal interval
:PROPERTIES:
:PLOT_ID: PLT-01-006
:CUSTOM_ID: PLT-01-006
:TOPIC: 01 路 First picture
:COMPARE_TO: PLT-01-001
:END:

Restrict the plot to one complete sine period.

Compare with [[#PLT-01-001][PLT-01-001]].

#+name: plot-PLT-01-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-006.svg'
set label 999 'PLT-01-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-006.svg]]

| Parameter    | Meaning                                                            |
|--------------+--------------------------------------------------------------------|
| =set xrange= | Set the horizontal axis limits.                                    |
| =[0:2*pi]=   | Lower limit 0, upper limit 2蟺. The colon separates the two bounds. |
| =pi; *=      | pi is the built-in constant; * means multiplication.               |

** PLT-01-007 Leave room above and below
:PROPERTIES:
:PLOT_ID: PLT-01-007
:CUSTOM_ID: PLT-01-007
:TOPIC: 01 路 First picture
:COMPARE_TO: PLT-01-006
:END:

Fix the vertical range so the curve no longer touches the top and bottom.

Compare with [[#PLT-01-006][PLT-01-006]].

#+name: plot-PLT-01-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-007.svg'
set label 999 'PLT-01-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-007.svg]]

| Parameter  | Meaning                                  |
|------------+------------------------------------------|
| =yrange=   | The vertical axis range.                 |
| =-1.5:1.5= | Lower and upper y limits, in data units. |

** PLT-01-008 See coarse sampling of a function
:PROPERTIES:
:PLOT_ID: PLT-01-008
:CUSTOM_ID: PLT-01-008
:TOPIC: 01 路 First picture
:COMPARE_TO:
:END:

gnuplot draws analytic functions by evaluating a finite set of points and connecting them. Too few samples can make a smooth function appear angular or miss features.

#+name: plot-PLT-01-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-008.svg'
set label 999 'PLT-01-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set samples 13
plot sin(3*x) with linespoints pt 7 lw 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-008.svg]]

| Parameter     | Meaning                                                           |
|---------------+-------------------------------------------------------------------|
| =samples 13=  | Evaluate the function at thirteen x positions.                    |
| =linespoints= | Expose the sample positions and the connecting straight segments. |

** PLT-01-009 Increase samples without changing the function
:PROPERTIES:
:PLOT_ID: PLT-01-009
:CUSTOM_ID: PLT-01-009
:TOPIC: 01 路 First picture
:COMPARE_TO: PLT-01-008
:END:

More samples improve the approximation and take more work. This setting controls function evaluation; it does not add observations to a data file.

Compare with [[#PLT-01-008][PLT-01-008]].

#+name: plot-PLT-01-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-009.svg'
set label 999 'PLT-01-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set samples 301
plot sin(3*x) with linespoints pt 7 pi 25 lw 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-009.svg]]

| Parameter     | Meaning                                                         |
|---------------+-----------------------------------------------------------------|
| =samples 301= | Use a denser function-evaluation grid.                          |
| =pi 25=       | Keep markers sparse while retaining the dense line.             |
| =data plots=  | Their resolution depends on the supplied data, not set samples. |

** PLT-01-010 Break a line at an excluded interval
:PROPERTIES:
:PLOT_ID: PLT-01-010
:CUSTOM_ID: PLT-01-010
:TOPIC: 01 路 First picture
:COMPARE_TO:
:END:

Conditional undefined values create a gap. More samples alone do not reliably prevent spurious lines across discontinuities or excluded regions.

#+name: plot-PLT-01-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-01-010.svg'
set label 999 'PLT-01-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-2:2]
set yrange [-5:5]
set samples 401
f(x) = abs(x)<0.2 ? 1/0 : 1/x
plot f(x) with lines lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-01-010.svg]]

| Parameter                 | Meaning                                                    |
|---------------------------+------------------------------------------------------------|
| =condition ? 1/0 : value= | Return an undefined value where the curve must be omitted. |
| =abs(x)<0.2=              | Exclude a visible interval around the singularity.         |
| =1/0=                     | gnuplot treats this expression as undefined for plotting.  |

* 02 路 Variables, functions and arithmetic
:PROPERTIES:
:CUSTOM_ID: PLT-02-000
:CHAPTER: 02
:END:

Define repeated values and named functions, then use arithmetic to transform curves and calculate secants and tangents. Each example is independent.

** PLT-02-001 Use variables for repeated numbers
:PROPERTIES:
:PLOT_ID: PLT-02-001
:CUSTOM_ID: PLT-02-001
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO:
:END:

Start with ordinary numeric variables. A variable holds a value; no textual macro expansion is needed.

#+name: plot-PLT-02-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-001.svg'
set label 999 'PLT-02-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
A = 1.0
w = 2.0
set xrange [0:2*pi]
set yrange [-2.5:2.5]
plot A*sin(w*x) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-001.svg]]

| Parameter    | Meaning                                                    |
|--------------+------------------------------------------------------------|
| =A=          | Amplitude: scales the vertical height of the sine wave.    |
| =w=          | Angular frequency: w=2 produces two cycles over 0 to 2*pi. |
| =A*sin(w*x)= | Read the variables when the expression is evaluated.       |

** PLT-02-002 Change one variable
:PROPERTIES:
:PLOT_ID: PLT-02-002
:CUSTOM_ID: PLT-02-002
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO: PLT-02-001
:END:

Doubling amplitude changes only the vertical scale of the function.

Compare with [[#PLT-02-001][PLT-02-001]].

#+name: plot-PLT-02-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-002.svg'
set label 999 'PLT-02-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
A = 2.0
w = 2.0
set xrange [0:2*pi]
set yrange [-2.5:2.5]
plot A*sin(w*x) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-002.svg]]

| Parameter | Meaning                                                       |
|-----------+---------------------------------------------------------------|
| =A = 2.0= | Peaks become +2 and -2; the displayed axis range stays fixed. |

** PLT-02-003 Name the expression as a function
:PROPERTIES:
:PLOT_ID: PLT-02-003
:CUSTOM_ID: PLT-02-003
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO: PLT-02-001
:END:

The result is intentionally unchanged. A function packages numeric calculation, while a macro will package command text.

Compare with [[#PLT-02-001][PLT-02-001]].

#+name: plot-PLT-02-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-003.svg'
set label 999 'PLT-02-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
A = 1.0
w = 2.0
set xrange [0:2*pi]
set yrange [-2.5:2.5]
f(x) = A*sin(w*x)
plot f(x) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-003.svg]]

| Parameter    | Meaning                                                                |
|--------------+------------------------------------------------------------------------|
| =f(x) = ...= | Define a numeric function with one argument; it can also read A and w. |

** PLT-02-004 Use a string variable directly
:PROPERTIES:
:PLOT_ID: PLT-02-004
:CUSTOM_ID: PLT-02-004
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO:
:END:

Many commands accept string expressions already. Titles are a simple example.

#+name: plot-PLT-02-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-004.svg'
set label 999 'PLT-02-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
TITLE = "My sine curve"
set title TITLE
set xrange [0:2*pi]
plot sin(x) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-004.svg]]

| Parameter         | Meaning                                                                 |
|-------------------+-------------------------------------------------------------------------|
| =TITLE = "..."=   | Assign text to a string variable; variable names are case-sensitive.    |
| =set title TITLE= | Pass the string value directly to the title command. No @ is necessary. |

** PLT-02-005 Avoid accidental integer division
:PROPERTIES:
:PLOT_ID: PLT-02-005
:CUSTOM_ID: PLT-02-005
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO:
:END:

When both operands are integers, division truncates its result before later calculations. At least one real operand gives real division. Multiplying an already truncated result by x cannot recover the fraction.

#+name: plot-PLT-02-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-005.svg'
set label 999 'PLT-02-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
integer_ratio = 1/2
real_ratio = 1.0/2
set xrange [0:4]
set yrange [-0.2:2.3]
set key top left
plot integer_ratio*x with lines lw 3 \
     title sprintf("1/2 = %d: slope zero",integer_ratio), \
     real_ratio*x with lines lw 3 \
     title sprintf("1.0/2 = %.1f: slope one half",real_ratio)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-005.svg]]

| Parameter      | Meaning                                                              |
|----------------+----------------------------------------------------------------------|
| =1/2=          | Both operands are integers, so the result is zero.                   |
| =1.0/2=        | A real operand makes the result 0.5.                                 |
| =real_ratio*x= | Use the calculated fraction as the slope of a line.                  |
| =%d; %.1f=     | Print the integer result and the real result with one decimal digit. |

** PLT-02-006 Calculate and combine functions
:PROPERTIES:
:PLOT_ID: PLT-02-006
:CUSTOM_ID: PLT-02-006
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO:
:END:

gnuplot evaluates arithmetic expressions directly. Define two functions, then add their values at each x position. Parentheses control evaluation order; ** means exponentiation, not multiplication.

#+name: plot-PLT-02-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-006.svg'
set label 999 'PLT-02-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x) = x**2/4.0
g(x) = (x+1)*0.5
sum_curve(x) = f(x)+g(x)
set xrange [-2:2]
set yrange [-1:3]
set key top left
plot f(x) with lines lw 3 title "f(x) = x^2/4", \
     g(x) with lines lw 3 title "g(x) = (x+1)/2", \
     sum_curve(x) with lines lw 3 title "f(x) + g(x)"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-006.svg]]

| Parameter      | Meaning                                                     |
|----------------+-------------------------------------------------------------|
| =x**2=         | Square x; exponentiation uses **.                           |
| =+; -; *; /=   | Add, subtract, multiply and divide numeric expressions.     |
| =(x+1)*0.5=    | Add one first, then multiply the entire result by one half. |
| =sum_curve(x)= | A user function can call other user functions.              |

** PLT-02-007 Scale and shift a function with arithmetic
:PROPERTIES:
:PLOT_ID: PLT-02-007
:CUSTOM_ID: PLT-02-007
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO:
:END:

Transform a curve by calculating new arguments and values. Subtracting a positive shift inside f moves it right; multiplying its result changes its amplitude; adding an offset moves it upward.

#+name: plot-PLT-02-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-007.svg'
set label 999 'PLT-02-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x) = sin(x)
amplitude = 1.5
shift = pi/2
offset = 0.5
transformed(x) = amplitude*f(x-shift)+offset
set xrange [0:2*pi]
set yrange [-2:2.5]
set key top left
plot f(x) with lines lw 3 title "Original sin(x)", \
     transformed(x) with lines lw 3 \
     title "1.5 sin(x-pi/2) + 0.5"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-007.svg]]

| Parameter          | Meaning                                                            |
|--------------------+--------------------------------------------------------------------|
| =f(x-shift)=       | Shift the curve right by pi/2 radians.                             |
| =amplitude*f(...)= | Scale the vertical variation by 1.5.                               |
| =+offset=          | Add 0.5 to every plotted y value.                                  |
| =pi=               | Built-in constant; trigonometric arguments are radians by default. |

** PLT-02-008 Calculate the secant through two points
:PROPERTIES:
:PLOT_ID: PLT-02-008
:CUSTOM_ID: PLT-02-008
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO:
:END:

A secant joins two points on the function. Its slope is the change in y divided by the change in x. The point-slope equation builds the entire line from that slope and the first point.

#+name: plot-PLT-02-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-008.svg'
set label 999 'PLT-02-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x) = x**2
a = 0.5
b = 2.0
slope = (f(b)-f(a))/(b-a)
secant(x) = f(a)+slope*(x-a)
set xrange [-1:3]
set yrange [-3:9]
set key top left
set label 1 "a" at a,f(a) offset 0,1 point pt 7 front
set label 2 "b" at b,f(b) offset 0,1 point pt 7 front
plot f(x) with lines lw 3 title "f(x) = x^2", \
     secant(x) with lines lw 3 dt 2 title "Secant through a and b"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-008.svg]]

| Parameter           | Meaning                                                    |
|---------------------+------------------------------------------------------------|
| =a; b=              | Choose distinct x positions; b-a must not be zero.         |
| =(f(b)-f(a))/(b-a)= | Calculate the average slope between the two points.        |
| =f(a)+slope*(x-a)=  | A line with the calculated slope passing through (a,f(a)). |
| =label ... point=   | Mark both points using their calculated y coordinates.     |

** PLT-02-009 Calculate a tangent from the known derivative
:PROPERTIES:
:PLOT_ID: PLT-02-009
:CUSTOM_ID: PLT-02-009
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO: PLT-02-008
:END:

The tangent uses the local derivative instead of a secant slope. Supply the derivative explicitly, then calculate t(x)=f(a)+f'(a)*(x-a). For x squared at a=1, the result is 2*x-1.

Compare with [[#PLT-02-008][PLT-02-008]].

#+name: plot-PLT-02-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-009.svg'
set label 999 'PLT-02-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x) = x**2
df(x) = 2*x
a = 1.0
slope = df(a)
tangent(x) = f(a)+slope*(x-a)
set xrange [-1:3]
set yrange [-3:9]
set key top left
set label 1 "Tangency" at a,f(a) offset 0,1 point pt 7 front
plot f(x) with lines lw 3 title "f(x) = x^2", \
     tangent(x) with lines lw 3 dt 2 \
     title sprintf("Tangent at x = %.1f",a)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-009.svg]]

| Parameter       | Meaning                                                                               |
|-----------------+---------------------------------------------------------------------------------------|
| =df(x) = 2*x=   | Define the known derivative of x squared; its name has no special meaning to gnuplot. |
| =slope = df(a)= | Evaluate the derivative at the point of tangency.                                     |
| =tangent(x)=    | Use point-slope form to calculate the tangent line.                                   |
| =a = 1.0=       | The contact point is (1,1) and its slope is two.                                      |

** PLT-02-010 Move the tangent by changing one variable
:PROPERTIES:
:PLOT_ID: PLT-02-010
:CUSTOM_ID: PLT-02-010
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO: PLT-02-009
:END:

Change only a and recalculate the slope. At a=2, the contact point becomes (2,4), the slope becomes four, and the tangent becomes 4*x-4. Assigned numeric variables are evaluated when their assignment executes.

Compare with [[#PLT-02-009][PLT-02-009]].

#+name: plot-PLT-02-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-010.svg'
set label 999 'PLT-02-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x) = x**2
df(x) = 2*x
a = 2.0
slope = df(a)
tangent(x) = f(a)+slope*(x-a)
set xrange [-1:3]
set yrange [-3:9]
set key top left
set label 1 "Tangency" at a,f(a) offset 0,1 point pt 7 front
plot f(x) with lines lw 3 title "f(x) = x^2", \
     tangent(x) with lines lw 3 dt 2 \
     title sprintf("Tangent at x = %.1f",a)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-010.svg]]

| Parameter       | Meaning                                                                     |
|-----------------+-----------------------------------------------------------------------------|
| =a = 2.0=       | Move the point of tangency to x=2.                                          |
| =slope = df(a)= | Re-evaluate this assignment after changing a.                               |
| =tangent(x)=    | A user function evaluates its expression using the current variable values. |

** PLT-02-011 Estimate a tangent with a numerical derivative
:PROPERTIES:
:PLOT_ID: PLT-02-011
:CUSTOM_ID: PLT-02-011
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO:
:END:

For a smooth function, a centered difference approximates the local slope using two nearby evaluations. This calculates an estimate rather than symbolically differentiating f. The step h must be nonzero and suitable for the function scale.

#+name: plot-PLT-02-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-011.svg'
set label 999 'PLT-02-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x) = exp(-x**2)
h = 1e-5
df(x) = (f(x+h)-f(x-h))/(2*h)
a = 0.5
slope = df(a)
tangent(x) = f(a)+slope*(x-a)
set xrange [-2:2]
set yrange [-1:1.5]
set key bottom left
set label 1 "Tangency" at a,f(a) offset 0,1 point pt 7 front
plot f(x) with lines lw 3 title "exp(-x^2)", \
     tangent(x) with lines lw 3 dt 2 \
     title sprintf("Numerical tangent: slope %.4f",slope)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-011.svg]]

| Parameter               | Meaning                                                                                      |
|-------------------------+----------------------------------------------------------------------------------------------|
| =exp(-x**2)=            | Evaluate the exponential function at minus x squared.                                        |
| =1e-5=                  | Scientific notation for 0.00001.                                                             |
| =(f(x+h)-f(x-h))/(2*h)= | Centered finite difference: change in function value divided by the full interval width.     |
| =h=                     | Controls the numerical approximation; this fixed step is an example, not a universal choice. |
| =differentiability=     | A finite difference does not guarantee a tangent exists at a cusp or discontinuity.          |

** PLT-02-012 Compare numerical derivative step sizes
:PROPERTIES:
:PLOT_ID: PLT-02-012
:CUSTOM_ID: PLT-02-012
:TOPIC: 02 路 Variables, functions and arithmetic
:COMPARE_TO: PLT-02-011
:END:

For f(x)=x cubed, the centered difference equals 3*x squared plus h squared. A large step therefore produces a visible upward error. A smaller step reduces that error here; extremely small steps can instead lose accuracy through floating-point cancellation.

Compare with [[#PLT-02-011][PLT-02-011]].

#+name: plot-PLT-02-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-02-012.svg'
set label 999 'PLT-02-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x) = x**3
exact(x) = 3*x**2
estimate(x,h) = (f(x+h)-f(x-h))/(2*h)
set xrange [-1:1]
set yrange [0:3.5]
set key top center
plot exact(x) with lines lw 5 lc rgb "#9C9E9F" \
     title "Exact derivative: 3x^2", \
     estimate(x,0.5) with lines lw 3 dt 2 lc rgb "#CC071E" \
     title "Centered difference: h=0.5", \
     estimate(x,0.05) with lines lw 2 lc rgb "#00549F" \
     title "Centered difference: h=0.05"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-02-012.svg]]

| Parameter                    | Meaning                                                                                     |
|------------------------------+---------------------------------------------------------------------------------------------|
| =estimate(x,h)=              | A function with two parameters makes the step size explicit.                                |
| =h=0.5=                      | For this cubic, the derivative estimate is too high by 0.25.                                |
| =h=0.05=                     | Reduce that error to 0.0025; the blue and exact curves nearly coincide.                     |
| =truncation versus rounding= | A smaller step reduces approximation error until floating-point effects become significant. |

* 03 路 Reading and selecting data
:PROPERTIES:
:CUSTOM_ID: PLT-03-000
:CHAPTER: 03
:END:

** PLT-03-001 Read columns and calculate plotted values
:PROPERTIES:
:PLOT_ID: PLT-03-001
:CUSTOM_ID: PLT-03-001
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO:
:END:

Using selects columns for the plot style. Parenthesized expressions can transform a column before plotting. This inline datablock behaves like a whitespace-separated data file.

#+name: plot-PLT-03-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-001.svg'
set label 999 'PLT-03-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 1
1 3
2 2
3 4
4 3
EOD
set xrange [-0.3:4.3]
set yrange [0:9]
plot $D using 1:2 with linespoints title "Column 2", \
    $D using 1:($2*2) with linespoints title "Twice column 2"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-001.svg]]

| Parameter        | Meaning                                                        |
|------------------+----------------------------------------------------------------|
| =using 1:2=      | Read x from column 1 and y from column 2.                      |
| =using 1:($2*2)= | Compute y from a column expression.                            |
| =$D=             | Named inline data; a quoted filename can be used in its place. |
| =$2=             | Column 2 of the current data row inside a using expression.    |

** PLT-03-002 Read CSV headers and use them in the legend
:PROPERTIES:
:PLOT_ID: PLT-03-002
:CUSTOM_ID: PLT-03-002
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO:
:END:

Set the separator before reading CSV. Column headers name the quantities and can automatically supply legend entries. The data are embedded here so the example stays self-contained.

#+name: plot-PLT-03-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-002.svg'
set label 999 'PLT-03-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$CSV << EOD
"Hour","Temperature","Humidity"
0,18,7
1,21,6
2,25,5
3,23,6
4,20,7
EOD
set datafile separator comma
set datafile columnheaders
set key autotitle columnhead
set xlabel "Hour"
plot $CSV using "Hour":"Temperature" with linespoints, \
    $CSV using "Hour":"Humidity" with linespoints
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-002.svg]]

| Parameter                    | Meaning                                        |
|------------------------------+------------------------------------------------|
| =separator comma=            | Split fields at commas rather than whitespace. |
| =datafile columnheaders=     | Treat the first row as column names.           |
| =using "Hour":"Temperature"= | Select columns by their header names.          |
| =autotitle columnhead=       | Use the y-column header as the legend title.   |

** PLT-03-003 Compare missing values with invalid values
:PROPERTIES:
:PLOT_ID: PLT-03-003
:CUSTOM_ID: PLT-03-003
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO: PLT-03-001
:END:

gnuplot distinguishes missing data from invalid data. A configured missing token skips the row and connects the surrounding observations. An invalid value breaks the line. Use explicit gaps when continuity would be misleading.

Compare with [[#PLT-03-001][PLT-03-001]].

#+name: plot-PLT-03-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-003.svg'
set label 999 'PLT-03-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 1
1 3
2 NaN
3 4
4 3
EOD
set multiplot layout 1,2
set xrange [-0.3:4.3]
set yrange [0:5]
set datafile missing "NaN"
set title "Missing token: row skipped"
plot $D using 1:2 with linespoints pt 7 lw 3 notitle
unset datafile missing
set title "Invalid value: line broken"
plot $D using 1:2 with linespoints pt 7 lw 3 notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-003.svg]]

| Parameter                | Meaning                                                                  |
|--------------------------+--------------------------------------------------------------------------|
| =datafile missing "NaN"= | Skip rows containing this token; connect across the missing observation. |
| =unset datafile missing= | Treat NaN as invalid again, retaining the row as a break in the line.    |
| =blank line=             | A blank record can also separate connected data segments.                |

** PLT-03-004 Filter observations with a column expression
:PROPERTIES:
:PLOT_ID: PLT-03-004
:CUSTOM_ID: PLT-03-004
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO: PLT-03-001
:END:

The ternary expression keeps rows that satisfy a condition and returns an undefined value for the others. Points show the retained observations without implying continuity.

Compare with [[#PLT-03-001][PLT-03-001]].

#+name: plot-PLT-03-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-004.svg'
set label 999 'PLT-03-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 1
1 3
2 2
3 4
4 3
EOD
set xrange [-0.3:4.3]
set yrange [0:5]
plot $D using 1:2 with points pt 6 ps 2 title "All rows", \
    $D using 1:($2>=3 ? $2 : 1/0) with points \
    pt 7 ps 2 lc rgb "#CC071E" title "y 鈮� 3"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-004.svg]]

| Parameter          | Meaning                                                 |
|--------------------+---------------------------------------------------------|
| =$2>=3 ? $2 : 1/0= | Keep the value only if column 2 is at least three.      |
| =1/0=              | Skip a row by making its plotted value undefined.       |
| =points=           | Show the selected observations without connecting gaps. |

** PLT-03-005 Select every second data row
:PROPERTIES:
:PLOT_ID: PLT-03-005
:CUSTOM_ID: PLT-03-005
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO: PLT-03-001
:END:

Every selects input records before plotting. It reduces the data used for both the line and its symbols, unlike pointinterval which only thins symbols.

Compare with [[#PLT-03-001][PLT-03-001]].

#+name: plot-PLT-03-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-005.svg'
set label 999 'PLT-03-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 1
1 3
2 2
3 4
4 3
EOD
set xrange [-0.3:4.3]
set yrange [0:5]
plot $D using 1:2 with linespoints pt 6 title "All rows", \
    $D every 2 using 1:2 with linespoints pt 7 lw 3 \
    title "Every second row"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-005.svg]]

| Parameter                    | Meaning                                                                             |
|------------------------------+-------------------------------------------------------------------------------------|
| =every 2=                    | Select rows 0, 2, 4, and so on.                                                     |
| =every versus pointinterval= | Every changes the input observations; pointinterval only changes displayed markers. |

** PLT-03-006 Select datasets separated by blank records
:PROPERTIES:
:PLOT_ID: PLT-03-006
:CUSTOM_ID: PLT-03-006
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO:
:END:

Two blank records separate indexed datasets. A single blank record breaks a line within one dataset. Index numbering begins at zero.

#+name: plot-PLT-03-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-006.svg'
set label 999 'PLT-03-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 1
1 3
2 2


0 4
1 2
2 3
EOD
set xrange [-0.2:2.2]
set yrange [0:5]
plot $D index 0 using 1:2 with linespoints title "Dataset 0", \
    $D index 1 using 1:2 with linespoints title "Dataset 1"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-006.svg]]

| Parameter           | Meaning                                                   |
|---------------------+-----------------------------------------------------------|
| =index 0; index 1=  | Select the first and second datasets.                     |
| =two blank records= | Start a new indexed dataset.                              |
| =one blank record=  | Separate connected segments without starting a new index. |

** PLT-03-007 Read dates and format their tick labels
:PROPERTIES:
:PLOT_ID: PLT-03-007
:CUSTOM_ID: PLT-03-007
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO:
:END:

Input parsing and displayed tick labels use separate formats. gnuplot stores time coordinates as seconds; a tick interval of 86400 therefore represents one day.

#+name: plot-PLT-03-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-007.svg'
set label 999 'PLT-03-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
2026-01-01 2
2026-01-02 4
2026-01-03 3
2026-01-04 5
2026-01-05 4
EOD
set xdata time
set timefmt "%Y-%m-%d"
set format x "%d %b"
set xrange ["2026-01-01":"2026-01-05"]
set xtics 86400
set yrange [0:6]
plot $D using 1:2 with linespoints pt 7 lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-007.svg]]

| Parameter            | Meaning                                                   |
|----------------------+-----------------------------------------------------------|
| =xdata time=         | Interpret x input and quoted range limits as dates/times. |
| =timefmt "%Y-%m-%d"= | Read the year-month-day syntax in the data.               |
| =format x "%d %b"=   | Display day and abbreviated month on the ticks.           |
| =xtics 86400=        | Use a one-day interval measured in seconds.               |

** PLT-03-008 Place ticks at calendar-month intervals
:PROPERTIES:
:PLOT_ID: PLT-03-008
:CUSTOM_ID: PLT-03-008
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO: PLT-03-007
:END:

Months have different lengths, so a fixed number of seconds is not a calendar month. The month interval syntax follows calendar boundaries.

Compare with [[#PLT-03-007][PLT-03-007]].

#+name: plot-PLT-03-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-008.svg'
set label 999 'PLT-03-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
2026-01-01 2
2026-02-01 4
2026-03-01 3
2026-04-01 5
2026-05-01 4
2026-06-01 6
EOD
set xdata time
set timefmt "%Y-%m-%d"
set format x "%b"
set xrange ["2026-01-01":"2026-06-01"]
set xtics "2026-01-01", 1 month, "2026-06-01"
set yrange [0:7]
plot $D using 1:2 with linespoints pt 7 lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-008.svg]]

| Parameter              | Meaning                                                      |
|------------------------+--------------------------------------------------------------|
| =1 month=              | Advance by calendar months rather than a fixed second count. |
| =format x "%b"=        | Print abbreviated month names.                               |
| =quoted start and end= | Parse tick boundaries using timefmt.                         |

** PLT-03-009 Read timestamps and show hourly ticks
:PROPERTIES:
:PLOT_ID: PLT-03-009
:CUSTOM_ID: PLT-03-009
:TOPIC: 03 路 Reading and selecting data
:COMPARE_TO: PLT-03-007
:END:

A timestamp separated with T stays in one data field. gnuplot uses UTC-style time coordinates and does not apply local timezone or daylight-saving conversions.

Compare with [[#PLT-03-007][PLT-03-007]].

#+name: plot-PLT-03-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-03-009.svg'
set label 999 'PLT-03-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
2026-01-01T08:00 2
2026-01-01T09:00 4
2026-01-01T10:00 3
2026-01-01T11:00 5
2026-01-01T12:00 4
EOD
set xdata time
set timefmt "%Y-%m-%dT%H:%M"
set format x "%H:%M"
set xtics 3600
set yrange [0:6]
plot $D using 1:2 with linespoints pt 7 lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-03-009.svg]]

| Parameter    | Meaning                                                             |
|--------------+---------------------------------------------------------------------|
| =T=          | Literal separator matched by the input format.                      |
| =%H:%M=      | Parse or display hours and minutes, according to the command.       |
| =xtics 3600= | Place ticks one hour apart.                                         |
| =timezone=   | Normalize timestamps to the intended time standard before plotting. |

* 04 路 Major tick marks
:PROPERTIES:
:CUSTOM_ID: PLT-04-000
:CHAPTER: 04
:END:

** PLT-04-001 Prepare a simple tick example
:PROPERTIES:
:PLOT_ID: PLT-04-001
:CUSTOM_ID: PLT-04-001
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-01-007
:END:

Use an interval from 0 to 6. Subsequent tick examples refer back to this unchanged curve and range.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-04-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-001.svg'
set label 999 'PLT-04-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-001.svg]]

| Parameter | Meaning                                                                  |
|-----------+--------------------------------------------------------------------------|
| =[0:6]=   | Only the horizontal range changes. Ticks are still placed automatically. |

** PLT-04-002 Place a tick every two units
:PROPERTIES:
:PLOT_ID: PLT-04-002
:CUSTOM_ID: PLT-04-002
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-001
:END:

Set an explicit interval between major x ticks.

Compare with [[#PLT-04-001][PLT-04-001]].

#+name: plot-PLT-04-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-002.svg'
set label 999 'PLT-04-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 2
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-002.svg]]

| Parameter | Meaning                                    |
|-----------+--------------------------------------------|
| =xtics=   | Configure major ticks on the lower x axis. |
| =2=       | Tick increment in x data units.            |

** PLT-04-003 Halve the tick interval
:PROPERTIES:
:PLOT_ID: PLT-04-003
:CUSTOM_ID: PLT-04-003
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-002
:END:

Change only the increment: more tick marks now appear.

Compare with [[#PLT-04-002][PLT-04-002]].

#+name: plot-PLT-04-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-003.svg'
set label 999 'PLT-04-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-003.svg]]

| Parameter | Meaning                                         |
|-----------+-------------------------------------------------|
| =1=       | A tick every one x unit, rather than every two. |

** PLT-04-004 Use half-unit ticks
:PROPERTIES:
:PLOT_ID: PLT-04-004
:CUSTOM_ID: PLT-04-004
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-003
:END:

A fractional increment gives a denser scale.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-04-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-004.svg'
set label 999 'PLT-04-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 0.5
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-004.svg]]

| Parameter | Meaning                                             |
|-----------+-----------------------------------------------------|
| =0.5=     | A tick every half unit. Decimal values are allowed. |

** PLT-04-005 Set start, increment and end
:PROPERTIES:
:PLOT_ID: PLT-04-005
:CUSTOM_ID: PLT-04-005
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-003
:END:

Three values restrict where the regularly spaced ticks begin and end.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-04-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-005.svg'
set label 999 'PLT-04-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 0.5,1,5.5
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-005.svg]]

| Parameter | Meaning                                                           |
|-----------+-------------------------------------------------------------------|
| =0.5=     | First tick position.                                              |
| =1=       | Increment between ticks.                                          |
| =5.5=     | Last permitted tick position. The axis range itself is unchanged. |

** PLT-04-006 Choose irregular tick positions
:PROPERTIES:
:PLOT_ID: PLT-04-006
:CUSTOM_ID: PLT-04-006
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-003
:END:

A parenthesised list replaces the regular sequence.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-04-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-006.svg'
set label 999 'PLT-04-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics (0,1,4,6)
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-006.svg]]

| Parameter   | Meaning                                               |
|-------------+-------------------------------------------------------|
| =(0,1,4,6)= | Explicit x positions; they need not be evenly spaced. |

** PLT-04-007 Change y ticks independently
:PROPERTIES:
:PLOT_ID: PLT-04-007
:CUSTOM_ID: PLT-04-007
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-003
:END:

Keep the x ticks and change only the vertical increment.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-04-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-007.svg'
set label 999 'PLT-04-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set ytics 0.5
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-007.svg]]

| Parameter | Meaning                                   |
|-----------+-------------------------------------------|
| =ytics=   | Configure ticks on the primary y axis.    |
| =0.5=     | Vertical tick increment, in y data units. |

** PLT-04-008 Remove x ticks
:PROPERTIES:
:PLOT_ID: PLT-04-008
:CUSTOM_ID: PLT-04-008
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-003
:END:

The curve, x axis and y ticks remain visible.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-04-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-008.svg'
set label 999 'PLT-04-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
unset xtics
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-008.svg]]

| Parameter     | Meaning                                        |
|---------------+------------------------------------------------|
| =unset xtics= | Remove both the x tick marks and their labels. |

** PLT-04-009 Remove y ticks
:PROPERTIES:
:PLOT_ID: PLT-04-009
:CUSTOM_ID: PLT-04-009
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-003
:END:

Hide the vertical scale while retaining the horizontal one.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-04-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-009.svg'
set label 999 'PLT-04-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
unset ytics
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-009.svg]]

| Parameter     | Meaning                                     |
|---------------+---------------------------------------------|
| =unset ytics= | Remove the primary y tick marks and labels. |

** PLT-04-010 Keep marks but hide their labels
:PROPERTIES:
:PLOT_ID: PLT-04-010
:CUSTOM_ID: PLT-04-010
:TOPIC: 04 路 Major tick marks
:COMPARE_TO: PLT-04-003
:END:

An empty format string removes the text while leaving the tick marks.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-04-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-04-010.svg'
set label 999 'PLT-04-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set format x ""
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-04-010.svg]]

| Parameter  | Meaning                                |
|------------+----------------------------------------|
| =format x= | Control how x tick values are printed. |
| =""=       | An empty string: print no label text.  |

* 05 路 Axis ranges and scales
:PROPERTIES:
:CUSTOM_ID: PLT-05-000
:CHAPTER: 05
:END:

** PLT-05-001 Observe automatic range rounding
:PROPERTIES:
:PLOT_ID: PLT-05-001
:CUSTOM_ID: PLT-05-001
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO:
:END:

With data input, autoscaling finds the extrema and normally extends the range to convenient major ticks. This leaves some space between the extreme points and the frame.

#+name: plot-PLT-05-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-001.svg'
set label 999 'PLT-05-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1.2 2.3
2.1 4.7
3.4 3.1
EOD
set autoscale xy
set xtics 1
set ytics 1
plot $D using 1:2 with linespoints pt 7 lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-001.svg]]

| Parameter          | Meaning                                                         |
|--------------------+-----------------------------------------------------------------|
| =autoscale xy=     | Choose x and y ranges from the plotted data.                    |
| =xtics 1; ytics 1= | Major tick positions guide the default extension of the ranges. |

** PLT-05-002 Keep automatic ranges at the exact extrema
:PROPERTIES:
:PLOT_ID: PLT-05-002
:CUSTOM_ID: PLT-05-002
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-05-001
:END:

The fix modifier disables extension to the next major tick. Large point symbols may touch the border because the coordinates now end exactly at the data extrema.

Compare with [[#PLT-05-001][PLT-05-001]].

#+name: plot-PLT-05-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-002.svg'
set label 999 'PLT-05-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1.2 2.3
2.1 4.7
3.4 3.1
EOD
set autoscale xfix
set autoscale yfix
set xtics 1
set ytics 1
plot $D using 1:2 with linespoints pt 7 lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-002.svg]]

| Parameter                        | Meaning                                                                              |
|----------------------------------+--------------------------------------------------------------------------------------|
| =autoscale xfix; autoscale yfix= | Autoscale both axes without rounding outward to major ticks.                         |
| =fix=                            | Controls extension of an automatic range; it does not make the range manually fixed. |

** PLT-05-003 Pad the data range with offsets
:PROPERTIES:
:PLOT_ID: PLT-05-003
:CUSTOM_ID: PLT-05-003
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-05-002
:END:

Offsets add room inside the coordinate frame. Margins instead reserve space outside the frame for labels and other decorations.

Compare with [[#PLT-05-002][PLT-05-002]].

#+name: plot-PLT-05-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-003.svg'
set label 999 'PLT-05-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1.2 2.3
2.1 4.7
3.4 3.1
EOD
set autoscale xfix
set autoscale yfix
set xtics 1
set ytics 1
set offsets graph 0.1, graph 0.1, graph 0.15, graph 0.15
plot $D using 1:2 with linespoints pt 7 lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-003.svg]]

| Parameter                       | Meaning                                                                         |
|---------------------------------+---------------------------------------------------------------------------------|
| =offsets left,right,top,bottom= | Order of the four extensions around the data range.                             |
| =graph 0.1=                     | Extend by a fraction of the unpadded axis span.                                 |
| =offsets versus margins=        | Offsets enlarge the coordinate range; margins position the frame on the canvas. |

** PLT-05-004 Let the upper x limit be automatic
:PROPERTIES:
:PLOT_ID: PLT-05-004
:CUSTOM_ID: PLT-05-004
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-01-006
:END:

A star leaves one bound to autoscaling.

Compare with [[#PLT-01-006][PLT-01-006]].

#+name: plot-PLT-05-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-004.svg'
set label 999 'PLT-05-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:*]
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-004.svg]]

| Parameter | Meaning                                                                                        |
|-----------+------------------------------------------------------------------------------------------------|
| =0=       | Fixed lower x limit.                                                                           |
| =*=       | An automatically chosen upper bound; for a function it uses the active default sampling range. |

** PLT-05-005 Reverse the horizontal direction
:PROPERTIES:
:PLOT_ID: PLT-05-005
:CUSTOM_ID: PLT-05-005
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-01-006
:END:

An explicit descending range reverses the axis.

Compare with [[#PLT-01-006][PLT-01-006]].

#+name: plot-PLT-05-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-005.svg'
set label 999 'PLT-05-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [6:0]
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-005.svg]]

| Parameter | Meaning                                                       |
|-----------+---------------------------------------------------------------|
| =[6:0]=   | Left bound 6, right bound 0; x now increases toward the left. |

** PLT-05-006 Reverse the vertical direction
:PROPERTIES:
:PLOT_ID: PLT-05-006
:CUSTOM_ID: PLT-05-006
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-01-007
:END:

Reverse the visible y axis while retaining the same function.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-05-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-006.svg'
set label 999 'PLT-05-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [1.5:-1.5]
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-006.svg]]

| Parameter    | Meaning                                                   |
|--------------+-----------------------------------------------------------|
| =[1.5:-1.5]= | Lower screen edge corresponds to 1.5, upper edge to 鈭�5. |

** PLT-05-007 Begin with a positive function
:PROPERTIES:
:PLOT_ID: PLT-05-007
:CUSTOM_ID: PLT-05-007
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO:
:END:

Use an exponential decay as the reference for logarithmic scaling.

#+name: plot-PLT-05-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-007.svg'
set label 999 'PLT-05-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:5]
plot exp(-x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-007.svg]]

| Parameter | Meaning                                                               |
|-----------+-----------------------------------------------------------------------|
| =exp(-x)= | The exponential function e raised to 鈭抶; all its values are positive. |

** PLT-05-008 Use a base-10 logarithmic y axis
:PROPERTIES:
:PLOT_ID: PLT-05-008
:CUSTOM_ID: PLT-05-008
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-05-007
:END:

Equal distances now represent equal ratios, making the exponential a straight line.

Compare with [[#PLT-05-007][PLT-05-007]].

#+name: plot-PLT-05-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-008.svg'
set label 999 'PLT-05-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:5]
set logscale y 10
plot exp(-x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-008.svg]]

| Parameter    | Meaning                                                     |
|--------------+-------------------------------------------------------------|
| =logscale y= | Transform the vertical axis logarithmically.                |
| =10=         | Logarithm base. Plotted y values must be strictly positive. |

** PLT-05-009 Use a base-2 logarithmic y axis
:PROPERTIES:
:PLOT_ID: PLT-05-009
:CUSTOM_ID: PLT-05-009
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-05-007
:END:

Change the logarithm base to show repeated halving naturally.

Compare with [[#PLT-05-007][PLT-05-007]].

#+name: plot-PLT-05-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-009.svg'
set label 999 'PLT-05-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:5]
set logscale y 2
plot exp(-x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-009.svg]]

| Parameter | Meaning                                                |
|-----------+--------------------------------------------------------|
| =2=       | Base 2; neighbouring powers differ by a factor of two. |

** PLT-05-010 Format logarithmic ticks as powers
:PROPERTIES:
:PLOT_ID: PLT-05-010
:CUSTOM_ID: PLT-05-010
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-05-008
:END:

Enhanced text puts the exponent above the baseline.

Compare with [[#PLT-05-008][PLT-05-008]].

#+name: plot-PLT-05-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-010.svg'
set label 999 'PLT-05-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:5]
set logscale y 10
set format y "10^{%L}"
plot exp(-x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-010.svg]]

| Parameter | Meaning                                                                 |
|-----------+-------------------------------------------------------------------------|
| =%L=      | The base-10 exponent used by this logarithmic tick formatter.           |
| =^{...}=  | Enhanced-text superscript syntax; it changes typesetting, not the data. |

** PLT-05-011 Link a second axis in different units
:PROPERTIES:
:PLOT_ID: PLT-05-011
:CUSTOM_ID: PLT-05-011
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO: PLT-04-003
:END:

The top axis represents the same coordinate in milliseconds instead of seconds.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-05-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-011.svg'
set label 999 'PLT-05-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set link x2 via x*1000 inverse x/1000
set x2tics
set x2label "Milliseconds"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-011.svg]]

| Parameter             | Meaning                                         |
|-----------------------+-------------------------------------------------|
| =x2=                  | The secondary, upper x axis.                    |
| =via x*1000=          | Forward conversion from the primary axis.       |
| =inverse x/1000=      | Reverse conversion back to primary coordinates. |
| =set x2tics; x2label= | Show the upper tick scale and label it.         |

** PLT-05-012 Plot a separate quantity on the right axis
:PROPERTIES:
:PLOT_ID: PLT-05-012
:CUSTOM_ID: PLT-05-012
:TOPIC: 05 路 Axis ranges and scales
:COMPARE_TO:
:END:

An independent right axis can represent a second physical quantity. Both curves share x positions, but their heights use different scales; apparent crossings do not mean equal values.

#+name: plot-PLT-05-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-05-012.svg'
set label 999 'PLT-05-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 18 70
1 21 60
2 25 48
3 23 55
4 20 65
EOD
set xlabel "Hour"
set ylabel "Temperature (掳C)"
set y2label "Humidity (%)"
set ytics nomirror
set y2tics
set yrange [15:30]
set y2range [0:100]
plot $D using 1:2 axes x1y1 with linespoints \
    lc rgb "#CC071E" title "Temperature", \
    $D using 1:3 axes x1y2 with linespoints \
    lc rgb "#00549F" title "Humidity"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-05-012.svg]]

| Parameter                  | Meaning                                             |
|----------------------------+-----------------------------------------------------|
| =axes x1y2=                | Use the bottom x axis and independent right y axis. |
| =y2range; y2tics; y2label= | Configure the secondary scale explicitly.           |
| =ytics nomirror=           | Avoid copying primary ticks to the right border.    |

* 06 路 Tick labels and formatting
:PROPERTIES:
:CUSTOM_ID: PLT-06-000
:CHAPTER: 06
:END:

** PLT-06-001 Replace numbers with words
:PROPERTIES:
:PLOT_ID: PLT-06-001
:CUSTOM_ID: PLT-06-001
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-04-003
:END:

A tick list can pair arbitrary labels with numeric positions.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-06-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-001.svg'
set label 999 'PLT-06-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-001.svg]]

| Parameter             | Meaning                                             |
|-----------------------+-----------------------------------------------------|
| ="Start" 0=           | Display Start at x=0.                               |
| ="Middle" 3; "End" 6= | Each quoted label is followed by its data position. |

** PLT-06-002 Add one labelled tick
:PROPERTIES:
:PLOT_ID: PLT-06-002
:CUSTOM_ID: PLT-06-002
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-001
:END:

add preserves the existing ticks and appends a new one.

Compare with [[#PLT-06-001][PLT-06-001]].

#+name: plot-PLT-06-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-002.svg'
set label 999 'PLT-06-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set xtics add ("Check" 2)
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-002.svg]]

| Parameter   | Meaning                                               |
|-------------+-------------------------------------------------------|
| =add=       | Extend the current tick list instead of replacing it. |
| ="Check" 2= | Text and x position of the additional tick.           |

** PLT-06-003 Rotate tick labels
:PROPERTIES:
:PLOT_ID: PLT-06-003
:CUSTOM_ID: PLT-06-003
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-001
:END:

Rotate the text without moving the tick positions.

Compare with [[#PLT-06-001][PLT-06-001]].

#+name: plot-PLT-06-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-003.svg'
set label 999 'PLT-06-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set xtics rotate by -45
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-003.svg]]

| Parameter   | Meaning                            |
|-------------+------------------------------------|
| =rotate by= | Set the label rotation in degrees. |
| =-45=       | Tilt clockwise by 45 degrees.      |

** PLT-06-004 Stand tick labels vertically
:PROPERTIES:
:PLOT_ID: PLT-06-004
:CUSTOM_ID: PLT-06-004
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-003
:END:

Rotate the same three labels through 90 degrees. This can help when long category names compete for horizontal space.

Compare with [[#PLT-06-003][PLT-06-003]].

#+name: plot-PLT-06-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-004.svg'
set label 999 'PLT-06-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set xtics rotate by 90
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-004.svg]]

| Parameter      | Meaning                                          |
|----------------+--------------------------------------------------|
| =rotate by 90= | Rotate tick text counterclockwise by 90 degrees. |

** PLT-06-005 Left-align horizontal tick labels
:PROPERTIES:
:PLOT_ID: PLT-06-005
:CUSTOM_ID: PLT-06-005
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-001
:END:

Keep the tick positions fixed and change how their labels align with them. Each word starts at its tick instead of being centred on it.

Compare with [[#PLT-06-001][PLT-06-001]].

#+name: plot-PLT-06-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-005.svg'
set label 999 'PLT-06-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set xtics left
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-005.svg]]

| Parameter | Meaning                                                          |
|-----------+------------------------------------------------------------------|
| =left=    | Align the left edge of each x tick label with its tick position. |

** PLT-06-006 Offset tick labels
:PROPERTIES:
:PLOT_ID: PLT-06-006
:CUSTOM_ID: PLT-06-006
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-001
:END:

Move the label text without moving the tick marks.

Compare with [[#PLT-06-001][PLT-06-001]].

#+name: plot-PLT-06-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-006.svg'
set label 999 'PLT-06-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set xtics offset 0,-1
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-006.svg]]

| Parameter              | Meaning                                                                                   |
|------------------------+-------------------------------------------------------------------------------------------|
| =offset 0,-1=          | Horizontal shift 0; vertical shift 鈭�                                                    |
| =Default offset units= | Character widths horizontally and character heights vertically; these are not data units. |

** PLT-06-007 Increase tick-label size
:PROPERTIES:
:PLOT_ID: PLT-06-007
:CUSTOM_ID: PLT-06-007
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-001
:END:

A font string can change just the size while retaining the current font family.

Compare with [[#PLT-06-001][PLT-06-001]].

#+name: plot-PLT-06-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-007.svg'
set label 999 'PLT-06-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set xtics font ",30"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-007.svg]]

| Parameter | Meaning                                                                                                          |
|-----------+------------------------------------------------------------------------------------------------------------------|
| =font=    | Choose the tick-label font.                                                                                      |
| =",30"=   | Empty family name means retain it; 30 is the nominal font size. Its physical appearance depends on the terminal. |

** PLT-06-008 Colour tick-label text
:PROPERTIES:
:PLOT_ID: PLT-06-008
:CUSTOM_ID: PLT-06-008
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-001
:END:

Text colour is independent of the curve colour.

Compare with [[#PLT-06-001][PLT-06-001]].

#+name: plot-PLT-06-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-008.svg'
set label 999 'PLT-06-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set xtics textcolor rgb "#00549F"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-008.svg]]

| Parameter       | Meaning                                        |
|-----------------+------------------------------------------------|
| =textcolor=     | Set the tick-label colour.                     |
| =rgb "#00549F"= | An explicit red/green/blue hexadecimal colour. |

** PLT-06-009 Use a different tick-label font
:PROPERTIES:
:PLOT_ID: PLT-06-009
:CUSTOM_ID: PLT-06-009
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-008
:END:

Change the x tick labels to a larger serif face while retaining their colour. Font-family availability depends on the viewer and installed fonts.

Compare with [[#PLT-06-008][PLT-06-008]].

#+name: plot-PLT-06-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-009.svg'
set label 999 'PLT-06-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set xtics textcolor rgb "#00549F" font "serif,24"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-009.svg]]

| Parameter         | Meaning                                                         |
|-------------------+-----------------------------------------------------------------|
| =font "serif,24"= | Request a serif font at nominal size 24 for x tick labels only. |

** PLT-06-010 Keep labels and hide tick strokes
:PROPERTIES:
:PLOT_ID: PLT-06-010
:CUSTOM_ID: PLT-06-010
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-001
:END:

Zero-length tick marks leave the labels and border visible. Unlike unsetting ticks, this retains the numeric or categorical coordinate labels.

Compare with [[#PLT-06-001][PLT-06-001]].

#+name: plot-PLT-06-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-010.svg'
set label 999 'PLT-06-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics ("Start" 0,"Middle" 3,"End" 6)
set tics scale 0
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-010.svg]]

| Parameter | Meaning                                                                                     |
|-----------+---------------------------------------------------------------------------------------------|
| =scale 0= | Set the length of major tick strokes to zero; default minor length follows the major scale. |

** PLT-06-011 Print one decimal place
:PROPERTIES:
:PLOT_ID: PLT-06-011
:CUSTOM_ID: PLT-06-011
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-04-003
:END:

The numeric tick positions stay the same; only their formatting changes.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-06-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-011.svg'
set label 999 'PLT-06-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set format x "%.1f"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-011.svg]]

| Parameter | Meaning                                 |
|-----------+-----------------------------------------|
| =%f=      | Print a fixed-point decimal number.     |
| =.1=      | Keep one digit after the decimal point. |

** PLT-06-012 Format values as percentages
:PROPERTIES:
:PLOT_ID: PLT-06-012
:CUSTOM_ID: PLT-06-012
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-04-007
:END:

Multiply the function by 100 and append a literal percent sign to each y label.

Compare with [[#PLT-04-007][PLT-04-007]].

#+name: plot-PLT-06-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-012.svg'
set label 999 'PLT-06-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:6]
set xtics 1
set yrange [-150:150]
set ytics 50
set format y "%.0f%%"
plot 100*sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-012.svg]]

| Parameter                | Meaning                                                |
|--------------------------+--------------------------------------------------------|
| =100*sin(x); [-150:150]= | Scale the plotted values and their visible range.      |
| =ytics 50=               | A major tick every 50 y units.                         |
| =%.0f%%=                 | No decimal digits; %% prints one literal percent sign. |

** PLT-06-013 Use scientific tick notation
:PROPERTIES:
:PLOT_ID: PLT-06-013
:CUSTOM_ID: PLT-06-013
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO:
:END:

Formatting changes the printed labels, not the coordinates. Scientific notation keeps large values compact without changing the axis to a logarithmic scale.

#+name: plot-PLT-06-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-013.svg'
set label 999 'PLT-06-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:5]
set yrange [0:1000000]
set format y "%.1e"
plot 200000*x with lines lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-013.svg]]

| Parameter         | Meaning                                          |
|-------------------+--------------------------------------------------|
| =format y "%.1e"= | Print one decimal digit and a base-10 exponent.  |
| =yrange=          | The axis remains linear; only its labels change. |

** PLT-06-014 Use engineering prefixes on ticks
:PROPERTIES:
:PLOT_ID: PLT-06-014
:CUSTOM_ID: PLT-06-014
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-06-013
:END:

gnuplot has tick-format extensions beyond ordinary printf. Pair the engineering mantissa with an SI prefix and a physical unit.

Compare with [[#PLT-06-013][PLT-06-013]].

#+name: plot-PLT-06-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-014.svg'
set label 999 'PLT-06-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:5]
set yrange [0:1000000]
set format y "%.0s %cW"
plot 200000*x with lines lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-014.svg]]

| Parameter | Meaning                                                    |
|-----------+------------------------------------------------------------|
| =%.0s=    | Mantissa using a power of ten that is a multiple of three. |
| =%c=      | Replace that power with an SI prefix, such as k or M.      |
| =W=       | Append the literal unit; format does not convert the data. |

** PLT-06-015 Label an angular axis in multiples of pi
:PROPERTIES:
:PLOT_ID: PLT-06-015
:CUSTOM_ID: PLT-06-015
:TOPIC: 06 路 Tick labels and formatting
:COMPARE_TO: PLT-01-007
:END:

Explicit positions give familiar angular labels. The function still receives radians; writing pi in a label does not convert its input.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-06-015
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-06-015.svg'
set label 999 'PLT-06-015' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xtics ("0" 0, "蟺/2" pi/2, "蟺" pi, \
    "3蟺/2" 3*pi/2, "2蟺" 2*pi)
plot sin(x) with lines lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-06-015.svg]]

| Parameter    | Meaning                                                               |
|--------------+-----------------------------------------------------------------------|
| ="蟺/2" pi/2= | The quoted text is the label; the expression is its numeric position. |
| =pi=         | Built-in constant used for tick positions and the function domain.    |

* 07 路 Minor ticks and grids
:PROPERTIES:
:CUSTOM_ID: PLT-07-000
:CHAPTER: 07
:END:

** PLT-07-001 Remove mirrored ticks
:PROPERTIES:
:PLOT_ID: PLT-07-001
:CUSTOM_ID: PLT-07-001
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-04-003
:END:

Keep lower and left ticks; remove their copies on the top and right borders.

Compare with [[#PLT-04-003][PLT-04-003]].

#+name: plot-PLT-07-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-001.svg'
set label 999 'PLT-07-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-001.svg]]

| Parameter  | Meaning                                              |
|------------+------------------------------------------------------|
| =tics=     | Apply to the tick axes together.                     |
| =nomirror= | Do not repeat primary ticks on the opposite borders. |

** PLT-07-002 Point ticks outward
:PROPERTIES:
:PLOT_ID: PLT-07-002
:CUSTOM_ID: PLT-07-002
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-001
:END:

Change the direction of the marks while keeping labels in place.

Compare with [[#PLT-07-001][PLT-07-001]].

#+name: plot-PLT-07-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-002.svg'
set label 999 'PLT-07-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set tics out
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-002.svg]]

| Parameter | Meaning                                                                |
|-----------+------------------------------------------------------------------------|
| =out=     | Draw ticks outside the plot region; in selects the opposite direction. |

** PLT-07-003 Lengthen major ticks
:PROPERTIES:
:PLOT_ID: PLT-07-003
:CUSTOM_ID: PLT-07-003
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-002
:END:

Tick scale is a relative length, not a change to the axis scale.

Compare with [[#PLT-07-002][PLT-07-002]].

#+name: plot-PLT-07-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-003.svg'
set label 999 'PLT-07-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set tics out
set tics scale 2
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-003.svg]]

| Parameter | Meaning                                        |
|-----------+------------------------------------------------|
| =scale 2= | Make major tick marks twice the normal length. |

** PLT-07-004 Give the two axes different tick lengths
:PROPERTIES:
:PLOT_ID: PLT-07-004
:CUSTOM_ID: PLT-07-004
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-001
:END:

Lengthen only the x tick marks. The y tick marks retain their default length, making the independent axis stand out.

Compare with [[#PLT-07-001][PLT-07-001]].

#+name: plot-PLT-07-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-004.svg'
set label 999 'PLT-07-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set xtics scale 2
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-004.svg]]

| Parameter       | Meaning                                                                  |
|-----------------+--------------------------------------------------------------------------|
| =xtics scale 2= | Draw x major ticks at twice the default length without changing y ticks. |

** PLT-07-005 Add a minor tick halfway
:PROPERTIES:
:PLOT_ID: PLT-07-005
:CUSTOM_ID: PLT-07-005
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-001
:END:

Minor ticks divide major intervals without adding labels.

Compare with [[#PLT-07-001][PLT-07-001]].

#+name: plot-PLT-07-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-005.svg'
set label 999 'PLT-07-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set mxtics 2
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-005.svg]]

| Parameter | Meaning                                                            |
|-----------+--------------------------------------------------------------------|
| =mxtics=  | Configure minor x ticks.                                           |
| =2=       | Divide each major interval into two parts: one minor tick halfway. |

** PLT-07-006 Add four minor ticks
:PROPERTIES:
:PLOT_ID: PLT-07-006
:CUSTOM_ID: PLT-07-006
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-005
:END:

More subdivisions give finer visual guidance without more numbers.

Compare with [[#PLT-07-005][PLT-07-005]].

#+name: plot-PLT-07-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-006.svg'
set label 999 'PLT-07-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set mxtics 5
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-006.svg]]

| Parameter | Meaning                                                                       |
|-----------+-------------------------------------------------------------------------------|
| =5=       | Divide each major interval into five parts, giving four interior minor ticks. |

** PLT-07-007 Set major and minor lengths
:PROPERTIES:
:PLOT_ID: PLT-07-007
:CUSTOM_ID: PLT-07-007
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-006
:END:

Two scale values distinguish the two kinds of marks.

Compare with [[#PLT-07-006][PLT-07-006]].

#+name: plot-PLT-07-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-007.svg'
set label 999 'PLT-07-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set mxtics 5
set tics scale 1.5,0.5
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-007.svg]]

| Parameter | Meaning                                                                     |
|-----------+-----------------------------------------------------------------------------|
| =1.5=     | Major tick length multiplier.                                               |
| =0.5=     | Minor tick length multiplier; the second value is independent of the first. |

** PLT-07-008 Subdivide the vertical axis
:PROPERTIES:
:PLOT_ID: PLT-07-008
:CUSTOM_ID: PLT-07-008
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-007
:END:

Add minor ticks on the y axis as well as the x axis. Each major y interval is split into five equal intervals.

Compare with [[#PLT-07-007][PLT-07-007]].

#+name: plot-PLT-07-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-008.svg'
set label 999 'PLT-07-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set mxtics 5
set tics scale 1.5,0.5
set mytics 5
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-008.svg]]

| Parameter  | Meaning                                                  |
|------------+----------------------------------------------------------|
| =mytics 5= | Place four minor ticks between successive major y ticks. |

** PLT-07-009 Show minor ticks on a logarithmic axis
:PROPERTIES:
:PLOT_ID: PLT-07-009
:CUSTOM_ID: PLT-07-009
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-05-010
:END:

Logarithmic minor ticks follow the multiplicative scale. The default minor subdivisions for base ten mark values such as 2 through 9 within each decade.

Compare with [[#PLT-05-010][PLT-05-010]].

#+name: plot-PLT-07-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-009.svg'
set label 999 'PLT-07-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:3]
set yrange [1:1000]
set logscale y 10
set format y "10^{%L}"
set mytics default
set grid ytics mytics
plot 10**x with lines lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-009.svg]]

| Parameter           | Meaning                                                           |
|---------------------+-------------------------------------------------------------------|
| =mytics default=    | Use the default subdivisions appropriate to the logarithmic axis. |
| =grid ytics mytics= | Draw both major and minor horizontal grid lines.                  |
| =10^{%L}=           | Use enhanced text to display powers of the logscale base.         |

** PLT-07-010 Add a major grid
:PROPERTIES:
:PLOT_ID: PLT-07-010
:CUSTOM_ID: PLT-07-010
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-001
:END:

Grid lines follow the selected tick positions.

Compare with [[#PLT-07-001][PLT-07-001]].

#+name: plot-PLT-07-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-010.svg'
set label 999 'PLT-07-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set grid xtics ytics
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-010.svg]]

| Parameter     | Meaning                                       |
|---------------+-----------------------------------------------|
| =grid=        | Enable grid lines.                            |
| =xtics ytics= | Draw lines through major x and major y ticks. |

** PLT-07-011 Show a lighter minor grid
:PROPERTIES:
:PLOT_ID: PLT-07-011
:CUSTOM_ID: PLT-07-011
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-006
:END:

The first style applies to major lines; the second applies to minor lines.

Compare with [[#PLT-07-006][PLT-07-006]].

#+name: plot-PLT-07-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-011.svg'
set label 999 'PLT-07-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set mxtics 5
set grid xtics mxtics \
    linewidth 1 linecolor rgb "#9C9E9F", \
    linewidth 0.5 linecolor rgb "#CFD1D2"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-011.svg]]

| Parameter          | Meaning                                                    |
|--------------------+------------------------------------------------------------|
| =mxtics=           | Also draw through minor x tick positions.                  |
| =linewidth 1; 0.5= | Relative widths for the major and minor grid lines.        |
| =linecolor rgb=    | Explicit colours; the comma separates the two grid styles. |

** PLT-07-012 Use dashed grid lines
:PROPERTIES:
:PLOT_ID: PLT-07-012
:CUSTOM_ID: PLT-07-012
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-010
:END:

Keep the same grid positions but replace solid grid strokes with a dash pattern.

Compare with [[#PLT-07-010][PLT-07-010]].

#+name: plot-PLT-07-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-012.svg'
set label 999 'PLT-07-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set grid xtics ytics dashtype 2
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-012.svg]]

| Parameter    | Meaning                                                              |
|--------------+----------------------------------------------------------------------|
| =dashtype 2= | Select dash pattern 2 for the grid; patterns depend on the terminal. |

** PLT-07-013 Keep only horizontal grid lines
:PROPERTIES:
:PLOT_ID: PLT-07-013
:CUSTOM_ID: PLT-07-013
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-010
:END:

Remove the vertical grid lines so that horizontal guides alone support comparisons of y values.

Compare with [[#PLT-07-010][PLT-07-010]].

#+name: plot-PLT-07-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-013.svg'
set label 999 'PLT-07-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set yrange [-1.5:1.5]
set xrange [0:6]
set xtics 1
set tics nomirror
set grid noxtics ytics
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-013.svg]]

| Parameter | Meaning                                               |
|-----------+-------------------------------------------------------|
| =noxtics= | Exclude x tick positions from the grid.               |
| =ytics=   | Draw horizontal grid lines at major y tick positions. |

** PLT-07-014 Draw the grid at the back
:PROPERTIES:
:PLOT_ID: PLT-07-014
:CUSTOM_ID: PLT-07-014
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO:
:END:

An opaque fill makes drawing order visible. Grid lines at the back are covered by the fill; moving the grid to the front draws them over it.

#+name: plot-PLT-07-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-014.svg'
set label 999 'PLT-07-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set grid xtics ytics back lc rgb "#646567" lw 2
plot sin(x) with filledcurves y1=-1.5 \
    fc rgb "#8EBAE5" fs solid 1.0 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-014.svg]]

| Parameter      | Meaning                                                           |
|----------------+-------------------------------------------------------------------|
| =grid back=    | Choose whether the grid is drawn behind or over the plotted data. |
| =fs solid 1.0= | Use an opaque fill so that the layer change is easy to see.       |

** PLT-07-015 Draw the grid at the front
:PROPERTIES:
:PLOT_ID: PLT-07-015
:CUSTOM_ID: PLT-07-015
:TOPIC: 07 路 Minor ticks and grids
:COMPARE_TO: PLT-07-014
:END:

An opaque fill makes drawing order visible. Grid lines at the back are covered by the fill; moving the grid to the front draws them over it.

Compare with [[#PLT-07-014][PLT-07-014]].

#+name: plot-PLT-07-015
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-07-015.svg'
set label 999 'PLT-07-015' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set grid xtics ytics front lc rgb "#646567" lw 2
plot sin(x) with filledcurves y1=-1.5 \
    fc rgb "#8EBAE5" fs solid 1.0 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-07-015.svg]]

| Parameter      | Meaning                                                           |
|----------------+-------------------------------------------------------------------|
| =grid front=   | Choose whether the grid is drawn behind or over the plotted data. |
| =fs solid 1.0= | Use an opaque fill so that the layer change is easy to see.       |

* 08 路 Axis labels and titles
:PROPERTIES:
:CUSTOM_ID: PLT-08-000
:CHAPTER: 08
:END:

** PLT-08-001 Name the x axis
:PROPERTIES:
:PLOT_ID: PLT-08-001
:CUSTOM_ID: PLT-08-001
:TOPIC: 08 路 Axis labels and titles
:COMPARE_TO: PLT-01-007
:END:

Axis labels describe the plotted quantity and its unit.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-08-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-08-001.svg'
set label 999 'PLT-08-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle / rad"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-08-001.svg]]

| Parameter       | Meaning                                                          |
|-----------------+------------------------------------------------------------------|
| =xlabel=        | Text label for the primary x axis.                               |
| ="Angle / rad"= | Literal label text; the slash is part of the text, not division. |

** PLT-08-002 Name the y axis
:PROPERTIES:
:PLOT_ID: PLT-08-002
:CUSTOM_ID: PLT-08-002
:TOPIC: 08 路 Axis labels and titles
:COMPARE_TO: PLT-08-001
:END:

Add a label to the left-hand scale.

Compare with [[#PLT-08-001][PLT-08-001]].

#+name: plot-PLT-08-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-08-002.svg'
set label 999 'PLT-08-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle / rad"
set ylabel "Amplitude"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-08-002.svg]]

| Parameter | Meaning                            |
|-----------+------------------------------------|
| =ylabel=  | Text label for the primary y axis. |

** PLT-08-003 Move the x label downward
:PROPERTIES:
:PLOT_ID: PLT-08-003
:CUSTOM_ID: PLT-08-003
:TOPIC: 08 路 Axis labels and titles
:COMPARE_TO: PLT-08-002
:END:

A negative vertical offset increases the distance below the axis.

Compare with [[#PLT-08-002][PLT-08-002]].

#+name: plot-PLT-08-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-08-003.svg'
set label 999 'PLT-08-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set ylabel "Amplitude"
set xlabel "Angle / rad" offset 0,-1
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-08-003.svg]]

| Parameter     | Meaning                                                                     |
|---------------+-----------------------------------------------------------------------------|
| =offset 0,-1= | Shift zero character widths horizontally and one character height downward. |

** PLT-08-004 Make the y label horizontal
:PROPERTIES:
:PLOT_ID: PLT-08-004
:CUSTOM_ID: PLT-08-004
:TOPIC: 08 路 Axis labels and titles
:COMPARE_TO: PLT-08-002
:END:

Some short y labels read better horizontally. The left margin may need more room.

Compare with [[#PLT-08-002][PLT-08-002]].

#+name: plot-PLT-08-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-08-004.svg'
set label 999 'PLT-08-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle / rad"
set ylabel "Amplitude" norotate
set lmargin 15
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-08-004.svg]]

| Parameter    | Meaning                                       |
|--------------+-----------------------------------------------|
| =norotate=   | Render the y-axis label horizontally.         |
| =lmargin 15= | Reserve a left margin of 15 character widths. |

** PLT-08-005 Use subscripts and superscripts
:PROPERTIES:
:PLOT_ID: PLT-08-005
:CUSTOM_ID: PLT-08-005
:TOPIC: 08 路 Axis labels and titles
:COMPARE_TO: PLT-08-002
:END:

Enhanced text supports compact mathematical notation in labels.

Compare with [[#PLT-08-002][PLT-08-002]].

#+name: plot-PLT-08-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-08-005.svg'
set label 999 'PLT-08-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle / rad"
set ylabel "A_0 / A^{2}"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-08-005.svg]]

| Parameter | Meaning                                                          |
|-----------+------------------------------------------------------------------|
| =_0=      | Render 0 as a subscript.                                         |
| =^{2}=    | Render 2 as a superscript. Braces group the superscript content. |

** PLT-08-006 Add a figure title
:PROPERTIES:
:PLOT_ID: PLT-08-006
:CUSTOM_ID: PLT-08-006
:TOPIC: 08 路 Axis labels and titles
:COMPARE_TO: PLT-08-002
:END:

A plot title sits above the plotting region and is separate from curve titles in the legend.

Compare with [[#PLT-08-002][PLT-08-002]].

#+name: plot-PLT-08-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-08-006.svg'
set label 999 'PLT-08-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle / rad"
set ylabel "Amplitude"
set title "One period of a sine wave"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-08-006.svg]]

| Parameter   | Meaning                                                           |
|-------------+-------------------------------------------------------------------|
| =set title= | Set the overall plot title; plot ... title names a curve instead. |

** PLT-08-007 Increase the title font
:PROPERTIES:
:PLOT_ID: PLT-08-007
:CUSTOM_ID: PLT-08-007
:TOPIC: 08 路 Axis labels and titles
:COMPARE_TO: PLT-08-006
:END:

Change only the title typography.

Compare with [[#PLT-08-006][PLT-08-006]].

#+name: plot-PLT-08-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-08-007.svg'
set label 999 'PLT-08-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle / rad"
set ylabel "Amplitude"
set title "One period of a sine wave" font ",30"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-08-007.svg]]

| Parameter    | Meaning                                                        |
|--------------+----------------------------------------------------------------|
| =font ",30"= | Retain the font family and set the title鈥檚 nominal size to 30. |

** PLT-08-008 Write a two-line title
:PROPERTIES:
:PLOT_ID: PLT-08-008
:CUSTOM_ID: PLT-08-008
:TOPIC: 08 路 Axis labels and titles
:COMPARE_TO: PLT-08-006
:END:

A double-quoted string interprets the newline escape.

Compare with [[#PLT-08-006][PLT-08-006]].

#+name: plot-PLT-08-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-08-008.svg'
set label 999 'PLT-08-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle / rad"
set ylabel "Amplitude"
set title "Sine wave\nOne complete period"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-08-008.svg]]

| Parameter         | Meaning                                                   |
|-------------------+-----------------------------------------------------------|
| =\n=              | A newline escape inside the double-quoted gnuplot string. |
| =Two title lines= | The automatic top margin expands to accommodate them.     |

* 09 路 Line, point and fill styles
:PROPERTIES:
:CUSTOM_ID: PLT-09-000
:CHAPTER: 09
:END:

** PLT-09-001 Increase line width
:PROPERTIES:
:PLOT_ID: PLT-09-001
:CUSTOM_ID: PLT-09-001
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-01-006
:END:

A larger line width makes the same curve more prominent.

Compare with [[#PLT-01-006][PLT-01-006]].

#+name: plot-PLT-09-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-001.svg'
set label 999 'PLT-09-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
plot sin(x) linewidth 4
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-001.svg]]

| Parameter     | Meaning                                                                             |
|---------------+-------------------------------------------------------------------------------------|
| =linewidth 4= | Set the relative line width to 4; terminal rendering determines the physical width. |

** PLT-09-002 Choose an explicit line colour
:PROPERTIES:
:PLOT_ID: PLT-09-002
:CUSTOM_ID: PLT-09-002
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-001
:END:

The explicit RWTH blue hexadecimal value replaces the default colour. No style file is needed for this colour choice.

Compare with [[#PLT-09-001][PLT-09-001]].

#+name: plot-PLT-09-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-002.svg'
set label 999 'PLT-09-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
plot sin(x) linewidth 4 linecolor rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-002.svg]]

| Parameter       | Meaning                                                    |
|-----------------+------------------------------------------------------------|
| =linecolor=     | Set this curve鈥檚 colour.                                   |
| =rgb "#00549F"= | RWTH blue as six hexadecimal digits: two digits per RGB channel. |

** PLT-09-003 Use a dashed line
:PROPERTIES:
:PLOT_ID: PLT-09-003
:CUSTOM_ID: PLT-09-003
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-002
:END:

Dash patterns distinguish curves without relying on colour.

Compare with [[#PLT-09-002][PLT-09-002]].

#+name: plot-PLT-09-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-003.svg'
set label 999 'PLT-09-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
plot sin(x) linewidth 4 linecolor rgb "#00549F" dashtype 2
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-003.svg]]

| Parameter    | Meaning                                       |
|--------------+-----------------------------------------------|
| =dashtype 2= | Select predefined dash pattern 2; 1 is solid. |

** PLT-09-004 Plot sampled points
:PROPERTIES:
:PLOT_ID: PLT-09-004
:CUSTOM_ID: PLT-09-004
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-01-006
:END:

The function is still analytic, but its samples are displayed as points.

Compare with [[#PLT-01-006][PLT-01-006]].

#+name: plot-PLT-09-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-004.svg'
set label 999 'PLT-09-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set samples 17
plot sin(x) with points
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-004.svg]]

| Parameter     | Meaning                                            |
|---------------+----------------------------------------------------|
| =samples 17=  | Sample the expression at 17 x positions.           |
| =with points= | Draw symbols rather than connecting line segments. |

** PLT-09-005 Choose the point symbol
:PROPERTIES:
:PLOT_ID: PLT-09-005
:CUSTOM_ID: PLT-09-005
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-004
:END:

Point type numbers select terminal-supported symbols.

Compare with [[#PLT-09-004][PLT-09-004]].

#+name: plot-PLT-09-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-005.svg'
set label 999 'PLT-09-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set samples 17
plot sin(x) with points pointtype 7
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-005.svg]]

| Parameter     | Meaning                                                         |
|---------------+-----------------------------------------------------------------|
| =pointtype 7= | Select symbol 7, a filled circle in the SVG terminal used here. |

** PLT-09-006 Increase point size
:PROPERTIES:
:PLOT_ID: PLT-09-006
:CUSTOM_ID: PLT-09-006
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-005
:END:

Scale the symbol size without changing point positions.

Compare with [[#PLT-09-005][PLT-09-005]].

#+name: plot-PLT-09-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-006.svg'
set label 999 'PLT-09-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set samples 17
plot sin(x) with points pointtype 7 pointsize 2
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-006.svg]]

| Parameter     | Meaning                                             |
|---------------+-----------------------------------------------------|
| =pointsize 2= | Draw symbols at twice the default point-size scale. |

** PLT-09-007 Connect the points
:PROPERTIES:
:PLOT_ID: PLT-09-007
:CUSTOM_ID: PLT-09-007
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-006
:END:

linespoints combines a connecting line with the selected symbols.

Compare with [[#PLT-09-006][PLT-09-006]].

#+name: plot-PLT-09-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-007.svg'
set label 999 'PLT-09-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set samples 17
plot sin(x) with linespoints pointtype 7 pointsize 2
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-007.svg]]

| Parameter          | Meaning                                    |
|--------------------+--------------------------------------------|
| =with linespoints= | Draw both line segments and point symbols. |

** PLT-09-008 Show a symbol at every tenth sample
:PROPERTIES:
:PLOT_ID: PLT-09-008
:CUSTOM_ID: PLT-09-008
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-007
:END:

Dense line samples make smooth curves, but drawing a marker at every sample creates clutter. Pointinterval changes marker frequency while retaining every line segment.

Compare with [[#PLT-09-007][PLT-09-007]].

#+name: plot-PLT-09-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-008.svg'
set label 999 'PLT-09-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set samples 121
plot sin(x) with linespoints pt 7 pi 10 lw 2 \
    title "Every tenth point"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-008.svg]]

| Parameter     | Meaning                                                                            |
|---------------+------------------------------------------------------------------------------------|
| =pi 10=       | Draw a symbol at every tenth sample; short for pointinterval.                      |
| =samples 121= | Keep all 121 samples for the connected line.                                       |
| =pi -10=      | Also blank a background patch under each selected symbol, on supporting terminals. |

** PLT-09-009 Limit the total number of point symbols
:PROPERTIES:
:PLOT_ID: PLT-09-009
:CUSTOM_ID: PLT-09-009
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-008
:END:

Pointnumber expresses a desired upper limit on markers rather than a fixed sample interval. The line still uses all sampled points.

Compare with [[#PLT-09-008][PLT-09-008]].

#+name: plot-PLT-09-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-009.svg'
set label 999 'PLT-09-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set samples 121
plot sin(x) with linespoints pt 7 pn 8 lw 2 \
    title "At most eight symbols"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-009.svg]]

| Parameter      | Meaning                                                                |
|----------------+------------------------------------------------------------------------|
| =pn 8=         | Limit the number of markers to eight; short for pointnumber.           |
| =pi versus pn= | Pointinterval sets spacing in samples; pointnumber sets a total limit. |

** PLT-09-010 Fill down to zero
:PROPERTIES:
:PLOT_ID: PLT-09-010
:CUSTOM_ID: PLT-09-010
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-01-006
:END:

filledcurves can close the curve against an axis-parallel reference line.

Compare with [[#PLT-01-006][PLT-01-006]].

#+name: plot-PLT-09-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-010.svg'
set label 999 'PLT-09-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
plot sin(x) with filledcurves y1=0
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-010.svg]]

| Parameter      | Meaning                                     |
|----------------+---------------------------------------------|
| =filledcurves= | Fill a closed area.                         |
| =y1=0=         | Close it against y=0 on the primary y axis. |

** PLT-09-011 Make the fill translucent
:PROPERTIES:
:PLOT_ID: PLT-09-011
:CUSTOM_ID: PLT-09-011
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-010
:END:

Transparency lets other graphical elements remain visible through the area.

Compare with [[#PLT-09-010][PLT-09-010]].

#+name: plot-PLT-09-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-011.svg'
set label 999 'PLT-09-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set style fill transparent solid 0.3 noborder
plot sin(x) with filledcurves y1=0
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-011.svg]]

| Parameter               | Meaning                                                           |
|-------------------------+-------------------------------------------------------------------|
| =style fill=            | Default fill settings for filled plot styles.                     |
| =transparent solid 0.3= | Use a solid fill with opacity 0.3; 0 is transparent, 1 is opaque. |
| =noborder=              | Do not draw an extra outline around the filled area.              |

** PLT-09-012 Fill between two curves
:PROPERTIES:
:PLOT_ID: PLT-09-012
:CUSTOM_ID: PLT-09-012
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO: PLT-09-011
:END:

The same idea can shade a corridor between explicit lower and upper values.

Compare with [[#PLT-09-011][PLT-09-011]].

#+name: plot-PLT-09-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-012.svg'
set label 999 'PLT-09-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set style fill transparent solid 0.3 noborder
plot "+" using 1:(sin($1)-0.2):(sin($1)+0.2) \
    with filledcurves title "Band"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-012.svg]]

| Parameter         | Meaning                                                  |
|-------------------+----------------------------------------------------------|
| ="+"=             | A special data source that supplies sampled x positions. |
| =using 1:...:...= | Map x, lower bound and upper bound to the fill.          |
| =$1=              | Value in the first supplied column.                      |
| =鈭�2; +0.2=      | The lower and upper offsets around sine.                 |

** PLT-09-013 Set different defaults for data and functions
:PROPERTIES:
:PLOT_ID: PLT-09-013
:CUSTOM_ID: PLT-09-013
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO:
:END:

The default plot style can be set independently for data and analytic functions. Explicit with clauses on individual elements take precedence.

#+name: plot-PLT-09-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-013.svg'
set label 999 'PLT-09-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 0.1
1 0.9
2 0.8
3 0.2
4 -0.7
5 -0.9
6 -0.3
EOD
set xrange [0:2*pi]
set style data points
set style function lines
plot $D using 1:2 pt 7 ps 1.5 title "Measurements", \
    sin(x) lw 3 title "Function"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-013.svg]]

| Parameter              | Meaning                                                       |
|------------------------+---------------------------------------------------------------|
| =style data points=    | Choose points when a data plot omits its with clause.         |
| =style function lines= | Choose lines when an analytic function omits its with clause. |
| =with ...=             | Overrides the default for that plot element.                  |

** PLT-09-014 Quick reference: line types
:PROPERTIES:
:PLOT_ID: PLT-09-014
:CUSTOM_ID: PLT-09-014
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO:
:END:

Compare the first eight default line types in one plot. A line type selects a reusable style, including colour; it is not the dash-pattern number. These swatches show the defaults of this fresh gnuplot process. Defaults can be redefined, and rendering depends on the terminal.

#+name: plot-PLT-09-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-014.svg'
set label 999 'PLT-09-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
unset border
unset xtics
set ytics nomirror scale 0
set xrange [0:1]
set lmargin 14
set rmargin 3
set yrange [8.7:0.3]
set ytics ()
set for [i=1:8] ytics add (sprintf("lt %d",i) i)
plot for [i=1:8] i with lines linetype i linewidth 3
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-014.svg]]

| Parameter            | Meaning                                                                               |
|----------------------+---------------------------------------------------------------------------------------|
| =for [i=1:8]=        | Repeat the plot element for each style number; y=i places each sample on its own row. |
| =linetype i (lt i)=  | Select line style i, including its default colour and other stored properties.        |
| =sprintf("lt %d",i)= | Label each row with the exact style number.                                           |
| =linewidth 3=        | Hold stroke width constant so the line types are easy to compare.                     |

** PLT-09-015 Quick reference: line widths
:PROPERTIES:
:PLOT_ID: PLT-09-015
:CUSTOM_ID: PLT-09-015
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO:
:END:

Compare six stroke widths at the same colour and dash pattern. Widths are relative multipliers, not a promise of an exact printed thickness.

#+name: plot-PLT-09-015
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-015.svg'
set label 999 'PLT-09-015' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
unset border
unset xtics
set ytics nomirror scale 0
set xrange [0:1]
set lmargin 14
set rmargin 3
array W[6] = [0.5,1,2,3,5,8]
set yrange [6.7:0.3]
set ytics ()
set for [i=1:6] ytics add (sprintf("lw %g",W[i]) i)
plot for [i=1:6] i with lines linewidth W[i] \
    linecolor rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-015.svg]]

| Parameter                  | Meaning                                                     |
|----------------------------+-------------------------------------------------------------|
| =array W[6]=               | Store the six widths in a one-based array.                  |
| =linewidth W[i] (lw W[i])= | Use the current array value as the stroke-width multiplier. |
| =%g=                       | Format each label without unnecessary trailing zeroes.      |

** PLT-09-016 Quick reference: dash patterns
:PROPERTIES:
:PLOT_ID: PLT-09-016
:CUSTOM_ID: PLT-09-016
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO:
:END:

Compare five numbered dash patterns and two custom definitions while keeping colour and width fixed. Dash patterns are independent of line types. The numbered patterns shown here are those of the SVG terminal.

#+name: plot-PLT-09-016
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-016.svg'
set label 999 'PLT-09-016' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
unset border
unset xtics
set ytics nomirror scale 0
set xrange [0:1]
set lmargin 14
set rmargin 3
set yrange [7.7:0.3]
set ytics ()
set for [i=1:5] ytics add (sprintf("dt %d",i) i)
set ytics add ('dt ".. "' 6, 'dt (8,3,2,3)' 7)
set dashtype 6 ".. "
set dashtype 7 (8,3,2,3)
plot for [i=1:7] i with lines dashtype i \
    linewidth 3 linecolor rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-016.svg]]

| Parameter                | Meaning                                                                       |
|--------------------------+-------------------------------------------------------------------------------|
| =dashtype i (dt i)=      | Select a dash pattern independently of the line colour; type 1 is solid here. |
| =set dashtype 6 ".. "=   | Define pattern 6 from two dots and an extra space.                            |
| =(8,3,2,3)=              | Alternate stroke and gap lengths: long stroke, gap, short stroke, gap.        |
| =linecolor rgb (lc rgb)= | Use the same blue for every sample.                                           |

** PLT-09-017 Quick reference: point symbols
:PROPERTIES:
:PLOT_ID: PLT-09-017
:CUSTOM_ID: PLT-09-017
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO:
:END:

Choose a point symbol from this labelled contact sheet. Every symbol uses the same colour and size. Symbol shapes and the available range can vary by terminal; these are SVG point types 0 through 14.

#+name: plot-PLT-09-017
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-017.svg'
set label 999 'PLT-09-017' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
unset border
unset tics
set xrange [0:6]
set yrange [0:4]
$P << EOD
0 0
EOD
set for [i=0:14] label i+1 sprintf("pt %d",i) \
    at 1+i%5,3-int(i/5) center offset 0,-1.5
plot for [i=0:14] $P using (1+i%5):(3-int(i/5)) \
    with points pointtype i pointsize 2 \
    linecolor rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-017.svg]]

| Parameter            | Meaning                                                         |
|----------------------+-----------------------------------------------------------------|
| =pointtype i (pt i)= | Select the symbol by its integer number; type 0 is a small dot. |
| =pointsize 2 (ps 2)= | Use the same relative marker size for every symbol.             |
| =i%5; int(i/5)=      | Arrange the symbols in five columns and three rows.             |
| =$P; using (...)=    | Reuse one inline data row and calculate each symbol position.   |

** PLT-09-018 Quick reference: point sizes
:PROPERTIES:
:PLOT_ID: PLT-09-018
:CUSTOM_ID: PLT-09-018
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO:
:END:

Compare six sizes of the same filled-circle marker. Point size is a relative multiplier, not a data-space radius. Its visual size depends on the terminal.

#+name: plot-PLT-09-018
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-018.svg'
set label 999 'PLT-09-018' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
unset border
unset ytics
set xtics nomirror scale 0
set xrange [0:7]
set yrange [0:2]
set bmargin 5
array S[6] = [0.5,1,1.5,2,3,4]
set xtics ()
set for [i=1:6] xtics add (sprintf("ps %g",S[i]) i)
$P << EOD
0 0
EOD
plot for [i=1:6] $P using (i):(1) \
    with points pointtype 7 pointsize S[i] \
    linecolor rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-018.svg]]

| Parameter                  | Meaning                                                                    |
|----------------------------+----------------------------------------------------------------------------|
| =pointtype 7=              | Use the filled-circle symbol of the SVG terminal.                          |
| =pointsize S[i] (ps S[i])= | Select each relative size from the array; positions and colour stay fixed. |
| =set xtics add=            | Put a size label below each sample without drawing tick strokes.           |

** PLT-09-019 Quick reference: fill patterns
:PROPERTIES:
:PLOT_ID: PLT-09-019
:CUSTOM_ID: PLT-09-019
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO:
:END:

Compare eight numbered hatch fills in a compact two-row sheet. These rectangles use the same fillstyle syntax as filled plot elements such as boxes. Available patterns depend on the terminal and may repeat beyond its pattern set.

#+name: plot-PLT-09-019
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-019.svg'
set label 999 'PLT-09-019' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
unset border
unset tics
set xrange [0:8]
set yrange [0:4]
x(i) = 0.35 + 2*(i%4)
y(i) = 2.35 - 2*int(i/4)
set for [i=0:7] object i+1 rectangle \
    from x(i),y(i) to x(i)+1.3,y(i)+1.1 \
    fillcolor rgb "#00549F" fillstyle pattern i \
    border linecolor rgb "#00549F"
set for [i=0:7] label i+1 sprintf("pattern %d",i) \
    at x(i)+0.65,y(i)-0.2 center
plot NaN notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-019.svg]]

| Parameter                            | Meaning                                                                                |
|--------------------------------------+----------------------------------------------------------------------------------------|
| =fillstyle pattern i (fs pattern i)= | Fill each rectangle with terminal pattern i.                                           |
| =fillcolor rgb (fc rgb)=             | Choose the colour used to draw the pattern.                                            |
| =border linecolor rgb=               | Outline each rectangle so even an empty pattern remains visible.                       |
| =plot NaN=                           | Draw the configured objects and labels without a data curve; both ranges are explicit. |

** PLT-09-020 Quick reference: lines, steps and impulses
:PROPERTIES:
:PLOT_ID: PLT-09-020
:CUSTOM_ID: PLT-09-020
:TOPIC: 09 路 Line, point and fill styles
:COMPARE_TO:
:END:

The same observations produce different connecting conventions. Vertical impulses emphasize the individual values rather than implying a continuous path.

#+name: plot-PLT-09-020
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-09-020.svg'
set label 999 'PLT-09-020' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 1
1 3
2 2
3 4
4 1
EOD
set multiplot layout 2,2
unset key
set xrange [-0.3:4.3]
set yrange [0:4.5]
set title "lines"
plot $D with linespoints pt 7 lw 2
set title "steps"
plot $D with steps lw 2, $D with points pt 7
set title "fsteps"
plot $D with fsteps lw 2, $D with points pt 7
set title "impulses"
plot $D with impulses lw 3, $D with points pt 7
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-09-020.svg]]

| Parameter     | Meaning                                                     |
|---------------+-------------------------------------------------------------|
| =steps=       | Hold the previous value until reaching the next x position. |
| =fsteps=      | Change to the next value at the previous x position.        |
| =impulses=    | Draw a vertical stroke from y=0 to each observation.        |
| =linespoints= | Connect adjacent observations with straight segments.       |

* 10 路 Legend position and layout
:PROPERTIES:
:CUSTOM_ID: PLT-10-000
:CHAPTER: 10
:END:

** PLT-10-001 Move the legend to the lower left
:PROPERTIES:
:PLOT_ID: PLT-10-001
:CUSTOM_ID: PLT-10-001
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-01-004
:END:

Set horizontal and vertical placement explicitly.

Compare with [[#PLT-01-004][PLT-01-004]].

#+name: plot-PLT-10-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-001.svg'
set label 999 'PLT-10-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key left bottom
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-001.svg]]

| Parameter     | Meaning                                          |
|---------------+--------------------------------------------------|
| =key=         | The legend.                                      |
| =left bottom= | Horizontal and vertical anchors inside the plot. |

** PLT-10-002 Move the legend to the upper left
:PROPERTIES:
:PLOT_ID: PLT-10-002
:CUSTOM_ID: PLT-10-002
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-001
:END:

Only the vertical anchor changes.

Compare with [[#PLT-10-001][PLT-10-001]].

#+name: plot-PLT-10-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-002.svg'
set label 999 'PLT-10-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key left top
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-002.svg]]

| Parameter | Meaning                                      |
|-----------+----------------------------------------------|
| =top=     | Use the top edge instead of the bottom edge. |

** PLT-10-003 Move the legend outside
:PROPERTIES:
:PLOT_ID: PLT-10-003
:CUSTOM_ID: PLT-10-003
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-002
:END:

Placing a legend outside can free the data region, but consumes canvas space.

Compare with [[#PLT-10-002][PLT-10-002]].

#+name: plot-PLT-10-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-003.svg'
set label 999 'PLT-10-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key outside right top
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-003.svg]]

| Parameter   | Meaning                                          |
|-------------+--------------------------------------------------|
| =outside=   | Place the legend outside the plot borders.       |
| =right top= | Use the right-hand side and align it to the top. |

** PLT-10-004 Place a horizontal legend below
:PROPERTIES:
:PLOT_ID: PLT-10-004
:CUSTOM_ID: PLT-10-004
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-01-004
:END:

Horizontal arrangement uses columns instead of a vertical stack.

Compare with [[#PLT-01-004][PLT-01-004]].

#+name: plot-PLT-10-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-004.svg'
set label 999 'PLT-10-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key outside bottom center horizontal
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-004.svg]]

| Parameter               | Meaning                                         |
|-------------------------+-------------------------------------------------|
| =outside bottom center= | Centre the legend below the plot.               |
| =horizontal=            | Arrange entries across a row when space allows. |

** PLT-10-005 Draw a legend box
:PROPERTIES:
:PLOT_ID: PLT-10-005
:CUSTOM_ID: PLT-10-005
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-001
:END:

A border helps separate a legend from surrounding data.

Compare with [[#PLT-10-001][PLT-10-001]].

#+name: plot-PLT-10-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-005.svg'
set label 999 'PLT-10-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key left bottom
set key box
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-005.svg]]

| Parameter | Meaning                                         |
|-----------+-------------------------------------------------|
| =box=     | Draw a box around the existing legend position. |

** PLT-10-006 Give the legend an opaque background
:PROPERTIES:
:PLOT_ID: PLT-10-006
:CUSTOM_ID: PLT-10-006
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-005
:END:

The legend now covers lines behind it. Compare the line passing through its area.

Compare with [[#PLT-10-005][PLT-10-005]].

#+name: plot-PLT-10-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-006.svg'
set label 999 'PLT-10-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key left bottom
set key box
set key opaque
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-006.svg]]

| Parameter | Meaning                                            |
|-----------+----------------------------------------------------|
| =opaque=  | Fill behind the legend with the background colour. |

** PLT-10-007 Give the legend a title
:PROPERTIES:
:PLOT_ID: PLT-10-007
:CUSTOM_ID: PLT-10-007
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-005
:END:

A legend title describes the collection of entries. It is separate from the figure title and from the titles of individual curves.

Compare with [[#PLT-10-005][PLT-10-005]].

#+name: plot-PLT-10-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-007.svg'
set label 999 'PLT-10-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set key top right title "Trigonometric functions" box
plot sin(x) title "Sine", cos(x) title "Cosine"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-007.svg]]

| Parameter        | Meaning                                       |
|------------------+-----------------------------------------------|
| =key title=      | Heading inside the legend.                    |
| =plot ... title= | Label for one curve in that legend.           |
| =box=            | Draw a frame around the legend and its title. |

** PLT-10-008 Anchor the legend with graph coordinates
:PROPERTIES:
:PLOT_ID: PLT-10-008
:CUSTOM_ID: PLT-10-008
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-007
:END:

Explicit placement is useful when the named corner positions are too coarse. Graph coordinates track the plot region as its margins change.

Compare with [[#PLT-10-007][PLT-10-007]].

#+name: plot-PLT-10-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-008.svg'
set label 999 'PLT-10-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set key at graph 0.03,0.95 left top opaque box
plot sin(x) title "Sine", cos(x) title "Cosine"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-008.svg]]

| Parameter            | Meaning                                                         |
|----------------------+-----------------------------------------------------------------|
| =at graph 0.03,0.95= | Place the legend anchor near the upper-left of the plot region. |
| =left top=           | Align the legend rectangle relative to that anchor.             |
| =opaque=             | Cover plotted data underneath the legend.                       |

** PLT-10-009 Enlarge legend text
:PROPERTIES:
:PLOT_ID: PLT-10-009
:CUSTOM_ID: PLT-10-009
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-002
:END:

Legend text has its own font setting.

Compare with [[#PLT-10-002][PLT-10-002]].

#+name: plot-PLT-10-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-009.svg'
set label 999 'PLT-10-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key left top
set key font ",28"
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-009.svg]]

| Parameter    | Meaning                                               |
|--------------+-------------------------------------------------------|
| =font ",28"= | Keep the family; use nominal size 28 for legend text. |

** PLT-10-010 Lengthen legend samples
:PROPERTIES:
:PLOT_ID: PLT-10-010
:CUSTOM_ID: PLT-10-010
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-002
:END:

The sample strokes can be adjusted independently of the text.

Compare with [[#PLT-10-002][PLT-10-002]].

#+name: plot-PLT-10-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-010.svg'
set label 999 'PLT-10-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key left top
set key samplen 7
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-010.svg]]

| Parameter   | Meaning                                                                   |
|-------------+---------------------------------------------------------------------------|
| =samplen 7= | Sample length, approximately in character widths; the default is shorter. |

** PLT-10-011 Increase spacing between entries
:PROPERTIES:
:PLOT_ID: PLT-10-011
:CUSTOM_ID: PLT-10-011
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-002
:END:

More vertical spacing separates the legend rows.

Compare with [[#PLT-10-002][PLT-10-002]].

#+name: plot-PLT-10-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-011.svg'
set label 999 'PLT-10-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key left top
set key spacing 1.8
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-011.svg]]

| Parameter     | Meaning                                 |
|---------------+-----------------------------------------|
| =spacing 1.8= | Multiply the normal row spacing by 1.8. |

** PLT-10-012 Arrange the legend in two columns
:PROPERTIES:
:PLOT_ID: PLT-10-012
:CUSTOM_ID: PLT-10-012
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO:
:END:

A horizontal legend fills across its rows. Limit the column count to keep several entries compact below the plot.

#+name: plot-PLT-10-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-012.svg'
set label 999 'PLT-10-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set key outside below horizontal maxcols 2
plot for [i=1:4] 0.2*i*sin(x) \
    title sprintf("Amplitude %.1f",0.2*i) lw 2
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-012.svg]]

| Parameter              | Meaning                                                 |
|------------------------+---------------------------------------------------------|
| =horizontal maxcols 2= | Lay out entries horizontally using at most two columns. |
| =outside below=        | Reserve legend space below the plot.                    |
| =maxrows=              | The complementary limit for the number of rows.         |

** PLT-10-013 Reverse legend entry order
:PROPERTIES:
:PLOT_ID: PLT-10-013
:CUSTOM_ID: PLT-10-013
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-002
:END:

Legend order can change without changing which curve is drawn first.

Compare with [[#PLT-10-002][PLT-10-002]].

#+name: plot-PLT-10-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-013.svg'
set label 999 'PLT-10-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set key left top
set key invert
plot sin(x) title 'Sine', cos(x) title 'Cosine'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-013.svg]]

| Parameter | Meaning                                                                   |
|-----------+---------------------------------------------------------------------------|
| =invert=  | Reverse the vertical order of entries; it does not reverse x or the data. |

** PLT-10-014 Reverse sample placement without reordering entries
:PROPERTIES:
:PLOT_ID: PLT-10-014
:CUSTOM_ID: PLT-10-014
:TOPIC: 10 路 Legend position and layout
:COMPARE_TO: PLT-10-005
:END:

Reverse exchanges the text and sample positions within each legend entry. Invert changes the order of the entries, as shown in PLT-10-013.

Compare with [[#PLT-10-005][PLT-10-005]].

#+name: plot-PLT-10-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-10-014.svg'
set label 999 'PLT-10-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set key top right reverse Left box
plot sin(x) title "Sine", cos(x) title "Cosine"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-10-014.svg]]

| Parameter | Meaning                                                   |
|-----------+-----------------------------------------------------------|
| =reverse= | Put the sample on the opposite side of each label.        |
| =Left=    | Left-align the legend text; capitalization matters here.  |
| =invert=  | A separate option that reverses the order of the entries. |

* 11 路 Borders and reference lines
:PROPERTIES:
:CUSTOM_ID: PLT-11-000
:CHAPTER: 11
:END:

** PLT-11-001 Keep only left and bottom borders
:PROPERTIES:
:PLOT_ID: PLT-11-001
:CUSTOM_ID: PLT-11-001
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-01-007
:END:

The border value is a sum of side flags. Matching tick settings prevent marks on missing sides.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-11-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-001.svg'
set label 999 'PLT-11-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set border 3
set tics nomirror
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-001.svg]]

| Parameter       | Meaning                                                |
|-----------------+--------------------------------------------------------|
| =border 3=      | 1 (bottom) + 2 (left). In 2D, 4 is top and 8 is right. |
| =tics nomirror= | Remove tick copies on the omitted sides.               |

** PLT-11-002 Restore all four borders
:PROPERTIES:
:PLOT_ID: PLT-11-002
:CUSTOM_ID: PLT-11-002
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-001
:END:

Change only the border bit mask.

Compare with [[#PLT-11-001][PLT-11-001]].

#+name: plot-PLT-11-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-002.svg'
set label 999 'PLT-11-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set tics nomirror
set border 15
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-002.svg]]

| Parameter | Meaning                                                              |
|-----------+----------------------------------------------------------------------|
| =15=      | 1 + 2 + 4 + 8: draw all four sides. Tick mirroring remains disabled. |

** PLT-11-003 Keep just the bottom border
:PROPERTIES:
:PLOT_ID: PLT-11-003
:CUSTOM_ID: PLT-11-003
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-001
:END:

The border mask selects individual sides independently. Keeping just the bottom side creates an open frame; the existing y ticks remain.

Compare with [[#PLT-11-001][PLT-11-001]].

#+name: plot-PLT-11-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-003.svg'
set label 999 'PLT-11-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set border 1
set tics nomirror
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-003.svg]]

| Parameter  | Meaning                                                                                             |
|------------+-----------------------------------------------------------------------------------------------------|
| =border 1= | Draw the bottom side only. In 2D, bottom=1, left=2, top=4 and right=8; add values to combine sides. |

** PLT-11-004 Put the frame and ticks at the top and right
:PROPERTIES:
:PLOT_ID: PLT-11-004
:CUSTOM_ID: PLT-11-004
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-001
:END:

Move the coordinate frame to the opposite sides. Match the secondary ranges to the primary axes so that the new labels describe the same curve.

Compare with [[#PLT-11-001][PLT-11-001]].

#+name: plot-PLT-11-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-004.svg'
set label 999 'PLT-11-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set border 12
unset xtics
unset ytics
set x2range [0:2*pi]
set y2range [-1.5:1.5]
set x2tics nomirror
set y2tics nomirror
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-004.svg]]

| Parameter          | Meaning                                                                              |
|--------------------+--------------------------------------------------------------------------------------|
| =border 12=        | Draw top (4) and right (8) borders.                                                  |
| =x2range; y2range= | Match the secondary axes to the primary x and y ranges.                              |
| =x2tics; y2tics=   | Show ticks on top and right; disable primary ticks to remove bottom and left labels. |

** PLT-11-005 Thicken the remaining borders
:PROPERTIES:
:PLOT_ID: PLT-11-005
:CUSTOM_ID: PLT-11-005
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-001
:END:

The border has an independent line style.

Compare with [[#PLT-11-001][PLT-11-001]].

#+name: plot-PLT-11-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-005.svg'
set label 999 'PLT-11-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set tics nomirror
set border 3 linewidth 3
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-005.svg]]

| Parameter     | Meaning                                    |
|---------------+--------------------------------------------|
| =linewidth 3= | Relative width of the chosen border sides. |

** PLT-11-006 Colour the border and tick strokes
:PROPERTIES:
:PLOT_ID: PLT-11-006
:CUSTOM_ID: PLT-11-006
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-005
:END:

Apply a blue line colour to the left and bottom frame. Tick strokes inherit the border style; tick-label text can be styled separately.

Compare with [[#PLT-11-005][PLT-11-005]].

#+name: plot-PLT-11-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-006.svg'
set label 999 'PLT-11-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set tics nomirror
set border 3 linewidth 3 linecolor rgb "#00549F"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-006.svg]]

| Parameter                 | Meaning                                                    |
|---------------------------+------------------------------------------------------------|
| =linecolor rgb "#00549F"= | Use an explicit blue RGB colour for the border line style. |

** PLT-11-007 Use a dashed border
:PROPERTIES:
:PLOT_ID: PLT-11-007
:CUSTOM_ID: PLT-11-007
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-006
:END:

Give the existing blue border a dashed stroke while preserving its width and selected sides.

Compare with [[#PLT-11-006][PLT-11-006]].

#+name: plot-PLT-11-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-007.svg'
set label 999 'PLT-11-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set tics nomirror
set border 3 linewidth 3 linecolor rgb "#00549F" dashtype 2
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-007.svg]]

| Parameter    | Meaning                                       |
|--------------+-----------------------------------------------|
| =dashtype 2= | Use dash pattern 2 for the border line style. |

** PLT-11-008 Shorten borders to the data extent
:PROPERTIES:
:PLOT_ID: PLT-11-008
:CUSTOM_ID: PLT-11-008
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-001
:END:

Limit ticks and borders to the values present in the plotted data. The sine curve only reaches -1 to 1, so the left border becomes shorter even though the y range remains -1.5 to 1.5.

Compare with [[#PLT-11-001][PLT-11-001]].

#+name: plot-PLT-11-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-008.svg'
set label 999 'PLT-11-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set border 3
set xtics rangelimited
set ytics rangelimited
set tics nomirror
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-008.svg]]

| Parameter      | Meaning                                                                                           |
|----------------+---------------------------------------------------------------------------------------------------|
| =rangelimited= | Limit automatic ticks and their border to plotted data values; apply separately to x and y ticks. |

** PLT-11-009 Draw the zero axes
:PROPERTIES:
:PLOT_ID: PLT-11-009
:CUSTOM_ID: PLT-11-009
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-01-007
:END:

Reference axes through zero can be useful even when ticks stay on the border.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-11-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-009.svg'
set label 999 'PLT-11-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set zeroaxis linewidth 2
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-009.svg]]

| Parameter     | Meaning                                                  |
|---------------+----------------------------------------------------------|
| =zeroaxis=    | Draw the axes at zero where they fall within the ranges. |
| =linewidth 2= | Relative width of those reference axes.                  |

** PLT-11-010 Put ticks on the zero axes
:PROPERTIES:
:PLOT_ID: PLT-11-010
:CUSTOM_ID: PLT-11-010
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-009
:END:

Tick position can move from the frame to the axes themselves.

Compare with [[#PLT-11-009][PLT-11-009]].

#+name: plot-PLT-11-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-010.svg'
set label 999 'PLT-11-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set zeroaxis linewidth 2
set xtics axis nomirror
set ytics axis nomirror
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-010.svg]]

| Parameter  | Meaning                                                        |
|------------+----------------------------------------------------------------|
| =axis=     | Place ticks and labels on the zero axis when it lies in range. |
| =nomirror= | Do not repeat them on the opposite frame.                      |

** PLT-11-011 Remove the outer frame
:PROPERTIES:
:PLOT_ID: PLT-11-011
:CUSTOM_ID: PLT-11-011
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-010
:END:

The zero axes and their ticks remain as the coordinate reference.

Compare with [[#PLT-11-010][PLT-11-010]].

#+name: plot-PLT-11-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-011.svg'
set label 999 'PLT-11-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set zeroaxis linewidth 2
set xtics axis nomirror
set ytics axis nomirror
unset border
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-011.svg]]

| Parameter      | Meaning                                                         |
|----------------+-----------------------------------------------------------------|
| =unset border= | Suppress the surrounding frame, without removing the zero axes. |

** PLT-11-012 Style the horizontal zero reference
:PROPERTIES:
:PLOT_ID: PLT-11-012
:CUSTOM_ID: PLT-11-012
:TOPIC: 11 路 Borders and reference lines
:COMPARE_TO: PLT-11-001
:END:

Add a dashed orange reference at y=0 without changing the frame. The x zero axis is the horizontal line through zero on the y scale.

Compare with [[#PLT-11-001][PLT-11-001]].

#+name: plot-PLT-11-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-11-012.svg'
set label 999 'PLT-11-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set border 3
set tics nomirror
set xzeroaxis linewidth 2 dashtype 2 linecolor rgb "#F6A800"
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-11-012.svg]]

| Parameter                 | Meaning                                    |
|---------------------------+--------------------------------------------|
| =xzeroaxis=               | Draw the horizontal reference line at y=0. |
| =linewidth 2; dashtype 2= | Use a thicker dashed reference stroke.     |
| =linecolor rgb "#F6A800"= | Select orange for the reference line.      |

* 12 路 Labels, arrows and shaded regions
:PROPERTIES:
:CUSTOM_ID: PLT-12-000
:CHAPTER: 12
:END:

** PLT-12-001 Compare five coordinate systems
:PROPERTIES:
:PLOT_ID: PLT-12-001
:CUSTOM_ID: PLT-12-001
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO:
:END:

First and second refer to axis values. Graph follows the plot rectangle; screen follows the whole canvas. Character positions use nominal character width and height from the canvas origin.

#+name: plot-PLT-12-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-001.svg'
set label 999 'PLT-12-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:10]
set yrange [0:10]
set y2range [0:100]
set ytics nomirror
set y2tics
set lmargin at screen 0.20
set rmargin at screen 0.85
set bmargin at screen 0.20
set tmargin at screen 0.85
set label 1 "first (5,7)" at first 5,7 point pt 7
set label 2 "second (5,30)" at first 5,second 30 point pt 7
set label 3 "graph (0.1,0.8)" at graph 0.1,0.8 point pt 7
set label 4 "screen (0.45,0.10)" at screen 0.45,0.10 point pt 7
set label 5 "character (2,2)" at character 2,2 point pt 7
plot x/2 with lines lw 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-001.svg]]

| Parameter   | Meaning                                                              |
|-------------+----------------------------------------------------------------------|
| =first=     | Primary data-axis coordinates; the default.                          |
| =second=    | Secondary-axis coordinates; this label mixes first x and second y.   |
| =graph=     | Fractions of the plot rectangle: bottom-left (0,0), top-right (1,1). |
| =screen=    | Fractions of the complete canvas, including margins.                 |
| =character= | Positions measured in nominal character widths and heights.          |

** PLT-12-002 Change ranges while retaining annotation anchors
:PROPERTIES:
:PLOT_ID: PLT-12-002
:CUSTOM_ID: PLT-12-002
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-12-001
:END:

Doubling the x range moves data-anchored labels left. Graph and screen positions stay fixed here because the explicit frame placement is unchanged. Font changes would also affect character positions.

Compare with [[#PLT-12-001][PLT-12-001]].

#+name: plot-PLT-12-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-002.svg'
set label 999 'PLT-12-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:20]
set yrange [0:10]
set y2range [0:100]
set ytics nomirror
set y2tics
set lmargin at screen 0.20
set rmargin at screen 0.85
set bmargin at screen 0.20
set tmargin at screen 0.85
set label 1 "first (5,7)" at first 5,7 point pt 7
set label 2 "second (5,30)" at first 5,second 30 point pt 7
set label 3 "graph (0.1,0.8)" at graph 0.1,0.8 point pt 7
set label 4 "screen (0.45,0.10)" at screen 0.45,0.10 point pt 7
set label 5 "character (2,2)" at character 2,2 point pt 7
plot x/2 with lines lw 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-002.svg]]

| Parameter                 | Meaning                                                      |
|---------------------------+--------------------------------------------------------------|
| =xrange [0:20]=           | Change the mapping from data x values to the plot rectangle. |
| =graph; screen=           | Their fixed fractional anchors do not depend on data ranges. |
| =explicit screen margins= | Keep the rectangle fixed for this comparison.                |

** PLT-12-003 Place text at a data point
:PROPERTIES:
:PLOT_ID: PLT-12-003
:CUSTOM_ID: PLT-12-003
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-01-007
:END:

A label can use the same coordinate system as the curve.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-12-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-003.svg'
set label 999 'PLT-12-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set label 1 "Peak" at first pi/2,1
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-003.svg]]

| Parameter  | Meaning                             |
|------------+-------------------------------------|
| =label 1=  | Create or update label number 1.    |
| =at first= | Use primary-axis data coordinates.  |
| =pi/2,1=   | The x and y position of the anchor. |

** PLT-12-004 Offset a label from its point
:PROPERTIES:
:PLOT_ID: PLT-12-004
:CUSTOM_ID: PLT-12-004
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-12-003
:END:

Keep its data anchor, but move the text slightly for legibility.

Compare with [[#PLT-12-003][PLT-12-003]].

#+name: plot-PLT-12-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-004.svg'
set label 999 'PLT-12-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set label 1 "Peak" at first pi/2,1 offset 0,1
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-004.svg]]

| Parameter    | Meaning                                                                |
|--------------+------------------------------------------------------------------------|
| =offset 0,1= | Move the text one character height upward; keep the data anchor fixed. |

** PLT-12-005 Anchor text to the plot region
:PROPERTIES:
:PLOT_ID: PLT-12-005
:CUSTOM_ID: PLT-12-005
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-01-007
:END:

Graph coordinates keep a note in a fixed relative position when ranges change.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-12-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-005.svg'
set label 999 'PLT-12-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set label 1 "Top left" at graph 0.03,0.92
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-005.svg]]

| Parameter   | Meaning                                                                       |
|-------------+-------------------------------------------------------------------------------|
| =graph=     | Normalised plot-region coordinates: (0,0) is bottom-left, (1,1) is top-right. |
| =0.03,0.92= | 3% across and 92% up the plot region.                                         |

** PLT-12-006 Centre text on its anchor
:PROPERTIES:
:PLOT_ID: PLT-12-006
:CUSTOM_ID: PLT-12-006
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-12-005
:END:

Alignment determines which part of the text sits at the chosen point.

Compare with [[#PLT-12-005][PLT-12-005]].

#+name: plot-PLT-12-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-006.svg'
set label 999 'PLT-12-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set label 1 "Centred" at graph 0.5,0.92 center
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-006.svg]]

| Parameter  | Meaning                                      |
|------------+----------------------------------------------|
| =0.5,0.92= | Horizontal centre of the plot, near its top. |
| =center=   | Centre the text on that anchor.              |

** PLT-12-007 Give a label an opaque text box
:PROPERTIES:
:PLOT_ID: PLT-12-007
:CUSTOM_ID: PLT-12-007
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-12-006
:END:

A text box makes an annotation readable where curves pass behind it. Its fill, border and padding are configured separately from the label text.

Compare with [[#PLT-12-006][PLT-12-006]].

#+name: plot-PLT-12-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-007.svg'
set label 999 'PLT-12-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set style textbox opaque fc rgb "white" \
    border lc rgb "#646567" margins 1,0.5
set label 1 "Peak" at pi/2,1 center boxed front
plot sin(x) with lines lw 5 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-007.svg]]

| Parameter       | Meaning                                             |
|-----------------+-----------------------------------------------------|
| =style textbox= | Set the appearance of boxed text.                   |
| =boxed front=   | Use that box and draw the label over the curve.     |
| =margins 1,0.5= | Horizontal and vertical padding in character units. |

** PLT-12-008 Rotate an annotation along a trend
:PROPERTIES:
:PLOT_ID: PLT-12-008
:CUSTOM_ID: PLT-12-008
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO:
:END:

Label rotation is a display angle in degrees. It is not computed from the numeric slope, because changing the plot aspect ratio changes the visible slope.

#+name: plot-PLT-12-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-008.svg'
set label 999 'PLT-12-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:5]
set yrange [0:5]
set size ratio 1
set label 1 "Increasing trend" at 2,2.4 \
    rotate by 45 textcolor rgb "#00549F"
plot x with lines lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-008.svg]]

| Parameter      | Meaning                                                                    |
|----------------+----------------------------------------------------------------------------|
| =rotate by 45= | Rotate the displayed text by 45 degrees.                                   |
| =ratio 1=      | Make the plot region square so equal x/y ranges have equal physical units. |

** PLT-12-009 Draw an arrow between points
:PROPERTIES:
:PLOT_ID: PLT-12-009
:CUSTOM_ID: PLT-12-009
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-01-007
:END:

Arrows can connect two data coordinates.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-12-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-009.svg'
set label 999 'PLT-12-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set arrow 1 from 3,1.2 to pi/2,1 head filled
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-009.svg]]

| Parameter               | Meaning                                                |
|-------------------------+--------------------------------------------------------|
| =arrow 1=               | Create or update arrow number 1.                       |
| =from 3,1.2; to pi/2,1= | Start and end, in primary data coordinates by default. |
| =head filled=           | Put a filled arrowhead at the endpoint.                |

** PLT-12-010 Control arrowhead size and angles
:PROPERTIES:
:PLOT_ID: PLT-12-010
:CUSTOM_ID: PLT-12-010
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-12-009
:END:

Screen units keep head length independent of the data ranges. The two angles control the head opening and its back edge.

Compare with [[#PLT-12-009][PLT-12-009]].

#+name: plot-PLT-12-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-010.svg'
set label 999 'PLT-12-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set arrow 1 from 3,1.2 to pi/2,1 head filled \
    size screen 0.04,25,70 lw 2 lc rgb "#CC071E"
plot sin(x) with lines lw 3 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-010.svg]]

| Parameter                | Meaning                                                                           |
|--------------------------+-----------------------------------------------------------------------------------|
| =size screen 0.04,25,70= | Head length as a canvas-width fraction, opening angle, and back angle in degrees. |
| =filled=                 | Close and fill the head polygon.                                                  |

** PLT-12-011 Quick reference: arrowheads
:PROPERTIES:
:PLOT_ID: PLT-12-011
:CUSTOM_ID: PLT-12-011
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO:
:END:

Keep the line geometry fixed while comparing head count and head fill. Arrowheads can be styled independently of the curve symbols.

#+name: plot-PLT-12-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-011.svg'
set label 999 'PLT-12-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
unset border
unset xtics
set xrange [0:1]
set yrange [0.5:5.5]
set lmargin 18
set ytics ("nohead" 5, "head filled" 4, "head empty" 3, \
    "heads filled" 2, "backhead" 1) nomirror scale 0
set style arrow 1 size screen 0.025,20,60 lw 3 \
    lc rgb "#00549F"
set arrow 1 from 0.1,5 to 0.9,5 as 1 nohead
set arrow 2 from 0.1,4 to 0.9,4 as 1 head filled
set arrow 3 from 0.1,3 to 0.9,3 as 1 head empty
set arrow 4 from 0.1,2 to 0.9,2 as 1 heads filled
set arrow 5 from 0.1,1 to 0.9,1 as 1 backhead filled
plot NaN notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-011.svg]]

| Parameter               | Meaning                                              |
|-------------------------+------------------------------------------------------|
| =head; backhead; heads= | Put heads at the end, start, or both ends.           |
| =filled; empty=         | Fill the arrowhead or show its outline.              |
| =as 1=                  | Apply numbered arrow style 1.                        |
| =plot NaN=              | Draw the frame and annotations without a data curve. |

** PLT-12-012 Clip a segment whose endpoints are both outside
:PROPERTIES:
:PLOT_ID: PLT-12-012
:CUSTOM_ID: PLT-12-012
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO:
:END:

A line may cross the visible region even when both endpoints lie outside it. Clip two controls whether this crossing portion is drawn. It does not control clipping of filled objects.

#+name: plot-PLT-12-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-012.svg'
set label 999 'PLT-12-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
-1 0.2
2 0.8
EOD
set multiplot layout 1,2
set xrange [0:1]
set yrange [0:1]
unset key
unset clip two
set title "unset clip two"
plot $D with lines lw 4
set clip two
set title "set clip two"
plot $D with lines lw 4
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-012.svg]]

| Parameter     | Meaning                                                                     |
|---------------+-----------------------------------------------------------------------------|
| =clip two=    | Draw the in-range portion even if both segment endpoints are outside.       |
| =clip one=    | Controls segments with one endpoint inside the visible range.               |
| =clip points= | Suppress symbols that would extend beyond the frame; it does not trim them. |
| =objects=     | Use their own clip/noclip property.                                         |

** PLT-12-013 Highlight an x interval
:PROPERTIES:
:PLOT_ID: PLT-12-013
:CUSTOM_ID: PLT-12-013
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO: PLT-01-007
:END:

Mix data x coordinates with graph y coordinates to shade the full plot height.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-12-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-013.svg'
set label 999 'PLT-12-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set object 1 rectangle from first 2, graph 0 \
    to first 4, graph 1 behind \
    fillcolor rgb "#00549F" fillstyle transparent solid 0.15 noborder
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-013.svg]]

| Parameter              | Meaning                                                            |
|------------------------+--------------------------------------------------------------------|
| =object 1 rectangle=   | Create a numbered rectangle.                                       |
| =first 2 ... first 4=  | The highlighted x interval in data coordinates.                    |
| =graph 0 ... graph 1=  | Extend from the plot鈥檚 bottom to its top.                          |
| =fillcolor; fillstyle= | Set the colour, then use a transparent solid fill at opacity 0.15. |
| =behind; noborder=     | Draw behind the curve and suppress the rectangle outline.          |

** PLT-12-014 Compare object layers behind and in front
:PROPERTIES:
:PLOT_ID: PLT-12-014
:CUSTOM_ID: PLT-12-014
:TOPIC: 12 路 Labels, arrows and shaded regions
:COMPARE_TO:
:END:

An opaque rectangle reveals which elements it covers. The separate front label stays readable in both panels.

#+name: plot-PLT-12-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-12-014.svg'
set label 999 'PLT-12-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set object 1 rect from 2,-1.2 to 4,1.2 behind \
    fc rgb "#F6A800" fs solid 1.0 noborder
set label 1 "behind" at graph 0.5,0.9 center front
plot sin(x) with lines lw 5 notitle
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set object 1 rect from 2,-1.2 to 4,1.2 front \
    fc rgb "#F6A800" fs solid 1.0 noborder
set label 1 "front" at graph 0.5,0.9 center front
plot sin(x) with lines lw 5 notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-12-014.svg]]

| Parameter           | Meaning                                  |
|---------------------+------------------------------------------|
| =object ... behind= | Draw the rectangle behind plot elements. |
| =object ... front=  | Draw it over the curves.                 |
| =label ... front=   | Place annotation text in the foreground. |

* 13 路 Space, proportions and margins
:PROPERTIES:
:CUSTOM_ID: PLT-13-000
:CHAPTER: 13
:END:

** PLT-13-001 Change the canvas shape
:PROPERTIES:
:PLOT_ID: PLT-13-001
:CUSTOM_ID: PLT-13-001
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-01-007
:END:

This example changes only the output dimensions. The same plot adapts to a square canvas.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-13-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 800,800 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-001.svg'
set label 999 'PLT-13-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-001.svg]]

| Parameter      | Meaning                                                                                |
|----------------+----------------------------------------------------------------------------------------|
| =size 800,800= | SVG canvas width and height in pixels; this is an output setting, not set size square. |

** PLT-13-002 Change the overall font size
:PROPERTIES:
:PLOT_ID: PLT-13-002
:CUSTOM_ID: PLT-13-002
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-01-007
:END:

A terminal font setting changes the default text size throughout the figure. Margins adapt automatically.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-13-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,28" background rgb "white"
set output 'figures/PLT-13-002.svg'
set label 999 'PLT-13-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-002.svg]]

| Parameter        | Meaning                                                                                           |
|------------------+---------------------------------------------------------------------------------------------------|
| =font "sans,28"= | Use the sans family with nominal size 28 instead of 20. Individual font settings can override it. |

** PLT-13-003 Make the plot region square
:PROPERTIES:
:PLOT_ID: PLT-13-003
:CUSTOM_ID: PLT-13-003
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-01-007
:END:

This changes the aspect ratio of the plotting region, not the SVG canvas.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-13-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-003.svg'
set label 999 'PLT-13-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set size square
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-003.svg]]

| Parameter     | Meaning                                                  |
|---------------+----------------------------------------------------------|
| =size square= | Use a square plot region within the existing 2:1 canvas. |

** PLT-13-004 Set an explicit plot aspect ratio
:PROPERTIES:
:PLOT_ID: PLT-13-004
:CUSTOM_ID: PLT-13-004
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-13-003
:END:

Use a shallow plotting region while keeping the SVG canvas unchanged. A positive ratio sets physical plot height divided by plot width.

Compare with [[#PLT-13-003][PLT-13-003]].

#+name: plot-PLT-13-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-004.svg'
set label 999 'PLT-13-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set size ratio 0.35
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-004.svg]]

| Parameter    | Meaning                                              |
|--------------+------------------------------------------------------|
| =ratio 0.35= | Make the plot region height 35 percent of its width. |

** PLT-13-005 Compare geometry on automatic axes
:PROPERTIES:
:PLOT_ID: PLT-13-005
:CUSTOM_ID: PLT-13-005
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO:
:END:

A circle written parametrically makes the distinction between aspect ratio and equal units visible.

#+name: plot-PLT-13-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-005.svg'
set label 999 'PLT-13-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set parametric
set trange [0:2*pi]
plot cos(t),sin(t) notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-005.svg]]

| Parameter         | Meaning                                               |
|-------------------+-------------------------------------------------------|
| =parametric=      | Interpret the next pair of expressions as x(t), y(t). |
| =trange [0:2*pi]= | The parameter t runs through one turn.                |
| =cos(t),sin(t)=   | Coordinates of a unit circle.                         |
| =notitle=         | Omit this curve from the legend.                      |

** PLT-13-006 Give x and y equal physical units
:PROPERTIES:
:PLOT_ID: PLT-13-006
:CUSTOM_ID: PLT-13-006
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-13-005
:END:

Equal units preserve the circle even when the canvas is wide.

Compare with [[#PLT-13-005][PLT-13-005]].

#+name: plot-PLT-13-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-006.svg'
set label 999 'PLT-13-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set parametric
set trange [0:2*pi]
set size ratio -1
plot cos(t),sin(t) notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-006.svg]]

| Parameter  | Meaning                                                                                                  |
|------------+----------------------------------------------------------------------------------------------------------|
| =ratio -1= | Use equal physical lengths for one x unit and one y unit; this is not an ordinary negative aspect ratio. |

** PLT-13-007 Reserve more left margin
:PROPERTIES:
:PLOT_ID: PLT-13-007
:CUSTOM_ID: PLT-13-007
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-01-007
:END:

Character-based margins allocate room for labels.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-13-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-007.svg'
set label 999 'PLT-13-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set lmargin 12
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-007.svg]]

| Parameter | Meaning                                                      |
|-----------+--------------------------------------------------------------|
| =lmargin= | Distance between the canvas鈥檚 left edge and the plot border. |
| =12=      | Margin in character widths.                                  |

** PLT-13-008 Reserve more bottom margin
:PROPERTIES:
:PLOT_ID: PLT-13-008
:CUSTOM_ID: PLT-13-008
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-01-007
:END:

The bottom margin gives long or rotated labels more room.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-13-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-008.svg'
set label 999 'PLT-13-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set bmargin 5
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-008.svg]]

| Parameter | Meaning                         |
|-----------+---------------------------------|
| =bmargin= | Distance below the plot border. |
| =5=       | Margin in character heights.    |

** PLT-13-009 Place the plot borders explicitly
:PROPERTIES:
:PLOT_ID: PLT-13-009
:CUSTOM_ID: PLT-13-009
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-01-007
:END:

Screen coordinates describe fractions of the entire canvas.

Compare with [[#PLT-01-007][PLT-01-007]].

#+name: plot-PLT-13-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-009.svg'
set label 999 'PLT-13-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set lmargin at screen 0.15
set rmargin at screen 0.90
set bmargin at screen 0.20
set tmargin at screen 0.85
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-009.svg]]

| Parameter    | Meaning                                                             |
|--------------+---------------------------------------------------------------------|
| =at screen=  | Position the border by a normalised canvas coordinate, from 0 to 1. |
| =0.15; 0.90= | Left and right border positions, measured from the left.            |
| =0.20; 0.85= | Bottom and top positions, measured from the bottom.                 |

** PLT-13-010 Reserve space above the plot
:PROPERTIES:
:PLOT_ID: PLT-13-010
:CUSTOM_ID: PLT-13-010
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO: PLT-13-009
:END:

Move the top plot boundary downward while retaining the other three boundaries. The empty strip above can hold a title or annotations.

Compare with [[#PLT-13-009][PLT-13-009]].

#+name: plot-PLT-13-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-010.svg'
set label 999 'PLT-13-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set lmargin at screen 0.15
set rmargin at screen 0.90
set bmargin at screen 0.20
set tmargin at screen 0.65
plot sin(x)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-010.svg]]

| Parameter                | Meaning                                                                            |
|--------------------------+------------------------------------------------------------------------------------|
| =tmargin at screen 0.65= | Place the top border at 65 percent of the canvas height, measured from the bottom. |

** PLT-13-011 Compare character margins with screen margins
:PROPERTIES:
:PLOT_ID: PLT-13-011
:CUSTOM_ID: PLT-13-011
:TOPIC: 13 路 Space, proportions and margins
:COMPARE_TO:
:END:

Ordinary margins reserve nominal character units for labels. Screen margins instead place the frame at exact canvas fractions. The canvas itself stays 1200 by 600 in both panels.

#+name: plot-PLT-13-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-13-011.svg'
set label 999 'PLT-13-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set lmargin 8
set rmargin 2
set bmargin 3
set tmargin 2
set title "Character margins"
plot sin(x) with lines lw 3 notitle
set lmargin at screen 0.58
set rmargin at screen 0.97
set bmargin at screen 0.15
set tmargin at screen 0.85
set title "Screen margins"
plot sin(x) with lines lw 3 notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-13-011.svg]]

| Parameter             | Meaning                                                                        |
|-----------------------+--------------------------------------------------------------------------------|
| =lmargin 8=           | Reserve eight nominal character widths from the current panel edge.            |
| =at screen 0.58=      | Place the left border at 58% of the entire canvas width.                       |
| =canvas versus frame= | Terminal size defines the canvas; margins determine the available plot region. |

* 14 路 Reusable styles, loops and command blocks
:PROPERTIES:
:CUSTOM_ID: PLT-14-000
:CHAPTER: 14
:END:

After choosing individual plot styles, collect them into reusable line styles, macros and parameterised command blocks. Finish with looped plots and a deliberate reset of persistent settings.

** PLT-14-001 Distinguish line types from user line styles
:PROPERTIES:
:PLOT_ID: PLT-14-001
:CUSTOM_ID: PLT-14-001
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO:
:END:

Line-type numbers and user line-style numbers are separate collections. Redefining linetype 1 changes its indexed defaults; defining style line 1 does not replace that linetype.

#+name: plot-PLT-14-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-001.svg'
set label 999 'PLT-14-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
unset key
unset xtics
set xrange [0:1]
set yrange [0.5:3.5]
set ytics ("lt 1" 3, "ls 1" 2, "ls 1, dt override" 1) \
    nomirror scale 0
set lmargin 24
set linetype 1 lc rgb "#CC071E" lw 3 dt 1
set style line 1 lc rgb "#00549F" lw 3 dt 2
plot 3 with lines lt 1, 2 with lines ls 1, \
    1 with lines ls 1 dt 4
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-001.svg]]

| Parameter | Meaning                                                               |
|-----------+-----------------------------------------------------------------------|
| =lt 1=    | Select the indexed linetype defaults.                                 |
| =ls 1=    | Select separately defined user style 1.                               |
| =dt 4=    | Override only the dash pattern.                                       |
| =reset=   | Clears user line styles; linetype definitions survive a normal reset. |

** PLT-14-002 Replace a style fragment with a macro
:PROPERTIES:
:PLOT_ID: PLT-14-002
:CUSTOM_ID: PLT-14-002
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO:
:END:

A macro inserts command tokens. The style string becomes part of the plot command before that line executes.

#+name: plot-PLT-14-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-002.svg'
set label 999 'PLT-14-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
STYLE = "lines linewidth 3 linecolor rgb '#00549F'"
set xrange [0:2*pi]
plot sin(x) with @STYLE notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-002.svg]]

| Parameter                            | Meaning                                                                                               |
|--------------------------------------+-------------------------------------------------------------------------------------------------------|
| =set macros=                         | Explicitly enable string-variable macro substitution; accepted in gnuplot 6.                          |
| =@STYLE=                             | Replace the token with the contents of the string variable STYLE.                                     |
| =Outer double / inner single quotes= | Keep the colour string quoted after expansion: linecolor rgb '#00549F'.                               |
| =Separate lines=                     | Define STYLE on an earlier line. Expansion happens before execution of the line that contains @STYLE. |

** PLT-14-003 Change the macro in one place
:PROPERTIES:
:PLOT_ID: PLT-14-003
:CUSTOM_ID: PLT-14-003
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-002
:END:

The plot command stays the same; changing the string changes the inserted style.

Compare with [[#PLT-14-002][PLT-14-002]].

#+name: plot-PLT-14-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-003.svg'
set label 999 'PLT-14-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
STYLE = "linespoints linewidth 2 pointtype 7 pointsize 0.6"
set xrange [0:2*pi]
set samples 25
plot sin(x) with @STYLE notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-003.svg]]

| Parameter         | Meaning                                                                           |
|-------------------+-----------------------------------------------------------------------------------|
| =linespoints ...= | Replace one style fragment with another; markers now appear on the curve.         |
| =samples 25=      | Reduce sampling so the markers stay distinct. This is a separate explicit change. |

** PLT-14-004 Reuse one style for two curves
:PROPERTIES:
:PLOT_ID: PLT-14-004
:CUSTOM_ID: PLT-14-004
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-002
:END:

A single definition controls both occurrences. This deliberately gives both curves the same appearance.

Compare with [[#PLT-14-002][PLT-14-002]].

#+name: plot-PLT-14-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-004.svg'
set label 999 'PLT-14-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
STYLE = "lines linewidth 3 linecolor rgb '#00549F'"
set xrange [0:2*pi]
plot sin(x) with @STYLE title "sin", \
     cos(x) with @STYLE title "cos"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-004.svg]]

| Parameter                | Meaning                                                                 |
|--------------------------+-------------------------------------------------------------------------|
| =Two @STYLE occurrences= | Both expand to the same token sequence; edit STYLE once to change both. |

** PLT-14-005 Define and reuse a numbered line style
:PROPERTIES:
:PLOT_ID: PLT-14-005
:CUSTOM_ID: PLT-14-005
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-004
:END:

A native line style stores line and point properties under one number. It provides reusable styling without constructing macro text.

Compare with [[#PLT-14-004][PLT-14-004]].

#+name: plot-PLT-14-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-005.svg'
set label 999 'PLT-14-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set samples 25
set style line 1 lc rgb "#00549F" lw 3 dt 2 pt 7 ps 1.2
plot sin(x) with linespoints ls 1 title "Sine", \
    cos(x) with linespoints ls 1 title "Cosine"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-005.svg]]

| Parameter          | Meaning                                                          |
|--------------------+------------------------------------------------------------------|
| =set style line 1= | Define the properties of user line style 1.                      |
| =ls 1=             | Apply that stored style to a plot element.                       |
| =lw; dt; pt; ps=   | Store width, dash pattern, point symbol and point size together. |

** PLT-14-006 Override one property of a reusable style
:PROPERTIES:
:PLOT_ID: PLT-14-006
:CUSTOM_ID: PLT-14-006
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-005
:END:

Place explicit overrides after the style reference. The second curve keeps the stored dash and point properties but gets a different colour.

Compare with [[#PLT-14-005][PLT-14-005]].

#+name: plot-PLT-14-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-006.svg'
set label 999 'PLT-14-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set samples 25
set style line 1 lc rgb "#00549F" lw 3 dt 2 pt 7 ps 1.2
plot sin(x) with linespoints ls 1 title "Stored style", \
    cos(x) with linespoints ls 1 lc rgb "#CC071E" \
    title "Colour override"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-006.svg]]

| Parameter                 | Meaning                                                   |
|---------------------------+-----------------------------------------------------------|
| =ls 1 lc rgb ...=         | Load the style, then replace its colour for this element. |
| =style remains unchanged= | The override does not modify style 1 for later plots.     |

** PLT-14-007 Share geometry but vary colour
:PROPERTIES:
:PLOT_ID: PLT-14-007
:CUSTOM_ID: PLT-14-007
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-004
:END:

Keep repeated line settings in the macro and place series-specific colours outside it.

Compare with [[#PLT-14-004][PLT-14-004]].

#+name: plot-PLT-14-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-007.svg'
set label 999 'PLT-14-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
STYLE = "lines linewidth 3"
set xrange [0:2*pi]
plot sin(x) with @STYLE linecolor rgb "#00549F" title "sin", \
     cos(x) with @STYLE linecolor rgb "#F6A800" title "cos"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-007.svg]]

| Parameter              | Meaning                                                                                                        |
|------------------------+----------------------------------------------------------------------------------------------------------------|
| =@STYLE linecolor ...= | Expanded tokens and ordinary command tokens form one command. Put only genuinely shared settings in the macro. |

** PLT-14-008 Put a range into a macro
:PROPERTIES:
:PLOT_ID: PLT-14-008
:CUSTOM_ID: PLT-14-008
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-002
:END:

Macros can supply syntax such as brackets, not just a numeric value.

Compare with [[#PLT-14-002][PLT-14-002]].

#+name: plot-PLT-14-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-008.svg'
set label 999 'PLT-14-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
XRANGE = "[0:2*pi]"
STYLE = "lines linewidth 3"
set xrange @XRANGE
plot sin(x) with @STYLE notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-008.svg]]

| Parameter             | Meaning                                                  |
|-----------------------+----------------------------------------------------------|
| =XRANGE = "[0:2*pi]"= | The string includes the complete bracketed range syntax. |
| =set xrange @XRANGE=  | After expansion, gnuplot reads set xrange [0:2*pi].      |

** PLT-14-009 Bundle several setup commands
:PROPERTIES:
:PLOT_ID: PLT-14-009
:CUSTOM_ID: PLT-14-009
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO:
:END:

A macro can expand to complete commands separated by semicolons. Keep the definition on an earlier line.

#+name: plot-PLT-14-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-009.svg'
set label 999 'PLT-14-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
AXES = "set border 3; set tics nomirror; set grid ytics"
@AXES
set xrange [0:2*pi]
plot sin(x) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-009.svg]]

| Parameter               | Meaning                                                                              |
|-------------------------+--------------------------------------------------------------------------------------|
| =Semicolons in AXES=    | Store three commands in one string.                                                  |
| =@AXES on its own line= | Expand and execute the setup commands: left/bottom border, unmirrored ticks, y grid. |
| =Quoting boundary=      | @AXES is outside quotes when invoked; the string that defines it remains quoted.     |

** PLT-14-010 Build a macro with string concatenation
:PROPERTIES:
:PLOT_ID: PLT-14-010
:CUSTOM_ID: PLT-14-010
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-002
:END:

The dot operator joins strings. It allows a small reusable base plus one selected colour.

Compare with [[#PLT-14-002][PLT-14-002]].

#+name: plot-PLT-14-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-010.svg'
set label 999 'PLT-14-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
BASE = "lines linewidth 3"
COLOUR = "#57AB27"
STYLE = BASE . " linecolor rgb '" . COLOUR . "'"
set xrange [0:2*pi]
plot sin(x) with @STYLE notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-010.svg]]

| Parameter                | Meaning                                                            |
|--------------------------+--------------------------------------------------------------------|
| =String operator .=      | Concatenate text; this is not multiplication.                      |
| =Inserted single quotes= | The resulting text is lines linewidth 3 linecolor rgb '#57AB27'.   |
| =STYLE before @STYLE=    | The entire string must exist before the invocation line is parsed. |

** PLT-14-011 Format a numeric macro parameter
:PROPERTIES:
:PLOT_ID: PLT-14-011
:CUSTOM_ID: PLT-14-011
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-002
:END:

sprintf turns a number into command text. Ordinary numeric variables would also work here; this illustrates text construction.

Compare with [[#PLT-14-002][PLT-14-002]].

#+name: plot-PLT-14-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-011.svg'
set label 999 'PLT-14-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
W = 5
STYLE = sprintf("lines linewidth %g",W)
set xrange [0:2*pi]
plot sin(x) with @STYLE notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-011.svg]]

| Parameter            | Meaning                                                                          |
|----------------------+----------------------------------------------------------------------------------|
| =sprintf("...%g",W)= | Substitute the number into a formatted string; %g uses compact numeric notation. |
| =Resulting STYLE=    | The string becomes lines linewidth 5 before it is expanded.                      |

** PLT-14-012 See where a macro does not expand
:PROPERTIES:
:PLOT_ID: PLT-14-012
:CUSTOM_ID: PLT-14-012
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO:
:END:

Macro names inside quoted strings remain literal text. The plot title visibly demonstrates the boundary.

#+name: plot-PLT-14-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-012.svg'
set label 999 'PLT-14-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
NAME = "A readable title"
set title "@NAME" noenhanced
set xrange [0:2*pi]
plot sin(x) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-012.svg]]

| Parameter    | Meaning                                                                         |
|--------------+---------------------------------------------------------------------------------|
| ="@NAME"=    | Quoted text is not macro-expanded; the title is literally @NAME.                |
| =noenhanced= | Treat @ as an ordinary character instead of an enhanced-text control character. |

** PLT-14-013 Pass the title variable correctly
:PROPERTIES:
:PLOT_ID: PLT-14-013
:CUSTOM_ID: PLT-14-013
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-012
:END:

Use the value directly when the command already expects a string.

Compare with [[#PLT-14-012][PLT-14-012]].

#+name: plot-PLT-14-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-013.svg'
set label 999 'PLT-14-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
NAME = "A readable title"
set title NAME noenhanced
set xrange [0:2*pi]
plot sin(x) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-013.svg]]

| Parameter        | Meaning                                                                                    |
|------------------+--------------------------------------------------------------------------------------------|
| =set title NAME= | The displayed title is A readable title. A string expression is the natural solution here. |

** PLT-14-014 Execute constructed text with eval
:PROPERTIES:
:PLOT_ID: PLT-14-014
:CUSTOM_ID: PLT-14-014
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-008
:END:

eval explicitly executes a command string. It is useful when you are constructing an entire command.

Compare with [[#PLT-14-008][PLT-14-008]].

#+name: plot-PLT-14-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-014.svg'
set label 999 'PLT-14-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
LOW = 0
HIGH = 2*pi
CMD = sprintf("set xrange [%g:%g]",LOW,HIGH)
eval CMD
plot sin(x) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-014.svg]]

| Parameter           | Meaning                                                                                      |
|---------------------+----------------------------------------------------------------------------------------------|
| =CMD=               | A string containing one complete set xrange command.                                         |
| =eval CMD=          | Parse and execute the string value as gnuplot commands.                                      |
| =Macro versus eval= | @NAME substitutes text while a line is parsed; eval executes a string when the command runs. |

** PLT-14-015 Combine a plot loop with a style macro
:PROPERTIES:
:PLOT_ID: PLT-14-015
:CUSTOM_ID: PLT-14-015
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-002
:END:

Keep the macro fixed, and let the loop variable control the numeric function and colour. The visible string lists three RWTH colour values; word selects one for each curve.

Compare with [[#PLT-14-002][PLT-14-002]].

#+name: plot-PLT-14-015
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-015.svg'
set label 999 'PLT-14-015' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
STYLE = "lines linewidth 2"
COLOURS = "#00549F #57AB27 #F6A800"
set xrange [0:2*pi]
set yrange [-1.1:1.1]
plot for [k=1:3] sin(k*x) with @STYLE \
     linecolor rgb word(COLOURS,k) title sprintf("k = %d",k)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-015.svg]]

| Parameter               | Meaning                                                                             |
|-------------------------+-------------------------------------------------------------------------------------|
| =STYLE before the loop= | The macro text is available when the plot line is parsed.                           |
| =k in sin(k*x)=         | The loop variable changes the evaluated frequency for each series.                  |
| =word(COLOURS,k)= | Select the kth hexadecimal RWTH colour from the space-separated string. |
| =linecolor rgb= | Interpret the selected string as an RGB colour. |
| =sprintf("k = %d",k)= | Print the loop index as an integer in the legend. |

** PLT-14-016 Build macro text with a function parameter
:PROPERTIES:
:PLOT_ID: PLT-14-016
:CUSTOM_ID: PLT-14-016
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-004
:END:

A string-valued function accepts the width parameter and returns a style fragment. Call it twice to give the curves different widths. The @ macros themselves take no arguments: store each function result in a string variable before expanding it. Keep assignments on earlier lines because macro expansion happens before a line executes.

Compare with [[#PLT-14-004][PLT-14-004]].

#+name: plot-PLT-14-016
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-016.svg'
set label 999 'PLT-14-016' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set macros
line_style(width) = sprintf( \
    "lines lw %g lc rgb '#00549F'", width)
THIN = line_style(1)
THICK = line_style(5)
set xrange [0:2*pi]
plot sin(x) with @THIN title "sin: width 1", \
     cos(x) with @THICK title "cos: width 5"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-016.svg]]

| Parameter                      | Meaning                                                                                |
|--------------------------------+----------------------------------------------------------------------------------------|
| =line_style(width)=            | Define a function that accepts one argument and returns a string.                      |
| =sprintf("...%g...", width)=   | Insert the argument into the style text; lw and lc abbreviate linewidth and linecolor. |
| =line_style(1); line_style(5)= | Generate two style strings from the same function, with widths 1 and 5.                |
| =@THIN; @THICK=                | Expand the stored strings. Calling @line_style(3) directly is not supported.           |

** PLT-14-017 Pass parameters to a reusable command block
:PROPERTIES:
:PLOT_ID: PLT-14-017
:CUSTOM_ID: PLT-14-017
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO: PLT-14-016
:END:

Call accepts arguments for a reusable script or command datablock. Numeric arguments keep their types in ARGV; ARG1 and ARG2 provide string representations. Unlike an @ macro, the called block executes commands.

Compare with [[#PLT-14-016][PLT-14-016]].

#+name: plot-PLT-14-017
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-017.svg'
set label 999 'PLT-14-017' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$Setup << ENDSETUP
set style line 1 lw ARGV[1] lc rgb ARG2
ENDSETUP
call $Setup 4 "#00549F"
set xrange [0:2*pi]
plot sin(x) with lines ls 1 title "Width supplied to call"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-017.svg]]

| Parameter                 | Meaning                                                |
|---------------------------+--------------------------------------------------------|
| =call $Setup 4 "#00549F"= | Execute the command block with two arguments.          |
| =ARGV[1]=                 | Use the first argument as its original numeric value.  |
| =ARG2=                    | Use the second argument as a string colour name.       |
| =call "setup.gp" ...=     | The same mechanism can call commands stored in a file. |

** PLT-14-018 Reset plot settings within a session
:PROPERTIES:
:PLOT_ID: PLT-14-018
:CUSTOM_ID: PLT-14-018
:TOPIC: 14 路 Reusable styles, loops and command blocks
:COMPARE_TO:
:END:

Reset clears most plot settings and user line styles. Variables and functions, terminal/output selection, and redefined linetypes survive a normal reset. The reserved tour identifier is restored after its label is cleared.

#+name: plot-PLT-14-018
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-14-018.svg'
set label 999 'PLT-14-018' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
amplitude = 0.8
f(x) = amplitude*sin(x)
set linetype 1 lc rgb "#00549F" lw 3
set grid
set xrange [0:2*pi]
set style line 1 lc rgb "#CC071E" dt 2
reset
set encoding utf8
set label 999 'PLT-14-018' at screen 0.985,0.975 \
    right front font ',12' textcolor rgb '#646567'
set xrange [0:2*pi]
plot f(x) with lines lt 1 title "Function survives reset"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-14-018.svg]]

| Parameter          | Meaning                                                         |
|--------------------+-----------------------------------------------------------------|
| =reset=            | Restore most plot defaults, remove labels and user line styles. |
| =amplitude; f(x)=  | Ordinary variables and functions remain available.              |
| =set linetype=     | Its redefined defaults persist through a normal reset.          |
| =terminal; output= | Retain their current selections.                                |

* 15 路 Statistics before plotting
:PROPERTIES:
:CUSTOM_ID: PLT-15-000
:CHAPTER: 15
:END:

Compute summaries from the same data coordinates that you plot. These ten
steps develop the ideas in the official stats demonstration with an original
inline fixture. Start with a mean and extrema, distinguish row indices from x
positions, then transform x and draw a linear trend. Each step contains its own
data and starts a fresh gnuplot process. Calculate statistics before fixing plot
ranges: stats can otherwise exclude observations outside those ranges.

References: [[https://gnuplot.sourceforge.net/demo_6.1/stats.html][Official stats demonstration]]
and [[https://www.gnuplot.info/docs_6.0/loc18963.html][stats command reference]].

** PLT-15-001 Plot measurements by record number
:PROPERTIES:
:PLOT_ID: PLT-15-001
:CUSTOM_ID: PLT-15-001
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO:
:END:

Begin with eight measurements at unevenly spaced positions. Plot the second column against pseudo-column 0, the zero-based row number. The first column is deliberately unused in this first view. Later steps repeat these data in the complete Bash block.

#+name: plot-PLT-15-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-001.svg'
set label 999 'PLT-15-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 5
2 3
4 6
7 10
11 7
16 12
22 9
29 14
EOD
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "Record number (zero-based)"
set yrange [0:17]
set xrange [-0.4:7.4]
set xtics 1
plot $D using 0:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-001.svg]]

| Parameter   | Meaning                                                                          |
|-------------+----------------------------------------------------------------------------------|
| =using 0:2= | Use the row number as x and the second column as y.                              |
| =$D=        | An inline datablock keeps these eight synthetic observations inside the example. |

** PLT-15-002 Calculate and draw the mean
:PROPERTIES:
:PLOT_ID: PLT-15-002
:CUSTOM_ID: PLT-15-002
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-001
:END:

Add one-column statistics before plotting. The named variables describe column 2: eight records with mean 8.25. Draw that mean as a constant function; nooutput suppresses the default statistics report.

Compare with [[#PLT-15-001][PLT-15-001]].

#+name: plot-PLT-15-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-002.svg'
set label 999 'PLT-15-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 10
11 7
16 12
22 9
29 14
EOD
# BEGIN EXAMPLE
stats $D using 2 name "A" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "Record number (zero-based)"
set yrange [0:17]
set xrange [-0.4:7.4]
set xtics 1
plot $D using 0:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     A_mean with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",A_mean)
print A_records,A_mean,A_min,A_max, \
      A_index_min,A_index_max
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-002.svg]]

| Parameter                            | Meaning                                                      |
|--------------------------------------+--------------------------------------------------------------|
| =stats $D using 2 name "A" nooutput= | Calculate one-column statistics with the A_ variable prefix. |
| =A_records; A_mean=                  | The observation count and arithmetic mean.                   |
| =A_mean with lines=                  | A constant expression draws a horizontal reference line.     |

** PLT-15-003 Locate the minimum by its record index
:PROPERTIES:
:PLOT_ID: PLT-15-003
:CUSTOM_ID: PLT-15-003
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-002
:END:

Add an arrow and a value label at the lowest observation. A_index_min is 1 because the minimum is the second record. It matches pseudo-column 0 in the plotted data; it is not the first-column position 2.

Compare with [[#PLT-15-002][PLT-15-002]].

#+name: plot-PLT-15-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-003.svg'
set label 999 'PLT-15-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 10
11 7
16 12
22 9
29 14
EOD
# BEGIN EXAMPLE
stats $D using 2 name "A" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "Record number (zero-based)"
set yrange [0:17]
set xrange [-0.4:7.4]
set xtics 1
set arrow 1 from first A_index_min, graph 0.12 \
    to first A_index_min, first A_min filled head \
    lw 2 lc rgb "#CC071E"
set label 1 sprintf("min=%.0f",A_min) \
    at first A_index_min, graph 0.06 center tc rgb "#CC071E"
plot $D using 0:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     A_mean with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",A_mean)
print A_records,A_mean,A_min,A_max, \
      A_index_min,A_index_max
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-003.svg]]

| Parameter              | Meaning                                                                |
|------------------------+------------------------------------------------------------------------|
| =A_index_min; A_min=   | Zero-based record index of the minimum, and its y value 3.             |
| =first ..., graph ...= | Mix data coordinates for x with a fraction of the plotting area for y. |
| =filled head=          | Give the annotation arrow a solid arrowhead.                           |

** PLT-15-004 Locate the maximum as well
:PROPERTIES:
:PLOT_ID: PLT-15-004
:CUSTOM_ID: PLT-15-004
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-003
:END:

Keep the minimum annotation and add the maximum independently. The largest observation is 14 at record index 7. Separate arrow and label numbers let both annotations coexist.

Compare with [[#PLT-15-003][PLT-15-003]].

#+name: plot-PLT-15-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-004.svg'
set label 999 'PLT-15-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 10
11 7
16 12
22 9
29 14
EOD
# BEGIN EXAMPLE
stats $D using 2 name "A" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "Record number (zero-based)"
set yrange [0:17]
set xrange [-0.4:7.4]
set xtics 1
set arrow 1 from first A_index_min, graph 0.12 \
    to first A_index_min, first A_min filled head \
    lw 2 lc rgb "#CC071E"
set label 1 sprintf("min=%.0f",A_min) \
    at first A_index_min, graph 0.06 center tc rgb "#CC071E"
set arrow 2 from first A_index_max, graph 0.92 \
    to first A_index_max, first A_max filled head \
    lw 2 lc rgb "#57AB27"
set label 2 sprintf("max=%.0f",A_max) \
    at first A_index_max, graph 0.96 center tc rgb "#57AB27"
plot $D using 0:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     A_mean with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",A_mean)
print A_records,A_mean,A_min,A_max, \
      A_index_min,A_index_max
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-004.svg]]

| Parameter            | Meaning                                                                |
|----------------------+------------------------------------------------------------------------|
| =A_index_max; A_max= | Zero-based record index 7 and maximum measurement 14.                  |
| =arrow 2; label 2=   | A second numbered annotation leaves the minimum annotation intact.     |
| =graph 0.92=         | Start near the top of the plotting area, independently of the y scale. |

** PLT-15-005 Use the actual x positions
:PROPERTIES:
:PLOT_ID: PLT-15-005
:CUSTOM_ID: PLT-15-005
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-004
:END:

Switch from record numbers to the first-column positions. Analyze both columns together and use B_pos_min_y and B_pos_max_y for the annotation coordinates. The minimum now sits at x=2 and the maximum at x=29; their row indices would put the arrows in the wrong places.

Compare with [[#PLT-15-004][PLT-15-004]].

#+name: plot-PLT-15-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-005.svg'
set label 999 'PLT-15-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 10
11 7
16 12
22 9
29 14
EOD
# BEGIN EXAMPLE
stats $D using 1:2 name "B" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "Position"
set yrange [0:17]
set xrange [0:31]
set arrow 1 from first B_pos_min_y, graph 0.12 \
    to first B_pos_min_y, first B_min_y filled head \
    lw 2 lc rgb "#CC071E"
set label 1 sprintf("min=%.0f",B_min_y) \
    at first B_pos_min_y, graph 0.06 center tc rgb "#CC071E"
set arrow 2 from first B_pos_max_y, graph 0.92 \
    to first B_pos_max_y, first B_max_y filled head \
    lw 2 lc rgb "#57AB27"
set label 2 sprintf("max=%.0f",B_max_y) \
    at first B_pos_max_y, graph 0.96 center tc rgb "#57AB27"
plot $D using 1:2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     B_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",B_mean_y)
print B_records,B_mean_y,B_min_y,B_max_y, \
      B_pos_min_y,B_pos_max_y
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-005.svg]]

| Parameter                              | Meaning                                                               |
|----------------------------------------+-----------------------------------------------------------------------|
| =stats $D using 1:2 name "B" nooutput= | Analyze the same x and y coordinates that will be plotted.            |
| =B_mean_y=                             | Two-column statistics add _x and _y suffixes to column summaries.     |
| =B_pos_min_y; B_pos_max_y=             | Actual x coordinates associated with the lowest and highest y values. |

** PLT-15-006 Transform x consistently for statistics and plotting
:PROPERTIES:
:PLOT_ID: PLT-15-006
:CUSTOM_ID: PLT-15-006
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-005
:END:

Define f(x)=log(1+x) and apply it to column 1 in both commands. The extrema remain y=3 and y=14, but their x coordinates become log(3) and log(30). This changes the coordinate values themselves; the displayed x axis stays linear.

Compare with [[#PLT-15-005][PLT-15-005]].

#+name: plot-PLT-15-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-006.svg'
set label 999 'PLT-15-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 10
11 7
16 12
22 9
29 14
EOD
# BEGIN EXAMPLE
f(x) = log(1+x)
stats $D using (f($1)):2 name "C" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "log(1 + position)"
set yrange [0:17]
set xrange [0.4:3.6]
set arrow 1 from first C_pos_min_y, graph 0.12 \
    to first C_pos_min_y, first C_min_y filled head \
    lw 2 lc rgb "#CC071E"
set label 1 sprintf("min=%.0f",C_min_y) \
    at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"
set arrow 2 from first C_pos_max_y, graph 0.92 \
    to first C_pos_max_y, first C_max_y filled head \
    lw 2 lc rgb "#57AB27"
set label 2 sprintf("max=%.0f",C_max_y) \
    at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"
plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",C_mean_y)
print C_records,C_mean_y,C_min_y,C_max_y, \
      C_pos_min_y,C_pos_max_y
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-006.svg]]

| Parameter                  | Meaning                                                            |
|----------------------------+--------------------------------------------------------------------|
| =f(x) = log(1+x)=          | Natural logarithm of a shifted, positive position.                 |
| =using (f($1)):2=          | Use the same transformed x expression for statistics and the plot. |
| =C_pos_min_y; C_pos_max_y= | Extremum positions in the transformed coordinate system.           |

** PLT-15-007 Draw the linear trend from two-column statistics
:PROPERTIES:
:PLOT_ID: PLT-15-007
:CUSTOM_ID: PLT-15-007
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-006
:END:

Add the least-squares line already summarized by the two-column stats command. Its slope and intercept describe measurement versus log(1+position). Changing back to the original position coordinates would require recomputing the statistics.

Compare with [[#PLT-15-006][PLT-15-006]].

#+name: plot-PLT-15-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-007.svg'
set label 999 'PLT-15-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 10
11 7
16 12
22 9
29 14
EOD
# BEGIN EXAMPLE
f(x) = log(1+x)
stats $D using (f($1)):2 name "C" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "log(1 + position)"
set yrange [0:17]
set xrange [0.4:3.6]
set arrow 1 from first C_pos_min_y, graph 0.12 \
    to first C_pos_min_y, first C_min_y filled head \
    lw 2 lc rgb "#CC071E"
set label 1 sprintf("min=%.0f",C_min_y) \
    at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"
set arrow 2 from first C_pos_max_y, graph 0.92 \
    to first C_pos_max_y, first C_max_y filled head \
    lw 2 lc rgb "#57AB27"
set label 2 sprintf("max=%.0f",C_max_y) \
    at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"
trend(x) = C_slope*x + C_intercept
plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",C_mean_y), \
     trend(x) with lines lw 2 lc rgb "#7A6FAC" title "Linear trend"
print C_records,C_mean_y,C_min_y,C_max_y, \
      C_pos_min_y,C_pos_max_y
print C_slope,C_intercept,C_correlation
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-007.svg]]

| Parameter                            | Meaning                                                            |
|--------------------------------------+--------------------------------------------------------------------|
| =C_slope; C_intercept=               | Coefficients of the straight line for the analyzed x and y values. |
| =trend(x) = C_slope*x + C_intercept= | Define the line from those two coefficients.                       |
| =trend(x) with lines=                | Overlay the trend without a separate nonlinear fit command.        |

** PLT-15-008 Show the computed summary beside the plot
:PROPERTIES:
:PLOT_ID: PLT-15-008
:CUSTOM_ID: PLT-15-008
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-007
:END:

Finish with a compact annotation showing the record count, correlation and trend equation. sprintf formats the computed values rather than hard-coding them. Correlation describes the association in the transformed coordinates; these synthetic data do not establish a causal relationship.

Compare with [[#PLT-15-007][PLT-15-007]].

#+name: plot-PLT-15-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-008.svg'
set label 999 'PLT-15-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 10
11 7
16 12
22 9
29 14
EOD
# BEGIN EXAMPLE
f(x) = log(1+x)
stats $D using (f($1)):2 name "C" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "log(1 + position)"
set yrange [0:17]
set xrange [0.4:3.6]
set arrow 1 from first C_pos_min_y, graph 0.12 \
    to first C_pos_min_y, first C_min_y filled head \
    lw 2 lc rgb "#CC071E"
set label 1 sprintf("min=%.0f",C_min_y) \
    at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"
set arrow 2 from first C_pos_max_y, graph 0.92 \
    to first C_pos_max_y, first C_max_y filled head \
    lw 2 lc rgb "#57AB27"
set label 2 sprintf("max=%.0f",C_max_y) \
    at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"
trend(x) = C_slope*x + C_intercept
set label 3 sprintf("n=%d | r=%.3f\ny=%.3f x + %.3f", \
    C_records,C_correlation,C_slope,C_intercept) \
    at graph 0.98,0.12 right front font ",16"
plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",C_mean_y), \
     trend(x) with lines lw 2 lc rgb "#7A6FAC" title "Linear trend"
print C_records,C_mean_y,C_min_y,C_max_y, \
      C_pos_min_y,C_pos_max_y
print C_slope,C_intercept,C_correlation
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-008.svg]]

| Parameter                  | Meaning                                                                 |
|----------------------------+-------------------------------------------------------------------------|
| =C_correlation=            | Correlation between the analyzed transformed x values and y values.     |
| =sprintf("...", ...)=      | Insert the computed values with controlled decimal precision.           |
| =at graph 0.98,0.12 right= | Place the summary inside the plotting area near the lower-right corner. |

** PLT-15-009 Move the maximum by changing only the data
:PROPERTIES:
:PLOT_ID: PLT-15-009
:CUSTOM_ID: PLT-15-009
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-008
:END:

Change just the input row from 7 10 to 7 16. The maximum moves from measurement 14 at position 29 to measurement 16 at position 7. All statistics, arrows and labels are recalculated from the data; no annotation coordinates are edited. Expand the complete Bash block to see the changed row.

Compare with [[#PLT-15-008][PLT-15-008]].

#+name: plot-PLT-15-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-009.svg'
set label 999 'PLT-15-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 16
11 7
16 12
22 9
29 14
EOD
# BEGIN EXAMPLE
# Change only the data row: 7 10 -> 7 16.
f(x) = log(1+x)
stats $D using (f($1)):2 name "C" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "log(1 + position)"
set yrange [0:17]
set xrange [0.4:3.6]
set arrow 1 from first C_pos_min_y, graph 0.12 \
    to first C_pos_min_y, first C_min_y filled head \
    lw 2 lc rgb "#CC071E"
set label 1 sprintf("min=%.0f",C_min_y) \
    at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"
set arrow 2 from first C_pos_max_y, graph 0.92 \
    to first C_pos_max_y, first C_max_y filled head \
    lw 2 lc rgb "#57AB27"
set label 2 sprintf("max=%.0f",C_max_y) \
    at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"
trend(x) = C_slope*x + C_intercept
set label 3 sprintf("n=%d | r=%.3f\ny=%.3f x + %.3f", \
    C_records,C_correlation,C_slope,C_intercept) \
    at graph 0.98,0.12 right front font ",16"
plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",C_mean_y), \
     trend(x) with lines lw 2 lc rgb "#7A6FAC" title "Linear trend"
print C_records,C_mean_y,C_min_y,C_max_y, \
      C_pos_min_y,C_pos_max_y
print C_slope,C_intercept,C_correlation
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-009.svg]]

| Parameter                  | Meaning                                                     |
|----------------------------+-------------------------------------------------------------|
| =7 10 -> 7 16=             | Only this input row changes from the comparison example.    |
| =stats $D using (f($1)):2= | Recompute summaries from the actual plotted coordinates.    |
| =C_pos_min_y; C_pos_max_y= | Find the x positions of the new extrema automatically.      |
| =C_min_y; C_max_y=         | Both arrow endpoints and label values come from statistics. |

** PLT-15-010 Move the minimum without editing annotations
:PROPERTIES:
:PLOT_ID: PLT-15-010
:CUSTOM_ID: PLT-15-010
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-009
:END:

Keep the new maximum and change just the input row from 22 9 to 22 1. The minimum now moves from measurement 3 at position 2 to measurement 1 at position 22. The same stats command finds both extrema and their transformed x positions automatically. The mean, trend and summary update too.

Compare with [[#PLT-15-009][PLT-15-009]].

#+name: plot-PLT-15-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-010.svg'
set label 999 'PLT-15-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$D << EOD
1 5
2 3
4 6
7 16
11 7
16 12
22 1
29 14
EOD
# BEGIN EXAMPLE
# Change only the data row: 22 9 -> 22 1.
f(x) = log(1+x)
stats $D using (f($1)):2 name "C" nooutput
set grid ytics
set key left top
set ylabel "Measurement"
set xlabel "log(1 + position)"
set yrange [0:17]
set xrange [0.4:3.6]
set arrow 1 from first C_pos_min_y, graph 0.12 \
    to first C_pos_min_y, first C_min_y filled head \
    lw 2 lc rgb "#CC071E"
set label 1 sprintf("min=%.0f",C_min_y) \
    at first C_pos_min_y, graph 0.06 center tc rgb "#CC071E"
set arrow 2 from first C_pos_max_y, graph 0.92 \
    to first C_pos_max_y, first C_max_y filled head \
    lw 2 lc rgb "#57AB27"
set label 2 sprintf("max=%.0f",C_max_y) \
    at first C_pos_max_y, graph 0.96 center tc rgb "#57AB27"
trend(x) = C_slope*x + C_intercept
set label 3 sprintf("n=%d | r=%.3f\ny=%.3f x + %.3f", \
    C_records,C_correlation,C_slope,C_intercept) \
    at graph 0.98,0.12 right front font ",16"
plot $D using (f($1)):2 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Measurements", \
     C_mean_y with lines dt 2 lw 2 lc rgb "#F6A800" title sprintf("Mean = %.2f",C_mean_y), \
     trend(x) with lines lw 2 lc rgb "#7A6FAC" title "Linear trend"
print C_records,C_mean_y,C_min_y,C_max_y, \
      C_pos_min_y,C_pos_max_y
print C_slope,C_intercept,C_correlation
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-010.svg]]

| Parameter                  | Meaning                                                     |
|----------------------------+-------------------------------------------------------------|
| =22 9 -> 22 1=             | Only this input row changes from the comparison example.    |
| =stats $D using (f($1)):2= | Recompute summaries from the actual plotted coordinates.    |
| =C_pos_min_y; C_pos_max_y= | Find the x positions of the new extrema automatically.      |
| =C_min_y; C_max_y=         | Both arrow endpoints and label values come from statistics. |

** PLT-15-011 Begin with observations for an exponential fit
:PROPERTIES:
:PLOT_ID: PLT-15-011
:CUSTOM_ID: PLT-15-011
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO:
:END:

Nine original measurements suggest a rapid decline towards a nonzero floor. Inspect the observations before choosing a model; every later step repeats this fixture in the complete Bash script.

#+name: plot-PLT-15-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-011.svg'
set label 999 'PLT-15-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$Decay << EOD
0 8.12
0.75 5.84
1.5 4.72
2.25 3.70
3 3.19
3.75 2.69
4.5 2.56
5.25 2.26
6 2.30
EOD
set xrange [0:6]
set yrange [1.5:8.8]
set xlabel "Time (hours)"
set ylabel "Concentration (arbitrary units)"
set grid ytics
set key top right
plot $Decay using 1:2 with points pt 7 ps 1.4 lc rgb "#00549F" title "Observed"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-011.svg]]

| Parameter   | Meaning                                                       |
|-------------+---------------------------------------------------------------|
| =$Decay=    | An inline two-column table of elapsed time and concentration. |
| =using 1:2= | Read elapsed time and the measured response.                  |

** PLT-15-012 Overlay an initial decay model
:PROPERTIES:
:PLOT_ID: PLT-15-012
:CUSTOM_ID: PLT-15-012
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-011
:END:

Add an exponential decay with an offset. The orange curve uses deliberately imperfect starting values; these are parameters to estimate, not measured facts.

Compare with [[#PLT-15-011][PLT-15-011]].

#+name: plot-PLT-15-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-012.svg'
set label 999 'PLT-15-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Decay << EOD
0 8.12
0.75 5.84
1.5 4.72
2.25 3.70
3 3.19
3.75 2.69
4.5 2.56
5.25 2.26
6 2.30
EOD
# BEGIN EXAMPLE
set xrange [0:6]
set yrange [1.5:8.8]
set xlabel "Time (hours)"
set ylabel "Concentration (arbitrary units)"
set grid ytics
set key top right
a=4; b=0.4; c=1
f(x)=a*exp(-b*x)+c
plot $Decay using 1:2 with points pt 7 ps 1.4 lc rgb "#00549F" title "Observed", \
     f(x) with lines lw 3 lc rgb "#F6A800" title "Decay model"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-012.svg]]

| Parameter         | Meaning                                                    |
|-------------------+------------------------------------------------------------|
| =a*exp(-b*x)+c=   | Amplitude a, positive decay rate b and asymptotic floor c. |
| =a=4; b=0.4; c=1= | Starting guesses; sensible scales help convergence.        |

** PLT-15-013 Let fit estimate the decay parameters
:PROPERTIES:
:PLOT_ID: PLT-15-013
:CUSTOM_ID: PLT-15-013
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-012
:END:

Fit the same model to the observations with equal weights. gnuplot replaces a, b and c with least-squares estimates. Iterations are bounded, and the example reports whether optimisation converged. Convergence alone does not establish model suitability.

Compare with [[#PLT-15-012][PLT-15-012]].

#+name: plot-PLT-15-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-013.svg'
set label 999 'PLT-15-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Decay << EOD
0 8.12
0.75 5.84
1.5 4.72
2.25 3.70
3 3.19
3.75 2.69
4.5 2.56
5.25 2.26
6 2.30
EOD
# BEGIN EXAMPLE
set xrange [0:6]
set yrange [1.5:8.8]
set xlabel "Time (hours)"
set ylabel "Concentration (arbitrary units)"
set grid ytics
set key top right
a=4; b=0.4; c=1
f(x)=a*exp(-b*x)+c
set fit nolog quiet maxiter 100 errorvariables
fit f(x) $Decay using 1:2 via a,b,c
print sprintf("fit: a=%.6f b=%.6f c=%.6f converged=%d", a,b,c,FIT_CONVERGED)
plot $Decay using 1:2 with points pt 7 ps 1.4 lc rgb "#00549F" title "Observed", \
     f(x) with lines lw 3 lc rgb "#F6A800" title "Decay model"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-013.svg]]

| Parameter            | Meaning                                               |
|----------------------+-------------------------------------------------------|
| =fit ... via a,b,c=  | Adjust these variables to minimise squared residuals. |
| =maxiter 100; nolog= | Bound iterations and avoid creating fit.log.          |
| =FIT_CONVERGED=      | Nonzero means the stopping criterion was reached.     |

** PLT-15-014 Display fitted values and their uncertainties
:PROPERTIES:
:PLOT_ID: PLT-15-014
:CUSTOM_ID: PLT-15-014
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-013
:END:

Keep the fitted curve and add parameter values. The plus/minus values are estimated parameter standard errors; they are not prediction intervals or a guarantee that exponential decay is the correct model.

Compare with [[#PLT-15-013][PLT-15-013]].

#+name: plot-PLT-15-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-014.svg'
set label 999 'PLT-15-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Decay << EOD
0 8.12
0.75 5.84
1.5 4.72
2.25 3.70
3 3.19
3.75 2.69
4.5 2.56
5.25 2.26
6 2.30
EOD
# BEGIN EXAMPLE
set xrange [0:6]
set yrange [1.5:8.8]
set xlabel "Time (hours)"
set ylabel "Concentration (arbitrary units)"
set grid ytics
set key top right
a=4; b=0.4; c=1
f(x)=a*exp(-b*x)+c
set fit nolog quiet maxiter 100 errorvariables
fit f(x) $Decay using 1:2 via a,b,c
print sprintf("fit: a=%.6f b=%.6f c=%.6f converged=%d", a,b,c,FIT_CONVERGED)
set label 1 sprintf("a = %.2f +/- %.2f",a,a_err) at graph 0.52,0.72
set label 2 sprintf("b = %.3f +/- %.3f",b,b_err) at graph 0.52,0.63
set label 3 sprintf("c = %.2f +/- %.2f",c,c_err) at graph 0.52,0.54
plot $Decay using 1:2 with points pt 7 ps 1.4 lc rgb "#00549F" title "Observed", \
     f(x) with lines lw 3 lc rgb "#F6A800" title "Decay model"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-014.svg]]

| Parameter        | Meaning                                                |
|------------------+--------------------------------------------------------|
| =errorvariables= | Create a_err, b_err and c_err after fitting.           |
| =sprintf=        | Format computed values rather than hard-coding labels. |

** PLT-15-015 Inspect residuals after fitting
:PROPERTIES:
:PLOT_ID: PLT-15-015
:CUSTOM_ID: PLT-15-015
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-013
:END:

Plot measured minus fitted values around a horizontal zero line. A fitted curve can hide systematic errors; residual patterns help reveal them. This small synthetic fixture demonstrates the method rather than validating a statistical model.

Compare with [[#PLT-15-013][PLT-15-013]].

#+name: plot-PLT-15-015
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-015.svg'
set label 999 'PLT-15-015' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Decay << EOD
0 8.12
0.75 5.84
1.5 4.72
2.25 3.70
3 3.19
3.75 2.69
4.5 2.56
5.25 2.26
6 2.30
EOD
# BEGIN EXAMPLE
set xrange [0:6]
set yrange [1.5:8.8]
set xlabel "Time (hours)"
set ylabel "Concentration (arbitrary units)"
set grid ytics
set key top right
a=4; b=0.4; c=1
f(x)=a*exp(-b*x)+c
set fit nolog quiet maxiter 100 errorvariables
fit f(x) $Decay using 1:2 via a,b,c
print sprintf("fit: a=%.6f b=%.6f c=%.6f converged=%d", a,b,c,FIT_CONVERGED)
set yrange [-0.25:0.25]
set ylabel "Observed minus fitted concentration"
set zeroaxis lw 2 lc rgb "#646567"
plot $Decay using 1:($2-f($1)) with impulses lw 3 \
    lc rgb "#00549F" title "Residuals", \
    $Decay using 1:($2-f($1)) with points pt 7 ps 1.2 \
    lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-015.svg]]

| Parameter      | Meaning                                                   |
|----------------+-----------------------------------------------------------|
| =$2-f($1)=     | Compute observed minus fitted concentration.              |
| =set zeroaxis= | Draw a reference at zero; residuals can have either sign. |

** PLT-15-016 Start an interpolation with six samples
:PROPERTIES:
:PLOT_ID: PLT-15-016
:CUSTOM_ID: PLT-15-016
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO:
:END:

These original fractions begin almost flat, jump between positions two and three, then level off. Begin with the observations. Interpolation connects known values; it differs from fitting a noisy response.

#+name: plot-PLT-15-016
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-016.svg'
set label 999 'PLT-15-016' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$Ramp << EOD
0 0
1 0
2 0.05
3 0.95
4 1
5 1
EOD
set xrange [-0.1:5.1]
set yrange [-0.15:1.15]
set xlabel "Position"
set ylabel "Fraction"
set grid ytics
set key top left
set samples 250
plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title "Samples"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-016.svg]]

| Parameter     | Meaning                                               |
|---------------+-------------------------------------------------------|
| =$Ramp=       | An ordered, monotone fixture with a sharp transition. |
| =with points= | Show only values supplied in the data.                |

** PLT-15-017 Connect samples with straight lines
:PROPERTIES:
:PLOT_ID: PLT-15-017
:CUSTOM_ID: PLT-15-017
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-016
:END:

Add straight segments between consecutive measurements. The joins pass through every observation, but their slope changes abruptly at each sample position.

Compare with [[#PLT-15-016][PLT-15-016]].

#+name: plot-PLT-15-017
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-017.svg'
set label 999 'PLT-15-017' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Ramp << EOD
0 0
1 0
2 0.05
3 0.95
4 1
5 1
EOD
# BEGIN EXAMPLE
set xrange [-0.1:5.1]
set yrange [-0.15:1.15]
set xlabel "Position"
set ylabel "Fraction"
set grid ytics
set key top left
set samples 250
plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title "Samples", \
     $Ramp using 1:2 with lines lw 3 lc rgb "#00549F" title "Linear joins"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-017.svg]]

| Parameter    | Meaning                                                       |
|--------------+---------------------------------------------------------------|
| =with lines= | Connect neighbouring records without estimating coefficients. |

** PLT-15-018 Replace joins with a cubic spline
:PROPERTIES:
:PLOT_ID: PLT-15-018
:CUSTOM_ID: PLT-15-018
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-017
:END:

A cubic spline smoothly connects the samples. Near the sharp transition it overshoots the physical fraction range: smoothness alone does not preserve the data shape.

Compare with [[#PLT-15-017][PLT-15-017]].

#+name: plot-PLT-15-018
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-018.svg'
set label 999 'PLT-15-018' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Ramp << EOD
0 0
1 0
2 0.05
3 0.95
4 1
5 1
EOD
# BEGIN EXAMPLE
set xrange [-0.1:5.1]
set yrange [-0.15:1.15]
set xlabel "Position"
set ylabel "Fraction"
set grid ytics
set key top left
set samples 250
plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title "Samples", \
     $Ramp using 1:2 smooth csplines with lines lw 3 \
     lc rgb "#F6A800" title "Cubic spline"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-018.svg]]

| Parameter         | Meaning                                                 |
|-------------------+---------------------------------------------------------|
| =smooth csplines= | Interpolate with cubic segments; overshoot is possible. |
| =samples 250=     | Choose the number of points drawing the smooth curve.   |

** PLT-15-019 Preserve monotonicity with mcsplines
:PROPERTIES:
:PLOT_ID: PLT-15-019
:CUSTOM_ID: PLT-15-019
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-018
:END:

Change only the interpolation method. The monotone cubic spline preserves this fixture鈥檚 increasing shape and stays between neighbouring values. It interpolates rather than denoising the observations.

Compare with [[#PLT-15-018][PLT-15-018]].

#+name: plot-PLT-15-019
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-019.svg'
set label 999 'PLT-15-019' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Ramp << EOD
0 0
1 0
2 0.05
3 0.95
4 1
5 1
EOD
# BEGIN EXAMPLE
set xrange [-0.1:5.1]
set yrange [-0.15:1.15]
set xlabel "Position"
set ylabel "Fraction"
set grid ytics
set key top left
set samples 250
plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title "Samples", \
     $Ramp using 1:2 smooth mcsplines with lines lw 3 \
     lc rgb "#0098A1" title "Monotone spline"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-019.svg]]

| Parameter          | Meaning                                                    |
|--------------------+------------------------------------------------------------|
| =smooth mcsplines= | Constrain the interpolated shape to preserve monotonicity. |

** PLT-15-020 Compare interpolation choices in one figure
:PROPERTIES:
:PLOT_ID: PLT-15-020
:CUSTOM_ID: PLT-15-020
:TOPIC: 15 路 Statistics before plotting
:COMPARE_TO: PLT-15-019
:END:

Overlay all three methods against the same observations. Keep negative and above-one margins visible so cubic overshoot is easy to see; do not hide it with restrictive axis ranges.

Compare with [[#PLT-15-019][PLT-15-019]].

#+name: plot-PLT-15-020
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-15-020.svg'
set label 999 'PLT-15-020' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Ramp << EOD
0 0
1 0
2 0.05
3 0.95
4 1
5 1
EOD
# BEGIN EXAMPLE
set xrange [-0.1:5.1]
set yrange [-0.15:1.15]
set xlabel "Position"
set ylabel "Fraction"
set grid ytics
set key top left
set samples 250
plot $Ramp using 1:2 with points pt 7 ps 1.5 lc rgb "#646567" title "Samples", \
     $Ramp using 1:2 with lines lw 3 lc rgb "#00549F" title "Linear joins", \
     $Ramp using 1:2 smooth csplines with lines lw 3 \
     lc rgb "#F6A800" title "Cubic spline", \
     $Ramp using 1:2 smooth mcsplines with lines lw 3 \
     lc rgb "#0098A1" title "Monotone spline"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-15-020.svg]]

| Parameter             | Meaning                                             |
|-----------------------+-----------------------------------------------------|
| =three plot clauses=  | Reuse one fixture with three interpolation choices. |
| =yrange [-0.15:1.15]= | Expose overshoot outside the valid fraction range.  |


* 16 路 Multiple panels
:PROPERTIES:
:CUSTOM_ID: PLT-16-000
:CHAPTER: 16
:END:

** PLT-16-001 Create two side-by-side panels
:PROPERTIES:
:PLOT_ID: PLT-16-001
:CUSTOM_ID: PLT-16-001
:TOPIC: 16 路 Multiple panels
:COMPARE_TO:
:END:

multiplot directs several plot commands onto one canvas.

#+name: plot-PLT-16-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-001.svg'
set label 999 'PLT-16-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2
set title "Sine"
plot sin(x) notitle
set title "Cosine"
plot cos(x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-001.svg]]

| Parameter         | Meaning                          |
|-------------------+----------------------------------|
| =layout 1,2=      | One row and two columns.         |
| =set title=       | Set the title of the next panel. |
| =notitle=         | Omit the curve鈥檚 legend entry.   |
| =unset multiplot= | Finish the combined figure.      |

** PLT-16-002 Stack the same panels vertically
:PROPERTIES:
:PLOT_ID: PLT-16-002
:CUSTOM_ID: PLT-16-002
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-001
:END:

Only the row/column layout changes.

Compare with [[#PLT-16-001][PLT-16-001]].

#+name: plot-PLT-16-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-002.svg'
set label 999 'PLT-16-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 2,1
set title "Sine"
plot sin(x) notitle
set title "Cosine"
plot cos(x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-002.svg]]

| Parameter    | Meaning                                                          |
|--------------+------------------------------------------------------------------|
| =layout 2,1= | Two rows and one column; plot commands fill the panels in order. |

** PLT-16-003 Use a two-by-two layout
:PROPERTIES:
:PLOT_ID: PLT-16-003
:CUSTOM_ID: PLT-16-003
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-001
:END:

Each subsequent plot command occupies the next cell.

Compare with [[#PLT-16-001][PLT-16-001]].

#+name: plot-PLT-16-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-003.svg'
set label 999 'PLT-16-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 2,2 rowsfirst
set title "1"
plot sin(x) notitle
set title "2"
plot cos(x) notitle
set title "3"
plot sin(2*x) notitle
set title "4"
plot cos(2*x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-003.svg]]

| Parameter    | Meaning                                             |
|--------------+-----------------------------------------------------|
| =layout 2,2= | Two rows and two columns.                           |
| =rowsfirst=  | Fill left to right, then move down to the next row. |

** PLT-16-004 Fill panels down columns first
:PROPERTIES:
:PLOT_ID: PLT-16-004
:CUSTOM_ID: PLT-16-004
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-003
:END:

The four plot commands stay in the same order; their cell positions change.

Compare with [[#PLT-16-003][PLT-16-003]].

#+name: plot-PLT-16-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-004.svg'
set label 999 'PLT-16-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 2,2 columnsfirst
set title "1"
plot sin(x) notitle
set title "2"
plot cos(x) notitle
set title "3"
plot sin(2*x) notitle
set title "4"
plot cos(2*x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-004.svg]]

| Parameter      | Meaning                                             |
|----------------+-----------------------------------------------------|
| =columnsfirst= | Fill top to bottom in a column before moving right. |

** PLT-16-005 Specify shared outer margins
:PROPERTIES:
:PLOT_ID: PLT-16-005
:CUSTOM_ID: PLT-16-005
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-001
:END:

The four margin values place the outer panel borders in screen coordinates.

Compare with [[#PLT-16-001][PLT-16-001]].

#+name: plot-PLT-16-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-005.svg'
set label 999 'PLT-16-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2 margins 0.10,0.95,0.16,0.88
set title "Sine"
plot sin(x) notitle
set title "Cosine"
plot cos(x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-005.svg]]

| Parameter                     | Meaning                                                     |
|-------------------------------+-------------------------------------------------------------|
| =margins 0.10,0.95,0.16,0.88= | Left, right, bottom and top positions, as canvas fractions. |
| =Screen fractions=            | 0 is the left/bottom edge; 1 is the right/top edge.         |

** PLT-16-006 Increase the gap between columns
:PROPERTIES:
:PLOT_ID: PLT-16-006
:CUSTOM_ID: PLT-16-006
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-005
:END:

Spacing separates neighbouring panel borders within the chosen outer margins.

Compare with [[#PLT-16-005][PLT-16-005]].

#+name: plot-PLT-16-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-006.svg'
set label 999 'PLT-16-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2 margins 0.10,0.95,0.16,0.88 spacing 0.18,0.08
set title "Sine"
plot sin(x) notitle
set title "Cosine"
plot cos(x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-006.svg]]

| Parameter           | Meaning                                                    |
|---------------------+------------------------------------------------------------|
| =spacing 0.18,0.08= | Horizontal and vertical gaps in screen fractions.          |
| =0.18=              | Only the horizontal gap is visible in this one-row layout. |

** PLT-16-007 Reduce the gap again
:PROPERTIES:
:PLOT_ID: PLT-16-007
:CUSTOM_ID: PLT-16-007
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-006
:END:

Change one spacing value while retaining the same canvas and outer margins.

Compare with [[#PLT-16-006][PLT-16-006]].

#+name: plot-PLT-16-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-007.svg'
set label 999 'PLT-16-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2 margins 0.10,0.95,0.16,0.88 spacing 0.06,0.08
set title "Sine"
plot sin(x) notitle
set title "Cosine"
plot cos(x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-007.svg]]

| Parameter | Meaning                                                                   |
|-----------+---------------------------------------------------------------------------|
| =0.06=    | Reduce the horizontal gap from 0.18 to 0.06; vertical spacing stays 0.08. |

** PLT-16-008 Add a shared figure title
:PROPERTIES:
:PLOT_ID: PLT-16-008
:CUSTOM_ID: PLT-16-008
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-001
:END:

A multiplot title describes the entire panel group.

Compare with [[#PLT-16-001][PLT-16-001]].

#+name: plot-PLT-16-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-008.svg'
set label 999 'PLT-16-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2 title "Two related functions"
set title "Sine"
plot sin(x) notitle
set title "Cosine"
plot cos(x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-008.svg]]

| Parameter                       | Meaning                                                                   |
|---------------------------------+---------------------------------------------------------------------------|
| =title "Two related functions"= | The title belongs to the multiplot command, so it spans the whole figure. |

** PLT-16-009 Share an x scale across stacked panels
:PROPERTIES:
:PLOT_ID: PLT-16-009
:CUSTOM_ID: PLT-16-009
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-002
:END:

Suppress repeated x labels in the upper panel and restore them for the lower one. Explicit outer margins align the borders.

Compare with [[#PLT-16-002][PLT-16-002]].

#+name: plot-PLT-16-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-009.svg'
set label 999 'PLT-16-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:6]
set multiplot layout 2,1 \
    margins 0.10,0.95,0.16,0.92 spacing 0.04,0.04
set format x ""
plot sin(x) notitle
set format x "%g"
set xlabel "Angle / rad"
plot cos(x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-009.svg]]

| Parameter          | Meaning                                               |
|--------------------+-------------------------------------------------------|
| =format x ""=      | Hide only the upper panel鈥檚 x tick text.              |
| =format x "%g"=    | Restore compact numeric labels for the lower panel.   |
| =margins; spacing= | Shared outer borders and a small vertical gap.        |
| =xlabel=           | Place a descriptive x label on the bottom panel only. |

** PLT-16-010 Create an inset manually
:PROPERTIES:
:PLOT_ID: PLT-16-010
:CUSTOM_ID: PLT-16-010
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-001
:END:

set size and set origin position each plot within a common canvas. Restore settings explicitly when adding more panels.

Compare with [[#PLT-16-001][PLT-16-001]].

#+name: plot-PLT-16-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-010.svg'
set label 999 'PLT-16-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot
set size 1,1
set origin 0,0
plot sin(x) notitle
set size 0.34,0.38
set origin 0.58,0.54
set object 1 rectangle from screen 0.58,0.54 \
    to screen 0.92,0.92 behind fillcolor rgb "white" \
    fillstyle solid 1 noborder
set xrange [0:2]
set ytics 0.5
set title "Inset"
plot sin(x) notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-010.svg]]

| Parameter                      | Meaning                                                                                            |
|--------------------------------+----------------------------------------------------------------------------------------------------|
| =set multiplot=                | Begin manual panel placement without an automatic layout.                                          |
| =size 1,1; origin 0,0=         | The first plot uses the full canvas.                                                               |
| =size 0.34,0.38=               | Inset width and height as fractions of the canvas.                                                 |
| =origin 0.58,0.54=             | Inset鈥檚 lower-left location in screen fractions.                                                   |
| =object ... behind; ytics 0.5= | A white background covers the main plot beneath the inset; half-unit y ticks avoid crowded labels. |

** PLT-16-011 See settings persist between panels
:PROPERTIES:
:PLOT_ID: PLT-16-011
:CUSTOM_ID: PLT-16-011
:TOPIC: 16 路 Multiple panels
:COMPARE_TO:
:END:

A new plot command does not start a new session. Multiplot advances the panel position while retaining settings such as ranges, grids, styles and annotations.

#+name: plot-PLT-16-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-011.svg'
set label 999 'PLT-16-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set grid
set title "Grid enabled"
plot sin(x) with lines lw 3 notitle
set title "Grid inherited"
plot cos(x) with lines lw 3 notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-011.svg]]

| Parameter     | Meaning                                               |
|---------------+-------------------------------------------------------|
| =second plot= | Inherits the grid and ranges from the first panel.    |
| =layout=      | Moves the panel; it does not reset plotting settings. |

** PLT-16-012 Clear a setting before the next panel
:PROPERTIES:
:PLOT_ID: PLT-16-012
:CUSTOM_ID: PLT-16-012
:TOPIC: 16 路 Multiple panels
:COMPARE_TO: PLT-16-011
:END:

Unset individual settings when only one panel needs them. This retains the shared ranges and other formatting while removing the grid from the second panel.

Compare with [[#PLT-16-011][PLT-16-011]].

#+name: plot-PLT-16-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-16-012.svg'
set label 999 'PLT-16-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set grid
set title "Grid enabled"
plot sin(x) with lines lw 3 notitle
unset grid
set title "Grid explicitly removed"
plot cos(x) with lines lw 3 notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-16-012.svg]]

| Parameter               | Meaning                                                                              |
|-------------------------+--------------------------------------------------------------------------------------|
| =unset grid=            | Disable the inherited grid before plotting the next panel.                           |
| =fresh gnuplot process= | Each complete tour example starts independently; its panels still share one process. |

* 17 路 Terminals and output formats
:PROPERTIES:
:CUSTOM_ID: PLT-17-000
:CHAPTER: 17
:END:

** PLT-17-001 Write an SVG with explicit terminal settings
:PROPERTIES:
:PLOT_ID: PLT-17-001
:CUSTOM_ID: PLT-17-001
:TOPIC: 17 路 Terminals and output formats
:COMPARE_TO:
:END:

Choose the terminal before the output filename. SVG is vector output; its nominal pixel dimensions define the canvas and its aspect ratio, while the paths remain scalable.

#+name: plot-PLT-17-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-17-001.svg'
set label 999 'PLT-17-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set terminal svg size 1200,600 enhanced \
    font "sans,20" background rgb "white"
set output 'figures/PLT-17-001.svg'
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle (radians)"
plot sin(x) with lines lw 3 title "Sine"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-17-001.svg]]

| Parameter                    | Meaning                                                           |
|------------------------------+-------------------------------------------------------------------|
| =terminal svg size 1200,600= | Choose a vector SVG canvas with a 2:1 aspect ratio.               |
| =font "sans,20"=             | Set terminal-specific font family and nominal size.               |
| =set output=                 | Open the file after selecting its terminal.                       |
| =unset output=               | Close and finish the file; supplied by the complete Bash wrapper. |

** PLT-17-002 Export the same plot as a PNG image
:PROPERTIES:
:PLOT_ID: PLT-17-002
:CUSTOM_ID: PLT-17-002
:TOPIC: 17 路 Terminals and output formats
:COMPARE_TO: PLT-17-001
:DOWNLOADS: png
:END:

Pngcairo writes a raster image at the requested pixel resolution. Terminal push/pop saves and restores the SVG settings for the guide preview; the PNG is also written to figures/PLT-17-002.png.

Compare with [[#PLT-17-001][PLT-17-001]].

#+name: plot-PLT-17-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-17-002.svg'
set label 999 'PLT-17-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set term push
set terminal pngcairo size 1200,600 enhanced font "sans,20"
set output 'figures/PLT-17-002.png'
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle (radians)"
plot sin(x) with lines lw 3 title "Sine"
unset output
set term pop
set output 'figures/PLT-17-002.svg'
replot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-17-002.svg]]

| Parameter                | Meaning                                                                    |
|--------------------------+----------------------------------------------------------------------------|
| =pngcairo size 1200,600= | Write 1200 by 600 raster pixels; requires Cairo terminal support.          |
| =term push; term pop=    | Save and restore terminal settings; filenames must be selected separately. |
| =replot=                 | Render the preceding plot command again with the restored terminal.        |
| =font sizes=             | SVG and Cairo font metrics may differ even with the same nominal size.     |

** PLT-17-003 Export a PDF at a physical page size
:PROPERTIES:
:PLOT_ID: PLT-17-003
:CUSTOM_ID: PLT-17-003
:TOPIC: 17 路 Terminals and output formats
:COMPARE_TO: PLT-17-002
:DOWNLOADS: pdf
:END:

Pdfcairo uses physical dimensions rather than raster pixels. Its font sizes are in points. Choose a suitable physical page size for a plot intended for print.

Compare with [[#PLT-17-002][PLT-17-002]].

#+name: plot-PLT-17-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-17-003.svg'
set label 999 'PLT-17-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set term push
set terminal pdfcairo size 12cm,6cm enhanced font "sans,10"
set output 'figures/PLT-17-003.pdf'
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle (radians)"
plot sin(x) with lines lw 3 title "Sine"
unset output
set term pop
set output 'figures/PLT-17-003.svg'
replot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-17-003.svg]]

| Parameter                | Meaning                                                                            |
|--------------------------+------------------------------------------------------------------------------------|
| =pdfcairo size 12cm,6cm= | Write a vector PDF page twelve centimetres wide and six high.                      |
| =font "sans,10"=         | Use a ten-point Cairo font for this smaller physical page.                         |
| =terminal before output= | Close the previous output before restoring the terminal and opening the next file. |

** PLT-17-004 Export a PNG with a transparent background
:PROPERTIES:
:PLOT_ID: PLT-17-004
:CUSTOM_ID: PLT-17-004
:TOPIC: 17 路 Terminals and output formats
:COMPARE_TO: PLT-17-002
:DOWNLOADS: png
:END:

Transparent output is useful when placing a plot over a coloured page or slide. It affects the canvas background; transparency of curve fills is a separate fillstyle setting.

Compare with [[#PLT-17-002][PLT-17-002]].

#+name: plot-PLT-17-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-17-004.svg'
set label 999 'PLT-17-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set term push
set terminal pngcairo transparent size 1200,600 \
    enhanced font "sans,20"
set output 'figures/PLT-17-004.png'
set xrange [0:2*pi]
set yrange [-1.5:1.5]
set xlabel "Angle (radians)"
plot sin(x) with lines lw 3 title "Sine"
unset output
set term pop
set output 'figures/PLT-17-004.svg'
replot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-17-004.svg]]

| Parameter                     | Meaning                                                                                       |
|-------------------------------+-----------------------------------------------------------------------------------------------|
| =pngcairo transparent=        | Give the raster canvas an alpha channel with a transparent background.                        |
| =fillstyle transparent solid= | Controls opacity of a filled plot element independently.                                      |
| =SVG preview=                 | The guide retains its white canvas; inspect the generated PNG for its transparent background. |

* 18 路 Bars and categorical histograms
:PROPERTIES:
:CUSTOM_ID: PLT-18-000
:CHAPTER: 18
:END:

** PLT-18-001 Start with three bars
:PROPERTIES:
:PLOT_ID: PLT-18-001
:CUSTOM_ID: PLT-18-001
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO:
:END:

A tiny datablock keeps the data beside the drawing. Here the first column is a numeric position and the second is the bar height.

#+name: plot-PLT-18-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-001.svg'
set label 999 'PLT-18-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4
2 7
3 5
EOD
set xrange [0:4]
set yrange [0:9]
plot $D using 1:2 with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-001.svg]]

| Parameter                    | Meaning                                                                                 |
|------------------------------+-----------------------------------------------------------------------------------------|
| =$D << EOD=                  | Define an in-memory datablock; EOD alone ends it. The quoted Bash heredoc preserves $D. |
| =using 1:2=                  | Map column 1 to x and column 2 to height.                                               |
| =with boxes=                 | Draw vertical boxes from zero to each y value; width is initially inferred.             |
| =xrange [0:4]; yrange [0:9]= | Keep all three bars and zero visible; reserve space above the bars.                     |

** PLT-18-002 Set an exact bar width
:PROPERTIES:
:PLOT_ID: PLT-18-002
:CUSTOM_ID: PLT-18-002
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-001
:END:

Make the spacing between bars deliberate.

Compare with [[#PLT-18-001][PLT-18-001]].

#+name: plot-PLT-18-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-002.svg'
set label 999 'PLT-18-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4
2 7
3 5
EOD
set xrange [0:4]
set boxwidth 0.65 absolute
set yrange [0:9]
plot $D using 1:2 with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-002.svg]]

| Parameter       | Meaning                                                                            |
|-----------------+------------------------------------------------------------------------------------|
| =0.65 absolute= | Width is 0.65 x-axis units. Positions are one unit apart, leaving a 0.35-unit gap. |

** PLT-18-003 Fill the bars
:PROPERTIES:
:PLOT_ID: PLT-18-003
:CUSTOM_ID: PLT-18-003
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-002
:END:

Solid fill makes the areas readable; removing outlines changes the visual weight.

Compare with [[#PLT-18-002][PLT-18-002]].

#+name: plot-PLT-18-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-003.svg'
set label 999 'PLT-18-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4
2 7
3 5
EOD
set xrange [0:4]
set boxwidth 0.65 absolute
set yrange [0:9]
set style fill solid 1.0 noborder
plot $D using 1:2 with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-003.svg]]

| Parameter   | Meaning                               |
|-------------+---------------------------------------|
| =solid 1.0= | Opaque fill; 1.0 is the fill density. |
| =noborder=  | Suppress the outline around each box. |

** PLT-18-004 Use category names
:PROPERTIES:
:PLOT_ID: PLT-18-004
:CUSTOM_ID: PLT-18-004
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-003
:END:

The x positions stay numeric. A third column supplies the displayed names.

Compare with [[#PLT-18-003][PLT-18-003]].

#+name: plot-PLT-18-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-004.svg'
set label 999 'PLT-18-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4 "Alpha"
2 7 "Beta"
3 5 "Gamma"
EOD
set xrange [0:4]
set boxwidth 0.65 absolute
set yrange [0:9]
set style fill solid 1.0 noborder
plot $D using 1:2:xticlabels(3) with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-004.svg]]

| Parameter       | Meaning                                                                    |
|-----------------+----------------------------------------------------------------------------|
| =xticlabels(3)= | Read labels from column 3 and place them at the corresponding x positions. |

** PLT-18-005 Write values above the bars
:PROPERTIES:
:PLOT_ID: PLT-18-005
:CUSTOM_ID: PLT-18-005
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-004
:END:

Add a second plot layer using the same rows.

Compare with [[#PLT-18-004][PLT-18-004]].

#+name: plot-PLT-18-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-005.svg'
set label 999 'PLT-18-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4 "Alpha"
2 7 "Beta"
3 5 "Gamma"
EOD
set xrange [0:4]
set boxwidth 0.65 absolute
set yrange [0:9]
set style fill solid 1.0 noborder
plot $D using 1:2:xticlabels(3) with boxes notitle, \
     $D using 1:2:(sprintf("%g",$2)) \
     with labels offset 0,0.8 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-005.svg]]

| Parameter          | Meaning                                                         |
|--------------------+-----------------------------------------------------------------|
| =sprintf("%g",$2)= | Format the current row's second column as compact numeric text. |
| =with labels=      | Use x, y and a text expression as the three fields.             |
| =offset 0,0.8=     | Move text upward by 0.8 character heights; x offset is zero.    |

** PLT-18-006 Colour each category
:PROPERTIES:
:PLOT_ID: PLT-18-006
:CUSTOM_ID: PLT-18-006
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-004
:END:

Use one extra numeric field to choose an explicit RGB colour for each row.

Compare with [[#PLT-18-004][PLT-18-004]].

#+name: plot-PLT-18-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-006.svg'
set label 999 'PLT-18-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4 "Alpha" 0x00549F
2 7 "Beta" 0xF6A800
3 5 "Gamma" 0x57AB27
EOD
set xrange [0:4]
set boxwidth 0.65 absolute
set yrange [0:9]
set style fill solid 1.0 noborder
plot $D using 1:2:4:xticlabels(3) \
     with boxes linecolor rgb variable notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-006.svg]]

| Parameter                | Meaning                                                             |
|--------------------------+---------------------------------------------------------------------|
| =0x00549F=               | Hexadecimal integer 0xRRGGBB; its bytes encode red, green and blue. |
| =using 1:2:4=            | The third numeric plotting field provides the colour.               |
| =linecolor rgb variable= | Read an RGB integer from each row; the fill follows that colour.    |

** PLT-18-007 Put two series side by side
:PROPERTIES:
:PLOT_ID: PLT-18-007
:CUSTOM_ID: PLT-18-007
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-004
:END:

gnuplot calls this categorical layout a histogram. It consumes already summarized values; it does not bin raw observations.

Compare with [[#PLT-18-004][PLT-18-004]].

#+name: plot-PLT-18-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-007.svg'
set label 999 'PLT-18-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
Alpha 4 6
Beta 7 5
Gamma 5 8
EOD
set style data histograms
set style histogram clustered gap 1
set style fill solid 1 noborder
set boxwidth 0.9 relative
set yrange [0:10]
plot $D using 2:xticlabels(1) title "A", \
     $D using 3 title "B"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-007.svg]]

| Parameter               | Meaning                                                                            |
|-------------------------+------------------------------------------------------------------------------------|
| =style data histograms= | Set the default plot style for data sources.                                       |
| =clustered gap 1=       | Group series at each category; leave a gap of one bar-width unit between clusters. |
| =0.9 relative=          | Use 90% of the width allocated to each bar.                                        |
| =using 2 / using 3=     | Each selected value column becomes one series; rows become categories.             |

** PLT-18-008 Widen the gap between groups
:PROPERTIES:
:PLOT_ID: PLT-18-008
:CUSTOM_ID: PLT-18-008
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-007
:END:

The group spacing changes while the categories and values stay the same.

Compare with [[#PLT-18-007][PLT-18-007]].

#+name: plot-PLT-18-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-008.svg'
set label 999 'PLT-18-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
Alpha 4 6
Beta 7 5
Gamma 5 8
EOD
set style data histograms
set style histogram clustered gap 3
set style fill solid 1 noborder
set boxwidth 0.9 relative
set yrange [0:10]
plot $D using 2:xticlabels(1) title "A", \
     $D using 3 title "B"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-008.svg]]

| Parameter | Meaning                                                                                                |
|-----------+--------------------------------------------------------------------------------------------------------|
| =gap 3=   | Reserve three bar-width units between neighbouring clusters; bars become narrower in the fixed canvas. |

** PLT-18-009 Use hatching for the series
:PROPERTIES:
:PLOT_ID: PLT-18-009
:CUSTOM_ID: PLT-18-009
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-007
:END:

Pattern fill provides another cue when colour is unavailable.

Compare with [[#PLT-18-007][PLT-18-007]].

#+name: plot-PLT-18-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-009.svg'
set label 999 'PLT-18-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
Alpha 4 6
Beta 7 5
Gamma 5 8
EOD
set style data histograms
set style histogram clustered gap 1
set style fill pattern border
set boxwidth 0.9 relative
set yrange [0:10]
plot $D using 2:xticlabels(1) title "A", \
     $D using 3 title "B"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-009.svg]]

| Parameter | Meaning                                        |
|-----------+------------------------------------------------|
| =pattern= | Cycle through the terminal's fill patterns.    |
| =border=  | Draw the outlines as well as the fill pattern. |

** PLT-18-010 Stack the series by row
:PROPERTIES:
:PLOT_ID: PLT-18-010
:CUSTOM_ID: PLT-18-010
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-007
:END:

Replace neighbouring bars with components of a total.

Compare with [[#PLT-18-007][PLT-18-007]].

#+name: plot-PLT-18-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-010.svg'
set label 999 'PLT-18-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
Alpha 4 6
Beta 7 5
Gamma 5 8
EOD
set style data histograms
set style histogram rowstacked
set style fill solid 1 noborder
set boxwidth 0.9 relative
set yrange [0:15]
plot $D using 2:xticlabels(1) title "A", \
     $D using 3 title "B"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-010.svg]]

| Parameter    | Meaning                                             |
|--------------+-----------------------------------------------------|
| =rowstacked= | Stack the plotted columns within each row/category. |
| =[0:15]=     | Allow room for totals 10, 12 and 13.                |

** PLT-18-011 Normalize every stack to 100 percent
:PROPERTIES:
:PLOT_ID: PLT-18-011
:CUSTOM_ID: PLT-18-011
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-010
:END:

Each row is divided by its own sum. The chart now compares composition rather than totals.

Compare with [[#PLT-18-010][PLT-18-010]].

#+name: plot-PLT-18-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-011.svg'
set label 999 'PLT-18-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
Alpha 4 6
Beta 7 5
Gamma 5 8
EOD
set style data histograms
set style histogram rowstacked
set style fill solid 1 noborder
set boxwidth 0.9 relative
set yrange [0:100]
set format y "%.0f%%"
plot $D using (100.0*$2/($2+$3)):xticlabels(1) title "A", \
     $D using (100.0*$3/($2+$3)) title "B"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-011.svg]]

| Parameter          | Meaning                                                                                        |
|--------------------+------------------------------------------------------------------------------------------------|
| =100.0*$2/($2+$3)= | Convert the first component to a percentage; the second expression does the same for column 3. |
| =%.0f%%=           | Display no decimals and a literal percent sign. Rows must have a nonzero total.                |

** PLT-18-012 Turn bars horizontally
:PROPERTIES:
:PLOT_ID: PLT-18-012
:CUSTOM_ID: PLT-18-012
:TOPIC: 18 路 Bars and categorical histograms
:COMPARE_TO: PLT-18-004
:END:

Explicit rectangle bounds offer a simple horizontal bar chart and prepare the floating-bar examples.

Compare with [[#PLT-18-004][PLT-18-004]].

#+name: plot-PLT-18-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-18-012.svg'
set label 999 'PLT-18-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4 Alpha
2 7 Beta
3 5 Gamma
EOD
set xrange [0:9]
set yrange [3.6:0.4]
set style fill solid 1 noborder
plot $D using ($2/2):1:(0):2:($1-0.3):($1+0.3) \
     :yticlabels(3) with boxxyerrorbars notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-18-012.svg]]

| Parameter           | Meaning                                                                                                      |
|---------------------+--------------------------------------------------------------------------------------------------------------|
| =boxxyerrorbars=    | With six fields: x centre, y centre, x low, x high, y low, y high. These bounds describe a filled rectangle. |
| =($2/2):1:(0):2=    | Centre each bar halfway along its value; extend x from zero to column 2.                                     |
| =($1-0.3):($1+0.3)= | Give each row a vertical thickness of 0.6.                                                                   |
| =[3.6:0.4]=         | Descending explicit bounds reverse the y axis, placing the first category at the top.                        |

* 19 路 Data-driven grouping brackets
:PROPERTIES:
:CUSTOM_ID: PLT-19-000
:CHAPTER: 19
:END:

Build grouped bars, then generate a bracket and centred label for each group.
These eight independent steps use an original inline fixture with unequal
numbers of members. Single blank lines define groups; counts, offsets and
annotation heights come from the data. The last two steps change only the data.

The [[https://gnuplot.sourceforge.net/demo_6.1/mark_grouping.html][official grouping-mark demonstration]]
uses the newer =set mark= and =with marks= syntax. Here, a normalised segment
template and =with vectors nohead= draw the same kind of adjustable bracket
with gnuplot 6.0.5. Horizontal coordinates scale with group width; vertical
coordinates use measurement units. Every complete Bash block contains its own
data and starts a fresh gnuplot process. Brackets show membership, not statistical
significance. For reliable automatic counts, use exactly one blank line between
groups and none at the start or end of the datablock.

** PLT-19-001 Start with labelled bars
:PROPERTIES:
:PLOT_ID: PLT-19-001
:CUSTOM_ID: PLT-19-001
:TOPIC: 19 路 Data-driven grouping brackets
:COMPARE_TO:
:END:

The single blank lines separate three groups in the inline data. Begin by drawing every observation in one colour. Pseudo-column 0 counts records across single blank lines, so the bars still appear evenly spaced.

#+name: plot-PLT-19-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-19-001.svg'
set label 999 'PLT-19-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$Bars << EOD
A 4
B 7
C 5

D 3
E 6

F 8
G 5
H 7
I 4
EOD
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
set yrange [0:11]
plot $Bars using 0:2:xtic(1) with boxes lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-19-001.svg]]

| Parameter           | Meaning                                                                                                              |
|---------------------+----------------------------------------------------------------------------------------------------------------------|
| =using 0:2:xtic(1)= | Use record numbers for x, measurements for y and names for tick labels.                                              |
| =single blank line= | Separate blocks without resetting the global record number; two consecutive blank lines instead start a new dataset. |
| =boxwidth 0.8=      | Leave a small gap between neighbouring unit-spaced bars.                                                             |

** PLT-19-002 Leave one empty position between groups
:PROPERTIES:
:PLOT_ID: PLT-19-002
:CUSTOM_ID: PLT-19-002
:TOPIC: 19 路 Data-driven grouping brackets
:COMPARE_TO: PLT-19-001
:END:

Change only the x expression. Pseudo-column -1 gives the zero-based block number. Adding one extra position for each block leaves a full empty slot between groups of unequal sizes.

Compare with [[#PLT-19-001][PLT-19-001]].

#+name: plot-PLT-19-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-19-002.svg'
set label 999 'PLT-19-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Bars << EOD
A 4
B 7
C 5

D 3
E 6

F 8
G 5
H 7
I 4
EOD
# BEGIN EXAMPLE
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
set yrange [0:11]
plot $Bars using ($0+column(-1)+1):2:xtic(1) \
    with boxes lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-19-002.svg]]

| Parameter             | Meaning                                                                       |
|-----------------------+-------------------------------------------------------------------------------|
| =column(-1)+1=        | Convert zero-based block numbers into one-based group numbers.                |
| =$0 + column(-1) + 1= | Advance each later group by one extra slot while keeping its bars contiguous. |

** PLT-19-003 Colour bars by group
:PROPERTIES:
:PLOT_ID: PLT-19-003
:CUSTOM_ID: PLT-19-003
:TOPIC: 19 路 Data-driven grouping brackets
:COMPARE_TO: PLT-19-002
:END:

Use the same block number as a line-type selector. Each group now has its own colour; the tick labels continue to identify individual observations. A fourth colour is ready for the later data-only extension.

Compare with [[#PLT-19-002][PLT-19-002]].

#+name: plot-PLT-19-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-19-003.svg'
set label 999 'PLT-19-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Bars << EOD
A 4
B 7
C 5

D 3
E 6

F 8
G 5
H 7
I 4
EOD
# BEGIN EXAMPLE
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
set yrange [0:11]
set linetype 1 lc rgb "#00549F"
set linetype 2 lc rgb "#57AB27"
set linetype 3 lc rgb "#F6A800"
set linetype 4 lc rgb "#7A6FAC"
plot $Bars using ($0+column(-1)+1):2:(column(-1)+1):xtic(1) \
    with boxes lc variable
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-19-003.svg]]

| Parameter              | Meaning                                                                  |
|------------------------+--------------------------------------------------------------------------|
| =lc variable=          | Read a line-type number from the additional using column.                |
| =set linetype 1 ... 4= | Define four colours explicitly rather than relying on terminal defaults. |

** PLT-19-004 Derive group labels and widths from the data
:PROPERTIES:
:PLOT_ID: PLT-19-004
:CUSTOM_ID: PLT-19-004
:TOPIC: 19 路 Data-driven grouping brackets
:COMPARE_TO: PLT-19-003
:END:

Count blank lines with stats, then count members while making a table with an explicit group column. A second datablock stores each generated name, left edge and width. Three groups of 3, 2 and 4 members begin at edges 0.5, 4.5 and 7.5. All loops use the detected group count.

Compare with [[#PLT-19-003][PLT-19-003]].

#+name: plot-PLT-19-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-19-004.svg'
set label 999 'PLT-19-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Bars << EOD
A 4
B 7
C 5

D 3
E 6

F 8
G 5
H 7
I 4
EOD
set linetype 1 lc rgb "#00549F"
set linetype 2 lc rgb "#57AB27"
set linetype 3 lc rgb "#F6A800"
set linetype 4 lc rgb "#7A6FAC"
# BEGIN EXAMPLE
stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \
    (g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {
    print sprintf('"Group %d" %.1f %d',g,left,members[g])
    left = left + members[g] + 1
}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \
    $Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-19-004.svg]]

| Parameter               | Meaning                                                                                                                   |
|-------------------------+---------------------------------------------------------------------------------------------------------------------------|
| =B_blank + 1=           | One single blank separator between each adjacent group gives the group count; avoid leading or trailing blank separators. |
| =members[g]=            | Count each group while reading its rows into the plotting table.                                                          |
| =set table; with table= | Record names, measurements and group numbers without drawing a figure.                                                    |
| =left + members[g] + 1= | Place the next group after the current width and one empty slot.                                                          |
| =B_max + 1=             | Place annotations above the detected tallest bar; reserve additional space in yrange.                                     |

** PLT-19-005 Scale a bracket to each group
:PROPERTIES:
:PLOT_ID: PLT-19-005
:CUSTOM_ID: PLT-19-005
:TOPIC: 19 路 Data-driven grouping brackets
:COMPARE_TO: PLT-19-004
:END:

Define one three-segment bracket in normalised coordinates. Multiply its horizontal coordinates by the detected group width and translate it to the group left edge. The three brackets span 3, 2 and 4 slots automatically.

Compare with [[#PLT-19-004][PLT-19-004]].

#+name: plot-PLT-19-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-19-005.svg'
set label 999 'PLT-19-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Bars << EOD
A 4
B 7
C 5

D 3
E 6

F 8
G 5
H 7
I 4
EOD
set linetype 1 lc rgb "#00549F"
set linetype 2 lc rgb "#57AB27"
set linetype 3 lc rgb "#F6A800"
set linetype 4 lc rgb "#7A6FAC"
# BEGIN EXAMPLE
stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \
    (g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {
    print sprintf('"Group %d" %.1f %d',g,left,members[g])
    left = left + members[g] + 1
}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
array sx[3] = [0,0,1]
array sy[3] = [-0.4,0,0]
array dx[3] = [0,1,0]
array dy[3] = [0.4,0,-0.4]
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \
    for [s=1:3] $Groups using \
    ($2+sx[s]*$3):(mark_y+sy[s]):(dx[s]*$3):(dy[s]) \
    with vectors nohead lw 2 lc rgb "#646567", \
    $Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-19-005.svg]]

| Parameter             | Meaning                                                                                               |
|-----------------------+-------------------------------------------------------------------------------------------------------|
| =sx, sy=              | Start coordinates of each normalised segment.                                                         |
| =dx, dy=              | Segment displacements; horizontal values are scaled by group width.                                   |
| =for [s=1:3]=         | Draw the same three template segments for every group.                                                |
| =with vectors nohead= | Draw plain line segments rather than arrows.                                                          |
| =left edge and width= | The first bar centre is left+0.5; the last is left+width-0.5. The bracket spans all their unit slots. |

** PLT-19-006 Add a centred stem to the reusable shape
:PROPERTIES:
:PLOT_ID: PLT-19-006
:CUSTOM_ID: PLT-19-006
:TOPIC: 19 路 Data-driven grouping brackets
:COMPARE_TO: PLT-19-005
:END:

Extend the template with one vertical segment at normalised x=0.5. Its x position follows the centre of any group width. Its height stays fixed in y-axis units. This produces the bracket-and-stem grouping shape shown in the linked demonstration using commands available in gnuplot 6.0.5.

Compare with [[#PLT-19-005][PLT-19-005]].

#+name: plot-PLT-19-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-19-006.svg'
set label 999 'PLT-19-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Bars << EOD
A 4
B 7
C 5

D 3
E 6

F 8
G 5
H 7
I 4
EOD
set linetype 1 lc rgb "#00549F"
set linetype 2 lc rgb "#57AB27"
set linetype 3 lc rgb "#F6A800"
set linetype 4 lc rgb "#7A6FAC"
# BEGIN EXAMPLE
stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \
    (g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {
    print sprintf('"Group %d" %.1f %d',g,left,members[g])
    left = left + members[g] + 1
}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
array sx[4] = [0,0,1,0.5]
array sy[4] = [-0.4,0,0,0]
array dx[4] = [0,1,0,0]
array dy[4] = [0.4,0,-0.4,0.4]
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \
    for [s=1:4] $Groups using \
    ($2+sx[s]*$3):(mark_y+sy[s]):(dx[s]*$3):(dy[s]) \
    with vectors nohead lw 2 lc rgb "#646567", \
    $Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-19-006.svg]]

| Parameter     | Meaning                                                               |
|---------------+-----------------------------------------------------------------------|
| =sx[4] = 0.5= | Centre the new segment halfway across the scaled bracket.             |
| =dy[4] = 0.4= | Raise the stem by 0.4 measurement units independently of group width. |
| =for [s=1:4]= | Include the added stem in the reusable template.                      |

** PLT-19-007 Widen a group by adding only a row
:PROPERTIES:
:PLOT_ID: PLT-19-007
:CUSTOM_ID: PLT-19-007
:TOPIC: 19 路 Data-driven grouping brackets
:COMPARE_TO: PLT-19-006
:END:

Add J with value 5 to the second group. The commands are unchanged from the previous step: member counts become 3, 3 and 4, the second bracket widens, and the third group shifts right by one slot. Its centred stem and label move with it.

Compare with [[#PLT-19-006][PLT-19-006]].

#+name: plot-PLT-19-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-19-007.svg'
set label 999 'PLT-19-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Bars << EOD
A 4
B 7
C 5

D 3
E 6
J 5

F 8
G 5
H 7
I 4
EOD
set linetype 1 lc rgb "#00549F"
set linetype 2 lc rgb "#57AB27"
set linetype 3 lc rgb "#F6A800"
set linetype 4 lc rgb "#7A6FAC"
# BEGIN EXAMPLE
stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \
    (g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {
    print sprintf('"Group %d" %.1f %d',g,left,members[g])
    left = left + members[g] + 1
}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
array sx[4] = [0,0,1,0.5]
array sy[4] = [-0.4,0,0,0]
array dx[4] = [0,1,0,0]
array dy[4] = [0.4,0,-0.4,0.4]
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \
    for [s=1:4] $Groups using \
    ($2+sx[s]*$3):(mark_y+sy[s]):(dx[s]*$3):(dy[s]) \
    with vectors nohead lw 2 lc rgb "#646567", \
    $Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-19-007.svg]]

| Parameter                      | Meaning                                                                             |
|--------------------------------+-------------------------------------------------------------------------------------|
| =data-only change=             | Adding J 5 before the next blank separator changes the detected second-group width. |
| =unchanged template and loops= | Statistics, offsets, labels and bracket geometry are recomputed from the new rows.  |

** PLT-19-008 Detect an extra group and a new maximum
:PROPERTIES:
:PLOT_ID: PLT-19-008
:CUSTOM_ID: PLT-19-008
:TOPIC: 19 路 Data-driven grouping brackets
:COMPARE_TO: PLT-19-007
:END:

Append a blank separator and a fourth group containing K=12 and L=9. Keep every command unchanged. The detected group count becomes four and its sizes are 3, 3, 4 and 2. The new maximum raises all brackets from y=9 to y=13 and the top of the y range from 11 to 15.

Compare with [[#PLT-19-007][PLT-19-007]].

#+name: plot-PLT-19-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-19-008.svg'
set label 999 'PLT-19-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Bars << EOD
A 4
B 7
C 5

D 3
E 6
J 5

F 8
G 5
H 7
I 4

K 12
L 9
EOD
set linetype 1 lc rgb "#00549F"
set linetype 2 lc rgb "#57AB27"
set linetype 3 lc rgb "#F6A800"
set linetype 4 lc rgb "#7A6FAC"
# BEGIN EXAMPLE
stats $Bars using 2 name "B" nooutput
groups = B_blank + 1
array members[groups]
do for [g=1:groups] { members[g] = 0 }
set table $Plot
plot $Bars using (strcol(1)):2: \
    (g=column(-1)+1, members[g]=members[g]+1, g) with table
unset table
set print $Groups
left = 0.5
do for [g=1:groups] {
    print sprintf('"Group %d" %.1f %d',g,left,members[g])
    left = left + members[g] + 1
}
unset print
mark_y = B_max + 1
set yrange [0:B_max+3]
set boxwidth 0.8
set style fill solid 0.45 border
set border 3
set xtics nomirror
set ytics nomirror
set grid ytics
unset key
set ylabel "Measurement"
array sx[4] = [0,0,1,0.5]
array sy[4] = [-0.4,0,0,0]
array dx[4] = [0,1,0,0]
array dy[4] = [0.4,0,-0.4,0.4]
plot $Plot using ($0+$3):2:3:xtic(1) with boxes lc variable, \
    for [s=1:4] $Groups using \
    ($2+sx[s]*$3):(mark_y+sy[s]):(dx[s]*$3):(dy[s]) \
    with vectors nohead lw 2 lc rgb "#646567", \
    $Groups using ($2+$3/2):(mark_y+0.8):1 with labels center
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-19-008.svg]]

| Parameter              | Meaning                                                                            |
|------------------------+------------------------------------------------------------------------------------|
| =B_blank + 1 = 4=      | A new separator creates another group without editing any loop bound.              |
| =members = 3, 3, 4, 2= | Every bracket width comes from the current row counts.                             |
| =B_max = 12=           | The annotation height and plot range follow the tallest observation automatically. |

* 20 路 Frequency histograms and binning
:PROPERTIES:
:CUSTOM_ID: PLT-20-000
:CHAPTER: 20
:END:

** PLT-20-001 Bin raw observations into counts
:PROPERTIES:
:PLOT_ID: PLT-20-001
:CUSTOM_ID: PLT-20-001
:TOPIC: 20 路 Frequency histograms and binning
:COMPARE_TO:
:END:

Unlike categorical histograms, this recipe first groups numerical observations. Each observation contributes one count to its bin.

#+name: plot-PLT-20-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-20-001.svg'
set label 999 'PLT-20-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
w = 1.0
bin(x) = w*(floor(x/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:6]
set xtics 1
plot $D using (bin($1)):(1) \
     smooth frequency with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-20-001.svg]]

| Parameter          | Meaning                                                                         |
|--------------------+---------------------------------------------------------------------------------|
| =w = 1.0=          | Bin width in data units. Bins are [0,1), [1,2), and so on.                      |
| =floor(x/w)+0.5=   | Round down to a bin index, then add half a bin to plot at its centre.           |
| =smooth frequency= | Sort x values and sum the y contributions at equal x.                           |
| =(1)=              | Every observation contributes a count of one. Expected counts here: 3, 5, 4, 2. |

** PLT-20-002 Halve the bin width
:PROPERTIES:
:PLOT_ID: PLT-20-002
:CUSTOM_ID: PLT-20-002
:TOPIC: 20 路 Frequency histograms and binning
:COMPARE_TO: PLT-20-001
:END:

Narrow bins reveal finer detail but make counts more variable.

Compare with [[#PLT-20-001][PLT-20-001]].

#+name: plot-PLT-20-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-20-002.svg'
set label 999 'PLT-20-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
w = 0.5
bin(x) = w*(floor(x/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:6]
set xtics 1
plot $D using (bin($1)):(1) \
     smooth frequency with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-20-002.svg]]

| Parameter | Meaning                                                                   |
|-----------+---------------------------------------------------------------------------|
| =w = 0.5= | Change both the binning function and bar width through the same variable. |

** PLT-20-003 Leave small gaps between bins
:PROPERTIES:
:PLOT_ID: PLT-20-003
:CUSTOM_ID: PLT-20-003
:TOPIC: 20 路 Frequency histograms and binning
:COMPARE_TO: PLT-20-002
:END:

A small gap makes the separate bins visible without changing their boundaries or counts.

Compare with [[#PLT-20-002][PLT-20-002]].

#+name: plot-PLT-20-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-20-003.svg'
set label 999 'PLT-20-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
w = 0.5
bin(x) = w*(floor(x/w)+0.5)
set boxwidth (0.9*w) absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:6]
set xtics 1
plot $D using (bin($1)):(1) \
     smooth frequency with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-20-003.svg]]

| Parameter | Meaning                                                                                    |
|-----------+--------------------------------------------------------------------------------------------|
| =0.9*w=   | Draw each bar at 90% of the statistical bin width. The bins themselves still have width w. |

** PLT-20-004 Shift the bin boundaries
:PROPERTIES:
:PLOT_ID: PLT-20-004
:CUSTOM_ID: PLT-20-004
:TOPIC: 20 路 Frequency histograms and binning
:COMPARE_TO: PLT-20-001
:END:

Changing the origin can change the apparent pattern. The interval rule stays left-closed and right-open.

Compare with [[#PLT-20-001][PLT-20-001]].

#+name: plot-PLT-20-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-20-004.svg'
set label 999 'PLT-20-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
w = 1.0
origin = -0.5
bin(x) = origin+w*(floor((x-origin)/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [-0.5:4.5]
set yrange [0:6]
set xtics 1
plot $D using (bin($1)):(1) \
     smooth frequency with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-20-004.svg]]

| Parameter       | Meaning                                                                      |
|-----------------+------------------------------------------------------------------------------|
| =origin = -0.5= | Start bins at -0.5, 0.5, 1.5, etc.                                           |
| =(x-origin)/w=  | Measure each observation relative to the chosen origin before rounding down. |

** PLT-20-005 Show probability per bin
:PROPERTIES:
:PLOT_ID: PLT-20-005
:CUSTOM_ID: PLT-20-005
:TOPIC: 20 路 Frequency histograms and binning
:COMPARE_TO: PLT-20-001
:END:

The bar heights now sum to one. This is a relative-frequency histogram.

Compare with [[#PLT-20-001][PLT-20-001]].

#+name: plot-PLT-20-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-20-005.svg'
set label 999 'PLT-20-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
stats $D using 1 nooutput
N = STATS_records
w = 1.0
bin(x) = w*(floor(x/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:0.5]
set xtics 1
plot $D using (bin($1)):(1.0/N) \
     smooth frequency with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-20-005.svg]]

| Parameter            | Meaning                                                 |
|----------------------+---------------------------------------------------------|
| =stats ... nooutput= | Compute summaries without printing a report.            |
| =STATS_records=      | Number of valid observations; save it as N.             |
| =1.0/N=              | Each observation contributes its fraction of the total. |

** PLT-20-006 Make the histogram a density
:PROPERTIES:
:PLOT_ID: PLT-20-006
:CUSTOM_ID: PLT-20-006
:TOPIC: 20 路 Frequency histograms and binning
:COMPARE_TO: PLT-20-005
:END:

For unequal bin widths or changed widths, compare areas rather than heights. These equal-width bars have total area one.

Compare with [[#PLT-20-005][PLT-20-005]].

#+name: plot-PLT-20-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-20-006.svg'
set label 999 'PLT-20-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
stats $D using 1 nooutput
N = STATS_records
w = 0.5
bin(x) = w*(floor(x/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:0.8]
set xtics 1
plot $D using (bin($1)):(1.0/(N*w)) \
     smooth frequency with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-20-006.svg]]

| Parameter           | Meaning                                                                        |
|---------------------+--------------------------------------------------------------------------------|
| =1.0/(N*w)=         | Divide by both observation count and bin width; density has units of 1/x.      |
| =Area = height * w= | Summing the bar areas gives one. Keep full bin widths for this interpretation. |

** PLT-20-007 Display bin shares as percentages
:PROPERTIES:
:PLOT_ID: PLT-20-007
:CUSTOM_ID: PLT-20-007
:TOPIC: 20 路 Frequency histograms and binning
:COMPARE_TO: PLT-20-005
:END:

Formatting changes the labels; multiplying by 100 changes the underlying scale.

Compare with [[#PLT-20-005][PLT-20-005]].

#+name: plot-PLT-20-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-20-007.svg'
set label 999 'PLT-20-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
stats $D using 1 nooutput
N = STATS_records
w = 1.0
bin(x) = w*(floor(x/w)+0.5)
set boxwidth w absolute
set style fill solid 1 border
set xrange [0:4]
set yrange [0:50]
set format y "%.0f%%"
set xtics 1
plot $D using (bin($1)):(100.0/N) \
     smooth frequency with boxes notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-20-007.svg]]

| Parameter | Meaning                                                       |
|-----------+---------------------------------------------------------------|
| =100.0/N= | Each contribution is a percentage point share.                |
| =%.0f%%=  | Append a literal percent sign to rounded integer tick values. |

** PLT-20-008 Show the empirical cumulative distribution
:PROPERTIES:
:PLOT_ID: PLT-20-008
:CUSTOM_ID: PLT-20-008
:TOPIC: 20 路 Frequency histograms and binning
:COMPARE_TO: PLT-20-005
:END:

A cumulative view avoids choosing a bin width. It shows the fraction of observations at or below each observed x.

Compare with [[#PLT-20-005][PLT-20-005]].

#+name: plot-PLT-20-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-20-008.svg'
set label 999 'PLT-20-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0.2
0.4
0.9
1.1
1.2
1.4
1.7
1.9
2.1
2.2
2.4
2.8
3.2
3.7
EOD
set xrange [0:4]
set yrange [0:1]
set ytics 0.25
plot $D using 1:(1) smooth cnormal \
     with steps linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-20-008.svg]]

| Parameter        | Meaning                                                                                                      |
|------------------+--------------------------------------------------------------------------------------------------------------|
| =smooth cnormal= | Sort, accumulate the y contributions, and normalize the final sum to one.                                    |
| =with steps=     | Keep the cumulative level constant until the next observation. The curve is drawn between observed x values. |

* 21 路 Uncertainty, distributions and symbols
:PROPERTIES:
:CUSTOM_ID: PLT-21-000
:CHAPTER: 21
:END:

** PLT-21-001 Add symmetric error bars
:PROPERTIES:
:PLOT_ID: PLT-21-001
:CUSTOM_ID: PLT-21-001
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO:
:END:

The third column specifies a distance above and below the measured value.

#+name: plot-PLT-21-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-001.svg'
set label 999 'PLT-21-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4 0.6
2 6 1.0
3 5 0.4
4 7 0.8
EOD
set xrange [0.5:4.5]
set yrange [2:9]
plot $D using 1:2:3 with yerrorbars \
     pointtype 7 pointsize 1.2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-001.svg]]

| Parameter                     | Meaning                                                                                               |
|-------------------------------+-------------------------------------------------------------------------------------------------------|
| =using 1:2:3=                 | For yerrorbars, the fields mean x, y and symmetric y error.                                           |
| =pointtype 7 / pointsize 1.2= | Filled-circle marker at 1.2 times the terminal's base marker size.                                    |
| =Error interpretation=        | The plot does not determine whether errors are SD, SE or confidence bounds; label the chosen meaning. |

** PLT-21-002 Connect the uncertain measurements
:PROPERTIES:
:PLOT_ID: PLT-21-002
:CUSTOM_ID: PLT-21-002
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-001
:END:

Draw connecting lines as well as the same error bars and markers.

Compare with [[#PLT-21-001][PLT-21-001]].

#+name: plot-PLT-21-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-002.svg'
set label 999 'PLT-21-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4 0.6
2 6 1.0
3 5 0.4
4 7 0.8
EOD
set xrange [0.5:4.5]
set yrange [2:9]
plot $D using 1:2:3 with yerrorlines \
     pointtype 7 pointsize 1.2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-002.svg]]

| Parameter     | Meaning                                                    |
|---------------+------------------------------------------------------------|
| =yerrorlines= | Combine y error bars, points and connecting line segments. |

** PLT-21-003 Use asymmetric bounds
:PROPERTIES:
:PLOT_ID: PLT-21-003
:CUSTOM_ID: PLT-21-003
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-001
:END:

The low and high values are absolute endpoints, not error magnitudes.

Compare with [[#PLT-21-001][PLT-21-001]].

#+name: plot-PLT-21-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-003.svg'
set label 999 'PLT-21-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4 3.4 5.0
2 6 5.0 6.6
3 5 4.6 5.8
4 7 6.2 8.4
EOD
set xrange [0.5:4.5]
set yrange [2:9]
plot $D using 1:2:3:4 with yerrorbars \
     pointtype 7 pointsize 1.2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-003.svg]]

| Parameter        | Meaning                                                                                         |
|------------------+-------------------------------------------------------------------------------------------------|
| =x:y:ylow:yhigh= | Four fields select asymmetric error-bar endpoints. For the first point the range is 3.4 to 5.0. |

** PLT-21-004 Show uncertainty as a ribbon
:PROPERTIES:
:PLOT_ID: PLT-21-004
:CUSTOM_ID: PLT-21-004
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO:
:END:

Two expressions define the lower and upper curves. Draw the translucent band first, then the central line.

#+name: plot-PLT-21-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-004.svg'
set label 999 'PLT-21-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:6.28]
set yrange [-1.5:1.5]
set style fill transparent solid 0.25 noborder
plot '+' using 1:(sin($1)-0.25):(sin($1)+0.25) \
     with filledcurves linecolor rgb "#00549F" \
     title "Band", \
     sin(x) with lines linewidth 3 \
     linecolor rgb "#00549F" title "Centre"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-004.svg]]

| Parameter                | Meaning                                                       |
|--------------------------+---------------------------------------------------------------|
| =using x:lower:upper=    | Fill the region between two y values at every sampled x.      |
| =transparent solid 0.25= | Use 25% opacity, allowing other plot layers to show through.  |
| =Layer order=            | The later central line remains visible above the filled band. |

** PLT-21-005 Summarize groups with boxplots
:PROPERTIES:
:PLOT_ID: PLT-21-005
:CUSTOM_ID: PLT-21-005
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO:
:END:

A boxplot summarizes each group's distribution instead of showing every value as a separate bar.

#+name: plot-PLT-21-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-005.svg'
set label 999 'PLT-21-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
2 3
3 4
4 5
5 5
6 6
7 7
8 8
9 14
EOD
set style fill solid 0.4 border
set boxwidth 0.45 absolute
set style boxplot outliers pointtype 7
set xrange [0.5:2.5]
set yrange [0:16]
set xtics ("A" 1,"B" 2)
plot $D using (1):1 with boxplot notitle, \
     $D using (2):2 with boxplot notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-005.svg]]

| Parameter             | Meaning                                                                                        |
|-----------------------+------------------------------------------------------------------------------------------------|
| =using (1):1 / (2):2= | Place values from column 1 at x=1 and values from column 2 at x=2.                             |
| =with boxplot=        | Show median, quartiles, whiskers and any selected outliers.                                    |
| =Default whiskers=    | Extend to observations within 1.5 interquartile ranges of the box; points beyond are outliers. |

** PLT-21-006 Change the boxplot whisker rule
:PROPERTIES:
:PLOT_ID: PLT-21-006
:CUSTOM_ID: PLT-21-006
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-005
:END:

A range of 0.25 makes the outlier threshold much tighter. The median and quartiles do not change.

Compare with [[#PLT-21-005][PLT-21-005]].

#+name: plot-PLT-21-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-006.svg'
set label 999 'PLT-21-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
2 3
3 4
4 5
5 5
6 6
7 7
8 8
9 14
EOD
set style fill solid 0.4 border
set boxwidth 0.45 absolute
set style boxplot range 0.25 outliers pointtype 7
set xrange [0.5:2.5]
set yrange [0:16]
set xtics ("A" 1,"B" 2)
plot $D using (1):1 with boxplot notitle, \
     $D using (2):2 with boxplot notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-006.svg]]

| Parameter    | Meaning                                                                                                                      |
|--------------+------------------------------------------------------------------------------------------------------------------------------|
| =range 0.25= | Limit whiskers to observations within a quarter interquartile range beyond the nearer quartile; more points become outliers. |

** PLT-21-007 Encode a third quantity as bubble area
:PROPERTIES:
:PLOT_ID: PLT-21-007
:CUSTOM_ID: PLT-21-007
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO:
:END:

Point size controls a linear marker dimension. Taking the square root makes marker area proportional to the chosen value.

#+name: plot-PLT-21-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-007.svg'
set label 999 'PLT-21-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 2 1
2 4 4
3 3 9
4 5 16
EOD
set xrange [0:5]
set yrange [0:6]
plot $D using 1:2:(sqrt($3)) with points \
     pointtype 7 pointsize variable \
     linecolor rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-007.svg]]

| Parameter            | Meaning                                                                                  |
|----------------------+------------------------------------------------------------------------------------------|
| =sqrt($3)=           | Convert an area quantity to a radius/diameter scale.                                     |
| =pointsize variable= | Read the marker-size multiplier from the third plotting field.                           |
| =Comparability=      | Use one scale factor throughout the chart; the numerical sizes remain terminal-relative. |

** PLT-21-008 Draw vectors from component data
:PROPERTIES:
:PLOT_ID: PLT-21-008
:CUSTOM_ID: PLT-21-008
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO:
:END:

The last two columns are displacements, so arrows can represent direction and magnitude.

#+name: plot-PLT-21-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-008.svg'
set label 999 'PLT-21-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 0 1 0.5
1 0 0.5 1
0 1 -0.5 0.5
1 1 -0.8 -0.4
EOD
set xrange [-1:2]
set yrange [-0.5:2]
set size ratio -1
plot $D using 1:2:3:4 with vectors \
     head filled size screen 0.02,20,60 \
     linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-008.svg]]

| Parameter                | Meaning                                                                             |
|--------------------------+-------------------------------------------------------------------------------------|
| =x:y:dx:dy=              | Arrow starts at (x,y) and ends at (x+dx,y+dy).                                      |
| =head filled=            | Add a filled arrowhead at the end.                                                  |
| =size screen 0.02,20,60= | Head length is 2% of canvas width; head-side and back angles are 20 and 60 degrees. |

** PLT-21-009 Begin a price chart with closing values
:PROPERTIES:
:PLOT_ID: PLT-21-009
:CUSTOM_ID: PLT-21-009
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO:
:END:

Six fictional sessions contain session, open, low, high and close columns. Begin with closing values; later steps reveal information this line cannot show.

#+name: plot-PLT-21-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-009.svg'
set label 999 'PLT-21-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$Prices << EOD
1 101 99 106 104
2 104 102 108 103
3 103 101 109 107
4 107 104 110 105
5 105 103 112 110
6 110 106 113 108
EOD
set xrange [0.4:6.6]
set yrange [97:115]
set xlabel "Session"
set ylabel "Synthetic price"
set xtics 1
set grid ytics
set key top left
plot $Prices using 1:5 with linespoints lw 2 pt 7 lc rgb "#00549F" title "Close"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-009.svg]]

| Parameter   | Meaning                                                    |
|-------------+------------------------------------------------------------|
| =using 1:5= | Select session and close; columns 2鈥�are not yet plotted. |
| =$Prices=   | Synthetic OHLC data: low is below both open and close.     |

** PLT-21-010 Show open, close, low and high as candlesticks
:PROPERTIES:
:PLOT_ID: PLT-21-010
:CUSTOM_ID: PLT-21-010
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-009
:END:

Replace the closing line with candle bodies and wicks. The box spans open to close; the wick spans low to high. Empty fill gives the conventional open/close-dependent hollow or solid body.

Compare with [[#PLT-21-009][PLT-21-009]].

#+name: plot-PLT-21-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-010.svg'
set label 999 'PLT-21-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Prices << EOD
1 101 99 106 104
2 104 102 108 103
3 103 101 109 107
4 107 104 110 105
5 105 103 112 110
6 110 106 113 108
EOD
# BEGIN EXAMPLE
set xrange [0.4:6.6]
set yrange [97:115]
set xlabel "Session"
set ylabel "Synthetic price"
set xtics 1
set grid ytics
set key top left
set boxwidth 0.55 absolute
set style fill empty
plot $Prices using 1:2:3:4:5 with candlesticks lw 2 lc rgb "#00549F" title "Open / close; low / high"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-010.svg]]

| Parameter                | Meaning                               |
|--------------------------+---------------------------------------|
| =using 1:2:3:4:5=        | Order is x, open, low, high, close.   |
| =boxwidth 0.55 absolute= | Set body width in session-axis units. |

** PLT-21-011 Narrow the candlestick bodies
:PROPERTIES:
:PLOT_ID: PLT-21-011
:CUSTOM_ID: PLT-21-011
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-010
:END:

Change only the body width. Narrower rectangles leave more space between sessions without changing any price or wick length.

Compare with [[#PLT-21-010][PLT-21-010]].

#+name: plot-PLT-21-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-011.svg'
set label 999 'PLT-21-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Prices << EOD
1 101 99 106 104
2 104 102 108 103
3 103 101 109 107
4 107 104 110 105
5 105 103 112 110
6 110 106 113 108
EOD
# BEGIN EXAMPLE
set xrange [0.4:6.6]
set yrange [97:115]
set xlabel "Session"
set ylabel "Synthetic price"
set xtics 1
set grid ytics
set key top left
set boxwidth 0.28 absolute
set style fill empty
plot $Prices using 1:2:3:4:5 with candlesticks lw 2 lc rgb "#00549F" title "Open / close; low / high"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-011.svg]]

| Parameter                | Meaning                                        |
|--------------------------+------------------------------------------------|
| =boxwidth 0.28 absolute= | Only the horizontal candle body width changes. |

** PLT-21-012 Colour rising and falling sessions from the data
:PROPERTIES:
:PLOT_ID: PLT-21-012
:CUSTOM_ID: PLT-21-012
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-011
:END:

Compute an RGB colour per candle and use solid fill. RWTH turquoise means close is at least open; RWTH orange means close is below open. Colours update from the data rather than a session-number list.

Compare with [[#PLT-21-011][PLT-21-011]].

#+name: plot-PLT-21-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-012.svg'
set label 999 'PLT-21-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Prices << EOD
1 101 99 106 104
2 104 102 108 103
3 103 101 109 107
4 107 104 110 105
5 105 103 112 110
6 110 106 113 108
EOD
# BEGIN EXAMPLE
set xrange [0.4:6.6]
set yrange [97:115]
set xlabel "Session"
set ylabel "Synthetic price"
set xtics 1
set grid ytics
set key top left
set boxwidth 0.28 absolute
set style fill solid 0.75 border
plot $Prices using 1:2:3:4:5:($5 >= $2 ? 0x0098A1 : 0xF6A800) \
    with candlesticks lw 2 lc rgb variable title "Green: rise; orange: fall"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-012.svg]]

| Parameter         | Meaning                                               |
|-------------------+-------------------------------------------------------|
| =$5 >= $2=        | Compare each close with its opening value.            |
| =lc rgb variable= | Read a packed RGB colour from the extra using column. |

** PLT-21-013 Annotate the automatically detected high and low
:PROPERTIES:
:PLOT_ID: PLT-21-013
:CUSTOM_ID: PLT-21-013
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-012
:END:

Compute extrema before setting ranges. Use each returned record index to retrieve the correct session. Change an OHLC row and both labels move automatically.

Compare with [[#PLT-21-012][PLT-21-012]].

#+name: plot-PLT-21-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-013.svg'
set label 999 'PLT-21-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Prices << EOD
1 101 99 106 104
2 104 102 108 103
3 103 101 109 107
4 107 104 110 105
5 105 103 112 110
6 110 106 113 108
EOD
# BEGIN EXAMPLE
stats $Prices using 3 name "Low" nooutput
stats $Prices using 4 name "High" nooutput
set table $LowPoint
plot $Prices every ::Low_index_min::Low_index_min using 1:3 with table
unset table
set table $HighPoint
plot $Prices every ::High_index_max::High_index_max using 1:4 with table
unset table
set xrange [0.4:6.6]
set yrange [97:115]
set xlabel "Session"
set ylabel "Synthetic price"
set xtics 1
set grid ytics
set key top left
set boxwidth 0.28 absolute
set style fill solid 0.75 border
plot $Prices using 1:2:3:4:5:($5 >= $2 ? 0x0098A1 : 0xF6A800) \
    with candlesticks lw 2 lc rgb variable title "Session range", \
    $LowPoint using 1:2:(sprintf("Low %.0f",Low_min)) \
    with labels offset 0,-1 tc rgb "#0098A1" notitle, \
    $HighPoint using 1:2:(sprintf("High %.0f",High_max)) \
    with labels offset 0,1 tc rgb "#F6A800" notitle
print sprintf("OHLC: low=%.0f row=%d high=%.0f row=%d",Low_min,Low_index_min,High_max,High_index_max)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-013.svg]]

| Parameter                       | Meaning                                                |
|---------------------------------+--------------------------------------------------------|
| =stats ... name "Low" / "High"= | Find extrema and their zero-based record indices.      |
| =every ::index::index=          | Select the record containing an extreme.               |
| =set table=                     | Capture selected coordinates for the labelled overlay. |

** PLT-21-014 See why repeated points hide observations
:PROPERTIES:
:PLOT_ID: PLT-21-014
:CUSTOM_ID: PLT-21-014
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO:
:END:

Two fictional methods have nine duration measurements each, including repeats. Identical points overlap exactly. All eighteen rows remain in the full Bash fixture; only eight distinct positions are visible.

#+name: plot-PLT-21-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-014.svg'
set label 999 'PLT-21-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Times << EOD
1 3
1 3
1 3
1 4
1 4
1 4
1 5
1 5
1 6
2 4
2 4
2 5
2 5
2 5
2 5
2 6
2 6
2 7
EOD
# BEGIN EXAMPLE
set xrange [0.4:2.6]
set yrange [2.2:7.8]
set xtics ("Method A" 1,"Method B" 2)
set ylabel "Duration (minutes)"
set grid ytics
unset key
plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-014.svg]]

| Parameter              | Meaning                                               |
|------------------------+-------------------------------------------------------|
| =repeated rows=        | Separate observations can share the same coordinates. |
| =complete Bash script= | Open it to see all eighteen measurements.             |

** PLT-21-015 Separate overlapping observations with jitter
:PROPERTIES:
:PLOT_ID: PLT-21-015
:CUSTOM_ID: PLT-21-015
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-014
:END:

Enable bee-swarm arrangement. gnuplot displaces overlapping symbols horizontally while retaining their duration coordinates. Horizontal spread is a drawing aid, not measurement uncertainty.

Compare with [[#PLT-21-014][PLT-21-014]].

#+name: plot-PLT-21-015
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-015.svg'
set label 999 'PLT-21-015' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Times << EOD
1 3
1 3
1 3
1 4
1 4
1 4
1 5
1 5
1 6
2 4
2 4
2 5
2 5
2 5
2 5
2 6
2 6
2 7
EOD
# BEGIN EXAMPLE
set xrange [0.4:2.6]
set yrange [2.2:7.8]
set xtics ("Method A" 1,"Method B" 2)
set ylabel "Duration (minutes)"
set grid ytics
unset key
set jitter swarm
plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-015.svg]]

| Parameter                 | Meaning                                           |
|---------------------------+---------------------------------------------------|
| =set jitter swarm=        | Separate symbols along x; preserve every y value. |
| =horizontal displacement= | A layout effect, not additional observed data.    |

** PLT-21-016 Increase the swarm separation
:PROPERTIES:
:PLOT_ID: PLT-21-016
:CUSTOM_ID: PLT-21-016
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-015
:END:

Change only the spread multiplier to make duplicates easier to count. Default spacing uses terminal character size, so appearance depends on font and canvas dimensions.

Compare with [[#PLT-21-015][PLT-21-015]].

#+name: plot-PLT-21-016
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-016.svg'
set label 999 'PLT-21-016' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Times << EOD
1 3
1 3
1 3
1 4
1 4
1 4
1 5
1 5
1 6
2 4
2 4
2 5
2 5
2 5
2 5
2 6
2 6
2 7
EOD
# BEGIN EXAMPLE
set xrange [0.4:2.6]
set yrange [2.2:7.8]
set xtics ("Method A" 1,"Method B" 2)
set ylabel "Duration (minutes)"
set grid ytics
unset key
set jitter swarm spread 1.8
plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-016.svg]]

| Parameter                  | Meaning                                            |
|----------------------------+----------------------------------------------------|
| =spread 1.8=               | Scale horizontal symbol displacement.              |
| =terminal character units= | Font or canvas changes can alter swarm appearance. |

** PLT-21-017 Limit horizontal displacement with wrap
:PROPERTIES:
:PLOT_ID: PLT-21-017
:CUSTOM_ID: PLT-21-017
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-016
:END:

Keep the larger spacing but bound the swarm width. Wrapping can reintroduce crowding in dense groups; inspect the result rather than assuming every symbol stays isolated.

Compare with [[#PLT-21-016][PLT-21-016]].

#+name: plot-PLT-21-017
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-017.svg'
set label 999 'PLT-21-017' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Times << EOD
1 3
1 3
1 3
1 4
1 4
1 4
1 5
1 5
1 6
2 4
2 4
2 5
2 5
2 5
2 5
2 6
2 6
2 7
EOD
# BEGIN EXAMPLE
set xrange [0.4:2.6]
set yrange [2.2:7.8]
set xtics ("Method A" 1,"Method B" 2)
set ylabel "Duration (minutes)"
set grid ytics
unset key
set jitter swarm spread 1.8 wrap 3
plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-017.svg]]

| Parameter | Meaning                                           |
|-----------+---------------------------------------------------|
| =wrap 3=  | Limit horizontal displacement in character units. |

** PLT-21-018 Overlay automatically computed group means
:PROPERTIES:
:PLOT_ID: PLT-21-018
:CUSTOM_ID: PLT-21-018
:TOPIC: 21 路 Uncertainty, distributions and symbols
:COMPARE_TO: PLT-21-017
:END:

Calculate each method鈥檚 mean, then overlay a labelled summary. Individual points retain their original y values. Each summary clause has only one point per group, so its mean markers have no overlapping peers to displace.

Compare with [[#PLT-21-017][PLT-21-017]].

#+name: plot-PLT-21-018
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-21-018.svg'
set label 999 'PLT-21-018' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Times << EOD
1 3
1 3
1 3
1 4
1 4
1 4
1 5
1 5
1 6
2 4
2 4
2 5
2 5
2 5
2 5
2 6
2 6
2 7
EOD
# BEGIN EXAMPLE
stats $Times using ($1==1 ? $2 : 1/0) name "A" nooutput
stats $Times using ($1==2 ? $2 : 1/0) name "B" nooutput
set print $Means
print sprintf("1 %.8f",A_mean)
print sprintf("2 %.8f",B_mean)
set print
set xrange [0.4:2.6]
set yrange [2.2:7.8]
set xtics ("Method A" 1,"Method B" 2)
set ylabel "Duration (minutes)"
set grid ytics
unset key
set jitter swarm spread 1.8 wrap 3
plot $Times using 1:2 with points pt 7 ps 1.6 lc rgb "#00549F", \
    $Means using 1:2 with points pt 2 ps 2.4 lw 3 \
    lc rgb "#F6A800" title "Mean", \
    $Means using 1:2:(sprintf("mean %.2f",$2)) with labels \
    offset 6,0 tc rgb "#F6A800" notitle
print sprintf("swarm means: A=%.8f B=%.8f",A_mean,B_mean)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-21-018.svg]]

| Parameter              | Meaning                                                                     |
|------------------------+-----------------------------------------------------------------------------|
| =stats ... ? $2 : 1/0= | Select each group before calculating its mean.                              |
| =one mean per group=   | The summary clause has no overlapping peers, so its markers remain centred. |
| =$Means=               | Create a computed two-row summary table.                                    |


* 22 路 Scatter plots and PCA
:PROPERTIES:
:CUSTOM_ID: PLT-22-000
:CHAPTER: 22
:END:

Principal component analysis (PCA) projects multivariate observations onto component axes. The scatter examples below reproduce the six reviewed previews: scores, group styles, sample labels, group-spread ellipses, continuous colour and a biplot. PCA and covariance calculations precede plotting; the scripts consume prepared values and introduce no new runtime dependencies.

The common fixture contains 54 synthetic samples in three groups and four original variables (Length, Width, Mass and Density). Each original variable was centred and divided by its sample standard deviation, then one PCA was calculated across all samples. The explained variance percentages are 58.7086, 40.2757, 0.7123 and 0.3035. The complete Bash blocks include all score rows; the concise reading view shows their plotting commands. Column order is PC1, PC2, PC3, group number, original mass and sample identifier. Ellipses are descriptive two-standard-deviation contours, and biplot arrows show variable-PC correlations with an explicit display multiplier.

** PLT-22-001 Plot prepared PCA scores
:PROPERTIES:
:PLOT_ID: PLT-22-001
:CUSTOM_ID: PLT-22-001
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO:
:END:

Plot PC1 against PC2 for 54 synthetic samples. PCA was calculated from four centred, standardised variables before plotting; the axis percentages report its explained variance. The prepared score table is included in the complete Bash block, so this example runs with gnuplot alone.

#+name: plot-PLT-22-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1000,760 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-001.svg'
set label 999 'PLT-22-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# Prepared PCA scores: PC1 PC2 PC3 group mass sample_ID.
# 54 synthetic samples; pooled PCA after centring and sample-SD scaling.
# Explained variance: 58.7086%, 40.2757%, 0.7123%, 0.3035%.
$Scores << EOD
-1.630116675 -0.895110842 -0.316716277 1 170.899181 "A01"
-1.622197828 -1.883340434 -0.092886733 1 177.198198 "A02"
-0.771020672 -1.622138448 -0.115922645 1 191.844301 "A03"
-1.262539471 -1.799167187 0.167902277 1 188.485167 "A04"
-1.073170083 -1.620588258 0.327631720 1 192.727199 "A05"
-0.880738658 -0.622773831 0.272391896 1 192.190320 "A06"
-1.459818670 -1.696968541 -0.188176351 1 180.246222 "A07"
-1.232608940 -0.506279944 -0.135133751 1 181.487537 "A08"
-1.349355735 -1.085545787 -0.052450316 1 181.834100 "A09"
-2.320677811 -1.913603102 0.088571927 1 168.530548 "A10"
-0.350959811 -0.762987648 0.314461279 1 201.526882 "A11"
-0.950428302 -0.581458969 -0.056718148 1 185.492167 "A12"
0.004447526 -2.081277849 -0.284355226 1 205.253082 "A13"
-1.979704633 -0.982197422 0.243369402 1 173.171871 "A14"
-2.206738191 0.047265180 -0.071222239 1 164.082817 "A15"
-0.942521561 -1.988185623 0.019962897 1 192.919631 "A16"
-1.351086695 -1.236977707 0.045408486 1 184.514051 "A17"
-1.312015368 -0.206697455 -0.346444835 1 172.820567 "A18"
-1.118281089 1.260976709 0.041630458 2 176.843175 "B01"
-1.630311677 0.483878254 -0.036554692 2 171.429259 "B02"
-0.499048268 0.782515075 -0.135304424 2 187.795362 "B03"
-0.882457419 0.567008519 0.350840728 2 190.074853 "B04"
-1.280544165 0.705066562 -0.055833110 2 175.007364 "B05"
-0.235679675 1.062330394 -0.162871266 2 193.228023 "B06"
-0.431944243 2.181705480 0.026101677 2 189.805553 "B07"
0.090166480 1.972969090 0.283799707 2 202.893517 "B08"
-0.877642082 2.756682647 0.261814251 2 184.980812 "B09"
-0.969016322 2.501590575 -0.174427575 2 175.466700 "B10"
0.295657207 1.891855759 -0.197951617 2 199.640132 "B11"
-1.128206871 1.544646657 -0.166264177 2 176.568260 "B12"
-1.532155416 1.172641314 -0.126966494 2 168.769552 "B13"
-0.154493134 0.846669217 0.095497491 2 201.714620 "B14"
0.174830092 2.203185992 -0.086653831 2 196.001900 "B15"
-0.579196984 1.417160451 -0.074770203 2 188.832537 "B16"
-0.594406516 1.682520797 0.056548600 2 187.268965 "B17"
-0.177167204 1.162527239 0.088529843 2 194.094849 "B18"
3.154976759 -0.652073643 -0.059491729 3 258.842716 "C01"
1.339439912 0.016632768 -0.114146060 3 220.396944 "C02"
1.079755839 -0.207034145 0.288662381 3 225.374833 "C03"
2.075359866 -0.394979748 0.088642068 3 238.355610 "C04"
1.621943362 -0.251996078 -0.055802077 3 232.708631 "C05"
3.084293612 -1.073725254 -0.212959933 3 256.412286 "C06"
2.208480536 0.579590023 -0.101825413 3 237.910867 "C07"
0.833174750 0.023587243 0.124689570 3 217.837421 "C08"
2.077444818 0.454464663 0.072951882 3 239.943217 "C09"
0.936427838 -1.548210802 0.099509242 3 223.237463 "C10"
3.139943126 -0.907428328 -0.104902616 3 257.708751 "C11"
2.765594926 0.087604200 -0.081884586 3 245.893583 "C12"
1.363107274 -0.002619051 -0.039163534 3 224.125432 "C13"
2.790364497 -0.315913188 0.154304722 3 251.829739 "C14"
0.476841477 0.455293202 0.013073186 3 205.134332 "C15"
1.738562625 -0.100387404 -0.043280643 3 233.712130 "C16"
1.492134459 -0.254377757 -0.010953276 3 230.031234 "C17"
2.043303184 -0.666323566 0.175738086 3 241.175330 "C18"
EOD
# BEGIN EXAMPLE
set border 3 lw 1.2 lc rgb "#9C9E9F"
set tics nomirror out
set grid back lc rgb "#ECEDED"
set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set size ratio -1
set xrange [-4:4]
set yrange [-3.2:3.2]
set xlabel "PC1 (58.7% explained variance)"
set ylabel "PC2 (40.3%)"
unset key
plot $Scores using 1:2 with points pt 7 ps 1.25 lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-001.svg]]

| Parameter                  | Meaning                                                                                               |
|----------------------------+-------------------------------------------------------------------------------------------------------|
| =$Scores using 1:2=        | Read the first two component scores from the inline table in the complete Bash block.                 |
| =with points pt 7 ps 1.25= | Draw separate circular observations without joining them.                                             |
| =58.7% / 40.3%=            | Variance explained by PC1 and PC2, computed during PCA; gnuplot does not calculate these percentages. |
| =size ratio -1; zeroaxes=  | Keep equal score units in both directions and show where each component score is zero.                |

** PLT-22-002 Distinguish PCA groups by colour and symbol
:PROPERTIES:
:PLOT_ID: PLT-22-002
:CUSTOM_ID: PLT-22-002
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-001
:END:

Use three colours and three shapes to distinguish the sample groups. Group labels describe the observations; all samples share the same PCA transformation. The complete Bash block includes the same 54 prepared score rows as PLT-22-001.

Compare with [[#PLT-22-001][PLT-22-001]].

#+name: plot-PLT-22-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1000,760 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-002.svg'
set label 999 'PLT-22-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# Prepared PCA scores: PC1 PC2 PC3 group mass sample_ID.
# 54 synthetic samples; pooled PCA after centring and sample-SD scaling.
# Explained variance: 58.7086%, 40.2757%, 0.7123%, 0.3035%.
$Scores << EOD
-1.630116675 -0.895110842 -0.316716277 1 170.899181 "A01"
-1.622197828 -1.883340434 -0.092886733 1 177.198198 "A02"
-0.771020672 -1.622138448 -0.115922645 1 191.844301 "A03"
-1.262539471 -1.799167187 0.167902277 1 188.485167 "A04"
-1.073170083 -1.620588258 0.327631720 1 192.727199 "A05"
-0.880738658 -0.622773831 0.272391896 1 192.190320 "A06"
-1.459818670 -1.696968541 -0.188176351 1 180.246222 "A07"
-1.232608940 -0.506279944 -0.135133751 1 181.487537 "A08"
-1.349355735 -1.085545787 -0.052450316 1 181.834100 "A09"
-2.320677811 -1.913603102 0.088571927 1 168.530548 "A10"
-0.350959811 -0.762987648 0.314461279 1 201.526882 "A11"
-0.950428302 -0.581458969 -0.056718148 1 185.492167 "A12"
0.004447526 -2.081277849 -0.284355226 1 205.253082 "A13"
-1.979704633 -0.982197422 0.243369402 1 173.171871 "A14"
-2.206738191 0.047265180 -0.071222239 1 164.082817 "A15"
-0.942521561 -1.988185623 0.019962897 1 192.919631 "A16"
-1.351086695 -1.236977707 0.045408486 1 184.514051 "A17"
-1.312015368 -0.206697455 -0.346444835 1 172.820567 "A18"
-1.118281089 1.260976709 0.041630458 2 176.843175 "B01"
-1.630311677 0.483878254 -0.036554692 2 171.429259 "B02"
-0.499048268 0.782515075 -0.135304424 2 187.795362 "B03"
-0.882457419 0.567008519 0.350840728 2 190.074853 "B04"
-1.280544165 0.705066562 -0.055833110 2 175.007364 "B05"
-0.235679675 1.062330394 -0.162871266 2 193.228023 "B06"
-0.431944243 2.181705480 0.026101677 2 189.805553 "B07"
0.090166480 1.972969090 0.283799707 2 202.893517 "B08"
-0.877642082 2.756682647 0.261814251 2 184.980812 "B09"
-0.969016322 2.501590575 -0.174427575 2 175.466700 "B10"
0.295657207 1.891855759 -0.197951617 2 199.640132 "B11"
-1.128206871 1.544646657 -0.166264177 2 176.568260 "B12"
-1.532155416 1.172641314 -0.126966494 2 168.769552 "B13"
-0.154493134 0.846669217 0.095497491 2 201.714620 "B14"
0.174830092 2.203185992 -0.086653831 2 196.001900 "B15"
-0.579196984 1.417160451 -0.074770203 2 188.832537 "B16"
-0.594406516 1.682520797 0.056548600 2 187.268965 "B17"
-0.177167204 1.162527239 0.088529843 2 194.094849 "B18"
3.154976759 -0.652073643 -0.059491729 3 258.842716 "C01"
1.339439912 0.016632768 -0.114146060 3 220.396944 "C02"
1.079755839 -0.207034145 0.288662381 3 225.374833 "C03"
2.075359866 -0.394979748 0.088642068 3 238.355610 "C04"
1.621943362 -0.251996078 -0.055802077 3 232.708631 "C05"
3.084293612 -1.073725254 -0.212959933 3 256.412286 "C06"
2.208480536 0.579590023 -0.101825413 3 237.910867 "C07"
0.833174750 0.023587243 0.124689570 3 217.837421 "C08"
2.077444818 0.454464663 0.072951882 3 239.943217 "C09"
0.936427838 -1.548210802 0.099509242 3 223.237463 "C10"
3.139943126 -0.907428328 -0.104902616 3 257.708751 "C11"
2.765594926 0.087604200 -0.081884586 3 245.893583 "C12"
1.363107274 -0.002619051 -0.039163534 3 224.125432 "C13"
2.790364497 -0.315913188 0.154304722 3 251.829739 "C14"
0.476841477 0.455293202 0.013073186 3 205.134332 "C15"
1.738562625 -0.100387404 -0.043280643 3 233.712130 "C16"
1.492134459 -0.254377757 -0.010953276 3 230.031234 "C17"
2.043303184 -0.666323566 0.175738086 3 241.175330 "C18"
EOD
# BEGIN EXAMPLE
set border 3 lw 1.2 lc rgb "#9C9E9F"
set tics nomirror out
set grid back lc rgb "#ECEDED"
set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set size ratio -1
set xrange [-4:4]
set yrange [-3.2:3.2]
set xlabel "PC1 (58.7% explained variance)"
set ylabel "PC2 (40.3%)"
set style line 1 lc rgb "#00549F" pt 7 ps 1.25
set style line 2 lc rgb "#F6A800" pt 5 ps 1.25
set style line 3 lc rgb "#0098A1" pt 9 ps 1.25
set key top right font ",16" opaque
plot for [g=1:3] $Scores using ($4==g ? $1 : 1/0):2 \
    with points ls g title word("Group-A Group-B Group-C",g)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-002.svg]]

| Parameter                 | Meaning                                                                      |
|---------------------------+------------------------------------------------------------------------------|
| =$4==g ? $1 : 1/0=        | Plot the PC1 coordinate only for rows belonging to group g; skip other rows. |
| =ls g=                    | Use the matching colour, point symbol and size from a numbered line style.   |
| =word(...,g); key opaque= | Name each group and give its legend a white background.                      |

** PLT-22-003 Label selected PCA samples
:PROPERTIES:
:PLOT_ID: PLT-22-003
:CUSTOM_ID: PLT-22-003
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-002
:END:

Label one selected sample near the top of each group. Selective annotation keeps the scatter readable. The complete Bash block contains both the 54 score rows and the three matching label positions.

Compare with [[#PLT-22-002][PLT-22-002]].

#+name: plot-PLT-22-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1000,760 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-003.svg'
set label 999 'PLT-22-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# Prepared PCA scores: PC1 PC2 PC3 group mass sample_ID.
# 54 synthetic samples; pooled PCA after centring and sample-SD scaling.
# Explained variance: 58.7086%, 40.2757%, 0.7123%, 0.3035%.
$Scores << EOD
-1.630116675 -0.895110842 -0.316716277 1 170.899181 "A01"
-1.622197828 -1.883340434 -0.092886733 1 177.198198 "A02"
-0.771020672 -1.622138448 -0.115922645 1 191.844301 "A03"
-1.262539471 -1.799167187 0.167902277 1 188.485167 "A04"
-1.073170083 -1.620588258 0.327631720 1 192.727199 "A05"
-0.880738658 -0.622773831 0.272391896 1 192.190320 "A06"
-1.459818670 -1.696968541 -0.188176351 1 180.246222 "A07"
-1.232608940 -0.506279944 -0.135133751 1 181.487537 "A08"
-1.349355735 -1.085545787 -0.052450316 1 181.834100 "A09"
-2.320677811 -1.913603102 0.088571927 1 168.530548 "A10"
-0.350959811 -0.762987648 0.314461279 1 201.526882 "A11"
-0.950428302 -0.581458969 -0.056718148 1 185.492167 "A12"
0.004447526 -2.081277849 -0.284355226 1 205.253082 "A13"
-1.979704633 -0.982197422 0.243369402 1 173.171871 "A14"
-2.206738191 0.047265180 -0.071222239 1 164.082817 "A15"
-0.942521561 -1.988185623 0.019962897 1 192.919631 "A16"
-1.351086695 -1.236977707 0.045408486 1 184.514051 "A17"
-1.312015368 -0.206697455 -0.346444835 1 172.820567 "A18"
-1.118281089 1.260976709 0.041630458 2 176.843175 "B01"
-1.630311677 0.483878254 -0.036554692 2 171.429259 "B02"
-0.499048268 0.782515075 -0.135304424 2 187.795362 "B03"
-0.882457419 0.567008519 0.350840728 2 190.074853 "B04"
-1.280544165 0.705066562 -0.055833110 2 175.007364 "B05"
-0.235679675 1.062330394 -0.162871266 2 193.228023 "B06"
-0.431944243 2.181705480 0.026101677 2 189.805553 "B07"
0.090166480 1.972969090 0.283799707 2 202.893517 "B08"
-0.877642082 2.756682647 0.261814251 2 184.980812 "B09"
-0.969016322 2.501590575 -0.174427575 2 175.466700 "B10"
0.295657207 1.891855759 -0.197951617 2 199.640132 "B11"
-1.128206871 1.544646657 -0.166264177 2 176.568260 "B12"
-1.532155416 1.172641314 -0.126966494 2 168.769552 "B13"
-0.154493134 0.846669217 0.095497491 2 201.714620 "B14"
0.174830092 2.203185992 -0.086653831 2 196.001900 "B15"
-0.579196984 1.417160451 -0.074770203 2 188.832537 "B16"
-0.594406516 1.682520797 0.056548600 2 187.268965 "B17"
-0.177167204 1.162527239 0.088529843 2 194.094849 "B18"
3.154976759 -0.652073643 -0.059491729 3 258.842716 "C01"
1.339439912 0.016632768 -0.114146060 3 220.396944 "C02"
1.079755839 -0.207034145 0.288662381 3 225.374833 "C03"
2.075359866 -0.394979748 0.088642068 3 238.355610 "C04"
1.621943362 -0.251996078 -0.055802077 3 232.708631 "C05"
3.084293612 -1.073725254 -0.212959933 3 256.412286 "C06"
2.208480536 0.579590023 -0.101825413 3 237.910867 "C07"
0.833174750 0.023587243 0.124689570 3 217.837421 "C08"
2.077444818 0.454464663 0.072951882 3 239.943217 "C09"
0.936427838 -1.548210802 0.099509242 3 223.237463 "C10"
3.139943126 -0.907428328 -0.104902616 3 257.708751 "C11"
2.765594926 0.087604200 -0.081884586 3 245.893583 "C12"
1.363107274 -0.002619051 -0.039163534 3 224.125432 "C13"
2.790364497 -0.315913188 0.154304722 3 251.829739 "C14"
0.476841477 0.455293202 0.013073186 3 205.134332 "C15"
1.738562625 -0.100387404 -0.043280643 3 233.712130 "C16"
1.492134459 -0.254377757 -0.010953276 3 230.031234 "C17"
2.043303184 -0.666323566 0.175738086 3 241.175330 "C18"
EOD
$Labels << EOD
-2.206738191148466 0.04726518006315411 "A15"
-0.8776420816045141 2.7566826472742143 "B09"
2.208480535553139 0.5795900226895143 "C07"
EOD
# BEGIN EXAMPLE
set border 3 lw 1.2 lc rgb "#9C9E9F"
set tics nomirror out
set grid back lc rgb "#ECEDED"
set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set size ratio -1
set xrange [-4:4]
set yrange [-3.2:3.2]
set xlabel "PC1 (58.7% explained variance)"
set ylabel "PC2 (40.3%)"
set style line 1 lc rgb "#00549F" pt 7 ps 1.25
set style line 2 lc rgb "#F6A800" pt 5 ps 1.25
set style line 3 lc rgb "#0098A1" pt 9 ps 1.25
set key top right font ",16" opaque
plot for [g=1:3] $Scores using ($4==g ? $1 : 1/0):2 \
    with points ls g title word("Group-A Group-B Group-C",g), \
    $Labels using 1:2:3 with labels offset 0,1 \
    font ",16" textcolor rgb "#646567" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-003.svg]]

| Parameter                | Meaning                                                     |
|--------------------------+-------------------------------------------------------------|
| =$Labels using 1:2:3=    | Read the selected PC1, PC2 and quoted sample identifier.    |
| =with labels offset 0,1= | Place each identifier one character-height above its point. |
| =notitle=                | Keep annotation text out of the group legend.               |

** PLT-22-004 Draw PCA group-spread ellipses
:PROPERTIES:
:PLOT_ID: PLT-22-004
:CUSTOM_ID: PLT-22-004
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-002
:END:

These ellipses describe group spread, with semiaxes of two sample standard deviations along each group covariance eigenvector. They are not confidence regions for a group mean. Their centres, diameters and angles were prepared from the scores and are included in the complete Bash block.

Compare with [[#PLT-22-002][PLT-22-002]].

#+name: plot-PLT-22-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1000,760 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-004.svg'
set label 999 'PLT-22-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# Prepared PCA scores: PC1 PC2 PC3 group mass sample_ID.
# 54 synthetic samples; pooled PCA after centring and sample-SD scaling.
# Explained variance: 58.7086%, 40.2757%, 0.7123%, 0.3035%.
$Scores << EOD
-1.630116675 -0.895110842 -0.316716277 1 170.899181 "A01"
-1.622197828 -1.883340434 -0.092886733 1 177.198198 "A02"
-0.771020672 -1.622138448 -0.115922645 1 191.844301 "A03"
-1.262539471 -1.799167187 0.167902277 1 188.485167 "A04"
-1.073170083 -1.620588258 0.327631720 1 192.727199 "A05"
-0.880738658 -0.622773831 0.272391896 1 192.190320 "A06"
-1.459818670 -1.696968541 -0.188176351 1 180.246222 "A07"
-1.232608940 -0.506279944 -0.135133751 1 181.487537 "A08"
-1.349355735 -1.085545787 -0.052450316 1 181.834100 "A09"
-2.320677811 -1.913603102 0.088571927 1 168.530548 "A10"
-0.350959811 -0.762987648 0.314461279 1 201.526882 "A11"
-0.950428302 -0.581458969 -0.056718148 1 185.492167 "A12"
0.004447526 -2.081277849 -0.284355226 1 205.253082 "A13"
-1.979704633 -0.982197422 0.243369402 1 173.171871 "A14"
-2.206738191 0.047265180 -0.071222239 1 164.082817 "A15"
-0.942521561 -1.988185623 0.019962897 1 192.919631 "A16"
-1.351086695 -1.236977707 0.045408486 1 184.514051 "A17"
-1.312015368 -0.206697455 -0.346444835 1 172.820567 "A18"
-1.118281089 1.260976709 0.041630458 2 176.843175 "B01"
-1.630311677 0.483878254 -0.036554692 2 171.429259 "B02"
-0.499048268 0.782515075 -0.135304424 2 187.795362 "B03"
-0.882457419 0.567008519 0.350840728 2 190.074853 "B04"
-1.280544165 0.705066562 -0.055833110 2 175.007364 "B05"
-0.235679675 1.062330394 -0.162871266 2 193.228023 "B06"
-0.431944243 2.181705480 0.026101677 2 189.805553 "B07"
0.090166480 1.972969090 0.283799707 2 202.893517 "B08"
-0.877642082 2.756682647 0.261814251 2 184.980812 "B09"
-0.969016322 2.501590575 -0.174427575 2 175.466700 "B10"
0.295657207 1.891855759 -0.197951617 2 199.640132 "B11"
-1.128206871 1.544646657 -0.166264177 2 176.568260 "B12"
-1.532155416 1.172641314 -0.126966494 2 168.769552 "B13"
-0.154493134 0.846669217 0.095497491 2 201.714620 "B14"
0.174830092 2.203185992 -0.086653831 2 196.001900 "B15"
-0.579196984 1.417160451 -0.074770203 2 188.832537 "B16"
-0.594406516 1.682520797 0.056548600 2 187.268965 "B17"
-0.177167204 1.162527239 0.088529843 2 194.094849 "B18"
3.154976759 -0.652073643 -0.059491729 3 258.842716 "C01"
1.339439912 0.016632768 -0.114146060 3 220.396944 "C02"
1.079755839 -0.207034145 0.288662381 3 225.374833 "C03"
2.075359866 -0.394979748 0.088642068 3 238.355610 "C04"
1.621943362 -0.251996078 -0.055802077 3 232.708631 "C05"
3.084293612 -1.073725254 -0.212959933 3 256.412286 "C06"
2.208480536 0.579590023 -0.101825413 3 237.910867 "C07"
0.833174750 0.023587243 0.124689570 3 217.837421 "C08"
2.077444818 0.454464663 0.072951882 3 239.943217 "C09"
0.936427838 -1.548210802 0.099509242 3 223.237463 "C10"
3.139943126 -0.907428328 -0.104902616 3 257.708751 "C11"
2.765594926 0.087604200 -0.081884586 3 245.893583 "C12"
1.363107274 -0.002619051 -0.039163534 3 224.125432 "C13"
2.790364497 -0.315913188 0.154304722 3 251.829739 "C14"
0.476841477 0.455293202 0.013073186 3 205.134332 "C15"
1.738562625 -0.100387404 -0.043280643 3 233.712130 "C16"
1.492134459 -0.254377757 -0.010953276 3 230.031234 "C17"
2.043303184 -0.666323566 0.175738086 3 241.175330 "C18"
EOD
$Ellipses << EOD
-1.2606250875931897 -1.191001881573286 2.7616969196991037 2.2169491899459253 119.17502263430178 1
-0.6405498491102449 1.4553294851899716 2.942461031258786 2.0128118365858967 58.61082435491422 2
1.901174936703434 -0.2643276036166864 3.4303707411332605 2.069158287972904 -16.35978249780749 3
EOD
# BEGIN EXAMPLE
set border 3 lw 1.2 lc rgb "#9C9E9F"
set tics nomirror out
set grid back lc rgb "#ECEDED"
set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set size ratio -1
set xrange [-4:4]
set yrange [-3.2:3.2]
set xlabel "PC1 (58.7% explained variance)"
set ylabel "PC2 (40.3%)"
set style line 1 lc rgb "#00549F" pt 7 ps 1.25
set style line 2 lc rgb "#F6A800" pt 5 ps 1.25
set style line 3 lc rgb "#0098A1" pt 9 ps 1.25
set key top right font ",16" opaque
set linetype 1 lc rgb "#00549F"
set linetype 2 lc rgb "#F6A800"
set linetype 3 lc rgb "#0098A1"
set style fill transparent solid 0.12 border
plot $Ellipses using 1:2:3:4:5:6 \
    with ellipses units xy lc variable lw 2 notitle, \
    for [g=1:3] $Scores using ($4==g ? $1 : 1/0):2 \
    with points ls g title word("Group-A Group-B Group-C",g)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-004.svg]]

| Parameter                             | Meaning                                                                                 |
|---------------------------------------+-----------------------------------------------------------------------------------------|
| =using 1:2:3:4:5:6=                   | Read centre x/y, major/minor diameters, angle in degrees, and group colour index.       |
| =diameters = 4*sqrt(eigenvalue)=      | Full ellipse diameters correspond to semiaxes of two standard deviations.               |
| =units xy; size ratio -1=             | Interpret ellipse geometry in score coordinates, preserving equal physical axis scales. |
| =lc variable; transparent solid 0.12= | Match group colours and keep observations visible through the fill.                     |

** PLT-22-005 Colour PCA points by a continuous measurement
:PROPERTIES:
:PLOT_ID: PLT-22-005
:CUSTOM_ID: PLT-22-005
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-001
:END:

Colour the same scores by the original synthetic mass measurement instead of discrete group membership. The colourbar describes mass, while position still describes PC1 and PC2. All 54 score rows and mass values are included in the complete Bash block.

Compare with [[#PLT-22-001][PLT-22-001]].

#+name: plot-PLT-22-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1000,760 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-005.svg'
set label 999 'PLT-22-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# Prepared PCA scores: PC1 PC2 PC3 group mass sample_ID.
# 54 synthetic samples; pooled PCA after centring and sample-SD scaling.
# Explained variance: 58.7086%, 40.2757%, 0.7123%, 0.3035%.
$Scores << EOD
-1.630116675 -0.895110842 -0.316716277 1 170.899181 "A01"
-1.622197828 -1.883340434 -0.092886733 1 177.198198 "A02"
-0.771020672 -1.622138448 -0.115922645 1 191.844301 "A03"
-1.262539471 -1.799167187 0.167902277 1 188.485167 "A04"
-1.073170083 -1.620588258 0.327631720 1 192.727199 "A05"
-0.880738658 -0.622773831 0.272391896 1 192.190320 "A06"
-1.459818670 -1.696968541 -0.188176351 1 180.246222 "A07"
-1.232608940 -0.506279944 -0.135133751 1 181.487537 "A08"
-1.349355735 -1.085545787 -0.052450316 1 181.834100 "A09"
-2.320677811 -1.913603102 0.088571927 1 168.530548 "A10"
-0.350959811 -0.762987648 0.314461279 1 201.526882 "A11"
-0.950428302 -0.581458969 -0.056718148 1 185.492167 "A12"
0.004447526 -2.081277849 -0.284355226 1 205.253082 "A13"
-1.979704633 -0.982197422 0.243369402 1 173.171871 "A14"
-2.206738191 0.047265180 -0.071222239 1 164.082817 "A15"
-0.942521561 -1.988185623 0.019962897 1 192.919631 "A16"
-1.351086695 -1.236977707 0.045408486 1 184.514051 "A17"
-1.312015368 -0.206697455 -0.346444835 1 172.820567 "A18"
-1.118281089 1.260976709 0.041630458 2 176.843175 "B01"
-1.630311677 0.483878254 -0.036554692 2 171.429259 "B02"
-0.499048268 0.782515075 -0.135304424 2 187.795362 "B03"
-0.882457419 0.567008519 0.350840728 2 190.074853 "B04"
-1.280544165 0.705066562 -0.055833110 2 175.007364 "B05"
-0.235679675 1.062330394 -0.162871266 2 193.228023 "B06"
-0.431944243 2.181705480 0.026101677 2 189.805553 "B07"
0.090166480 1.972969090 0.283799707 2 202.893517 "B08"
-0.877642082 2.756682647 0.261814251 2 184.980812 "B09"
-0.969016322 2.501590575 -0.174427575 2 175.466700 "B10"
0.295657207 1.891855759 -0.197951617 2 199.640132 "B11"
-1.128206871 1.544646657 -0.166264177 2 176.568260 "B12"
-1.532155416 1.172641314 -0.126966494 2 168.769552 "B13"
-0.154493134 0.846669217 0.095497491 2 201.714620 "B14"
0.174830092 2.203185992 -0.086653831 2 196.001900 "B15"
-0.579196984 1.417160451 -0.074770203 2 188.832537 "B16"
-0.594406516 1.682520797 0.056548600 2 187.268965 "B17"
-0.177167204 1.162527239 0.088529843 2 194.094849 "B18"
3.154976759 -0.652073643 -0.059491729 3 258.842716 "C01"
1.339439912 0.016632768 -0.114146060 3 220.396944 "C02"
1.079755839 -0.207034145 0.288662381 3 225.374833 "C03"
2.075359866 -0.394979748 0.088642068 3 238.355610 "C04"
1.621943362 -0.251996078 -0.055802077 3 232.708631 "C05"
3.084293612 -1.073725254 -0.212959933 3 256.412286 "C06"
2.208480536 0.579590023 -0.101825413 3 237.910867 "C07"
0.833174750 0.023587243 0.124689570 3 217.837421 "C08"
2.077444818 0.454464663 0.072951882 3 239.943217 "C09"
0.936427838 -1.548210802 0.099509242 3 223.237463 "C10"
3.139943126 -0.907428328 -0.104902616 3 257.708751 "C11"
2.765594926 0.087604200 -0.081884586 3 245.893583 "C12"
1.363107274 -0.002619051 -0.039163534 3 224.125432 "C13"
2.790364497 -0.315913188 0.154304722 3 251.829739 "C14"
0.476841477 0.455293202 0.013073186 3 205.134332 "C15"
1.738562625 -0.100387404 -0.043280643 3 233.712130 "C16"
1.492134459 -0.254377757 -0.010953276 3 230.031234 "C17"
2.043303184 -0.666323566 0.175738086 3 241.175330 "C18"
EOD
# BEGIN EXAMPLE
set border 3 lw 1.2 lc rgb "#9C9E9F"
set tics nomirror out
set grid back lc rgb "#ECEDED"
set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set size ratio -1
set xrange [-4:4]
set yrange [-3.2:3.2]
set xlabel "PC1 (58.7% explained variance)"
set ylabel "PC2 (40.3%)"
unset key
set palette defined (0 "#7A6FAC",0.5 "#0098A1",1 "#F6A800")
set cbrange [160:260]
set cblabel "Mass (synthetic units)"
plot $Scores using 1:2:5 with points pt 7 ps 1.4 lc palette
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-005.svg]]

| Parameter                       | Meaning                                                                    |
|---------------------------------+----------------------------------------------------------------------------|
| =using 1:2:5=                   | Read PC1 and PC2 for position and column five for the colour value.        |
| =lc palette; cbrange [160:260]= | Map mass to a continuous colour scale over an explicit common range.       |
| =palette defined; cblabel=      | Set colour anchors and explain the separate measurement encoded by colour. |

** PLT-22-006 Overlay variable arrows in a PCA biplot
:PROPERTIES:
:PLOT_ID: PLT-22-006
:CUSTOM_ID: PLT-22-006
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-002
:END:

Overlay variable-PC correlations, magnified by 2.5 for visibility, on the group score plot. These arrows use the same component signs as the scores. Their displayed lengths are scaled correlations, not score distances; this scaling should be stated whenever the plot is shared.

Compare with [[#PLT-22-002][PLT-22-002]].

#+name: plot-PLT-22-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1000,760 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-006.svg'
set label 999 'PLT-22-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# Prepared PCA scores: PC1 PC2 PC3 group mass sample_ID.
# 54 synthetic samples; pooled PCA after centring and sample-SD scaling.
# Explained variance: 58.7086%, 40.2757%, 0.7123%, 0.3035%.
$Scores << EOD
-1.630116675 -0.895110842 -0.316716277 1 170.899181 "A01"
-1.622197828 -1.883340434 -0.092886733 1 177.198198 "A02"
-0.771020672 -1.622138448 -0.115922645 1 191.844301 "A03"
-1.262539471 -1.799167187 0.167902277 1 188.485167 "A04"
-1.073170083 -1.620588258 0.327631720 1 192.727199 "A05"
-0.880738658 -0.622773831 0.272391896 1 192.190320 "A06"
-1.459818670 -1.696968541 -0.188176351 1 180.246222 "A07"
-1.232608940 -0.506279944 -0.135133751 1 181.487537 "A08"
-1.349355735 -1.085545787 -0.052450316 1 181.834100 "A09"
-2.320677811 -1.913603102 0.088571927 1 168.530548 "A10"
-0.350959811 -0.762987648 0.314461279 1 201.526882 "A11"
-0.950428302 -0.581458969 -0.056718148 1 185.492167 "A12"
0.004447526 -2.081277849 -0.284355226 1 205.253082 "A13"
-1.979704633 -0.982197422 0.243369402 1 173.171871 "A14"
-2.206738191 0.047265180 -0.071222239 1 164.082817 "A15"
-0.942521561 -1.988185623 0.019962897 1 192.919631 "A16"
-1.351086695 -1.236977707 0.045408486 1 184.514051 "A17"
-1.312015368 -0.206697455 -0.346444835 1 172.820567 "A18"
-1.118281089 1.260976709 0.041630458 2 176.843175 "B01"
-1.630311677 0.483878254 -0.036554692 2 171.429259 "B02"
-0.499048268 0.782515075 -0.135304424 2 187.795362 "B03"
-0.882457419 0.567008519 0.350840728 2 190.074853 "B04"
-1.280544165 0.705066562 -0.055833110 2 175.007364 "B05"
-0.235679675 1.062330394 -0.162871266 2 193.228023 "B06"
-0.431944243 2.181705480 0.026101677 2 189.805553 "B07"
0.090166480 1.972969090 0.283799707 2 202.893517 "B08"
-0.877642082 2.756682647 0.261814251 2 184.980812 "B09"
-0.969016322 2.501590575 -0.174427575 2 175.466700 "B10"
0.295657207 1.891855759 -0.197951617 2 199.640132 "B11"
-1.128206871 1.544646657 -0.166264177 2 176.568260 "B12"
-1.532155416 1.172641314 -0.126966494 2 168.769552 "B13"
-0.154493134 0.846669217 0.095497491 2 201.714620 "B14"
0.174830092 2.203185992 -0.086653831 2 196.001900 "B15"
-0.579196984 1.417160451 -0.074770203 2 188.832537 "B16"
-0.594406516 1.682520797 0.056548600 2 187.268965 "B17"
-0.177167204 1.162527239 0.088529843 2 194.094849 "B18"
3.154976759 -0.652073643 -0.059491729 3 258.842716 "C01"
1.339439912 0.016632768 -0.114146060 3 220.396944 "C02"
1.079755839 -0.207034145 0.288662381 3 225.374833 "C03"
2.075359866 -0.394979748 0.088642068 3 238.355610 "C04"
1.621943362 -0.251996078 -0.055802077 3 232.708631 "C05"
3.084293612 -1.073725254 -0.212959933 3 256.412286 "C06"
2.208480536 0.579590023 -0.101825413 3 237.910867 "C07"
0.833174750 0.023587243 0.124689570 3 217.837421 "C08"
2.077444818 0.454464663 0.072951882 3 239.943217 "C09"
0.936427838 -1.548210802 0.099509242 3 223.237463 "C10"
3.139943126 -0.907428328 -0.104902616 3 257.708751 "C11"
2.765594926 0.087604200 -0.081884586 3 245.893583 "C12"
1.363107274 -0.002619051 -0.039163534 3 224.125432 "C13"
2.790364497 -0.315913188 0.154304722 3 251.829739 "C14"
0.476841477 0.455293202 0.013073186 3 205.134332 "C15"
1.738562625 -0.100387404 -0.043280643 3 233.712130 "C16"
1.492134459 -0.254377757 -0.010953276 3 230.031234 "C17"
2.043303184 -0.666323566 0.175738086 3 241.175330 "C18"
EOD
$Loadings << EOD
0.874588521 0.477921124 "Length"
0.209386420 0.973693529 "Width"
0.984654066 -0.137155454 "Mass"
-0.755017329 0.644769117 "Density"
EOD
# BEGIN EXAMPLE
set border 3 lw 1.2 lc rgb "#9C9E9F"
set tics nomirror out
set grid back lc rgb "#ECEDED"
set xzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set yzeroaxis lw 1 lc rgb "#9C9E9F" dt 2
set size ratio -1
set xrange [-4:4]
set yrange [-3.2:3.2]
set xlabel "PC1 (58.7% explained variance)"
set ylabel "PC2 (40.3%)"
set style line 1 lc rgb "#00549F" pt 7 ps 1.25
set style line 2 lc rgb "#F6A800" pt 5 ps 1.25
set style line 3 lc rgb "#0098A1" pt 9 ps 1.25
set key top right font ",16" opaque
arrow_scale = 2.5
set label 1 "Arrows: variable-PC correlations x 2.5" \
    at graph 0.02,0.03 front font ",13" textcolor rgb "#7A6FAC"
plot $Loadings using (0):(0):($1*arrow_scale):($2*arrow_scale) \
    with vectors head filled lw 2 lc rgb "#7A6FAC" notitle, \
    for [g=1:3] $Scores using ($4==g ? $1 : 1/0):2 \
    with points ls g title word("Group-A Group-B Group-C",g), \
    $Loadings using ($1*arrow_scale*1.1):($2*arrow_scale*1.1):3 \
    with labels center font ",16" textcolor rgb "#7A6FAC" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-006.svg]]

| Parameter                           | Meaning                                                                                            |
|-------------------------------------+----------------------------------------------------------------------------------------------------|
| =$Loadings=                         | Inline columns contain each variable correlation with PC1, its correlation with PC2, and its name. |
| =with vectors; (0):(0):dx:dy=       | Draw arrows from the origin with the specified displacements.                                      |
| =arrow_scale = 2.5=                 | Magnify correlations for readability; this is not an additional PCA computation.                   |
| =labels at 1.1 times the endpoints= | Place variable names just beyond the arrowheads.                                                   |

** PLT-22-007 Connect multiple measurements with parallel axes
:PROPERTIES:
:PLOT_ID: PLT-22-007
:CUSTOM_ID: PLT-22-007
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO:
:END:

Each of six design alternatives becomes one polyline through cost, runtime and mass. Separate axes allow different units; read each scale rather than treating all positions as a shared numeric y coordinate.

#+name: plot-PLT-22-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-007.svg'
set label 999 'PLT-22-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$Design << EOD
1 70 4 8
1 85 5 9
1 65 3 7
2 110 8 5
2 125 9 4
2 100 7 6
EOD
set style data parallelaxes
unset border
unset ytics
unset key
set xrange [0.7:3.3]
set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0
set bmargin 4
set for [i=1:3] paxis i tics
plot $Design using 2 lw 2 lc rgb "#00549F", \
     $Design using 3, $Design using 4
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-007.svg]]

| Parameter                           | Meaning                                                 |
|-------------------------------------+---------------------------------------------------------|
| =with parallelaxes=                 | Connect columns from the same row across separate axes. |
| =using 2, ... using 3, ... using 4= | Select cost, runtime and mass; column 1 is the group.   |
| =paxis i tics=                      | Show each vertical axis鈥檚 numeric scale.                |

** PLT-22-008 Fix meaningful ranges for each parallel axis
:PROPERTIES:
:PLOT_ID: PLT-22-008
:CUSTOM_ID: PLT-22-008
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-007
:END:

Replace automatic ranges with explicit reference intervals. This avoids exaggerating small variations and makes data updates comparable against the same scales.

Compare with [[#PLT-22-007][PLT-22-007]].

#+name: plot-PLT-22-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-008.svg'
set label 999 'PLT-22-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Design << EOD
1 70 4 8
1 85 5 9
1 65 3 7
2 110 8 5
2 125 9 4
2 100 7 6
EOD
# BEGIN EXAMPLE
set style data parallelaxes
unset border
unset ytics
unset key
set xrange [0.7:3.3]
set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0
set bmargin 4
set for [i=1:3] paxis i tics
set paxis 1 range [0:150]
set paxis 2 range [0:10]
set paxis 3 range [0:12]
plot $Design using 2 lw 2 lc rgb "#00549F", \
     $Design using 3, $Design using 4
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-008.svg]]

| Parameter           | Meaning                                        |
|---------------------+------------------------------------------------|
| =paxis 1/2/3 range= | Set independent cost, runtime and mass ranges. |

** PLT-22-009 Colour parallel lines by design group
:PROPERTIES:
:PLOT_ID: PLT-22-009
:CUSTOM_ID: PLT-22-009
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-008
:END:

Add a colour value to the first parallel-axis clause. It follows each row across all three axes. Blue designs cost less and run for less time but have higher mass; orange designs favour runtime and lower mass.

Compare with [[#PLT-22-008][PLT-22-008]].

#+name: plot-PLT-22-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-009.svg'
set label 999 'PLT-22-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Design << EOD
1 70 4 8
1 85 5 9
1 65 3 7
2 110 8 5
2 125 9 4
2 100 7 6
EOD
# BEGIN EXAMPLE
set style data parallelaxes
unset border
unset ytics
unset key
set xrange [0.7:3.3]
set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0
set bmargin 4
set for [i=1:3] paxis i tics
set paxis 1 range [0:150]
set paxis 2 range [0:10]
set paxis 3 range [0:12]
plot $Design using 2:($1==1 ? 0x00549F : 0xF6A800) \
    lw 2 lc rgb variable, $Design using 3, $Design using 4
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-009.svg]]

| Parameter          | Meaning                                                     |
|--------------------+-------------------------------------------------------------|
| =using 2:(colour)= | The first clause supplies colour for all segments of a row. |
| =column 1=         | Groups designs; it is not a plotted measurement.            |

** PLT-22-010 Reverse the cost axis to align preferences
:PROPERTIES:
:PLOT_ID: PLT-22-010
:CUSTOM_ID: PLT-22-010
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-009
:END:

Reverse only cost. Lower cost and longer runtime now appear higher; mass still needs reversal for lower values to appear higher. Reversing an axis changes visual direction rather than stored measurements.

Compare with [[#PLT-22-009][PLT-22-009]].

#+name: plot-PLT-22-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-010.svg'
set label 999 'PLT-22-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Design << EOD
1 70 4 8
1 85 5 9
1 65 3 7
2 110 8 5
2 125 9 4
2 100 7 6
EOD
# BEGIN EXAMPLE
set style data parallelaxes
unset border
unset ytics
unset key
set xrange [0.7:3.3]
set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0
set bmargin 4
set for [i=1:3] paxis i tics
set paxis 1 range [0:150]
set paxis 2 range [0:10]
set paxis 3 range [0:12]
set paxis 1 range [0:150] reverse
plot $Design using 2:($1==1 ? 0x00549F : 0xF6A800) \
    lw 2 lc rgb variable, $Design using 3, $Design using 4
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-010.svg]]

| Parameter               | Meaning                                                    |
|-------------------------+------------------------------------------------------------|
| =range [0:150] reverse= | Place lower costs near the top while retaining cost units. |

** PLT-22-011 Align all axes so higher means preferable
:PROPERTIES:
:PLOT_ID: PLT-22-011
:CUSTOM_ID: PLT-22-011
:TOPIC: 22 路 Scatter plots and PCA
:COMPARE_TO: PLT-22-010
:END:

Reverse mass too: lower cost, longer runtime and lower mass all appear towards the top. Label the units. Crossing lines expose trade-offs; separate scales do not assign objective weights or rank alternatives.

Compare with [[#PLT-22-010][PLT-22-010]].

#+name: plot-PLT-22-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-22-011.svg'
set label 999 'PLT-22-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Design << EOD
1 70 4 8
1 85 5 9
1 65 3 7
2 110 8 5
2 125 9 4
2 100 7 6
EOD
# BEGIN EXAMPLE
set style data parallelaxes
unset border
unset ytics
unset key
set xrange [0.7:3.3]
set xtics ("Cost" 1,"Runtime" 2,"Mass" 3) scale 0
set bmargin 4
set for [i=1:3] paxis i tics
set paxis 1 range [0:150]
set paxis 2 range [0:10]
set paxis 3 range [0:12]
set paxis 1 range [0:150] reverse
set paxis 3 range [0:12] reverse
set xtics ("Cost (EUR)" 1,"Runtime (h)" 2,"Mass (kg)" 3) scale 0
set title "Blue: low cost; orange: longer runtime and lower mass"
plot $Design using 2:($1==1 ? 0x00549F : 0xF6A800) \
    lw 2 lc rgb variable, $Design using 3, $Design using 4
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-22-011.svg]]

| Parameter             | Meaning                                      |
|-----------------------+----------------------------------------------|
| =paxis 3 ... reverse= | Place lower mass higher on its own axis.     |
| =explicit units=      | Each axis has a different meaning and range. |


* 23 路 Colour scales and map layout
:PROPERTIES:
:CUSTOM_ID: PLT-23-000
:CHAPTER: 23
:END:

** PLT-23-001 Start with a simple colour map
:PROPERTIES:
:PLOT_ID: PLT-23-001
:CUSTOM_ID: PLT-23-001
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO:
:END:

A map view projects a coloured surface onto the x/y plane. This is the baseline for the colourbar examples.

#+name: plot-PLT-23-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-001.svg'
set label 999 'PLT-23-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-001.svg]]

| Parameter             | Meaning                                              |
|-----------------------+------------------------------------------------------|
| =splot=               | Draw a three-dimensional function or dataset.        |
| =sin(x)*cos(y)=       | Surface height is a product of two simple functions. |
| =isosamples 50,50=    | Sample 50 grid lines in each direction.              |
| =view map; with pm3d= | Look down from above and colour the sampled surface. |

** PLT-23-002 Choose a diverging palette
:PROPERTIES:
:PLOT_ID: PLT-23-002
:CUSTOM_ID: PLT-23-002
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO: PLT-23-001
:END:

Three specified colour anchors make zero a neutral midpoint.

Compare with [[#PLT-23-001][PLT-23-001]].

#+name: plot-PLT-23-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-002.svg'
set label 999 'PLT-23-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
set palette defined (-1 "#00549F", \
    0 "#FFFFFF", 1 "#CC071E")
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-002.svg]]

| Parameter                 | Meaning                                                                  |
|---------------------------+--------------------------------------------------------------------------|
| =palette defined=         | Interpolate colours between specified value/colour pairs.                |
| =鈭�blue; 0 white; 1 red= | Three palette anchors; their values define the palette鈥檚 internal scale. |

** PLT-23-003 Expand the colour range
:PROPERTIES:
:PLOT_ID: PLT-23-003
:CUSTOM_ID: PLT-23-003
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO: PLT-23-002
:END:

The same values now occupy the middle half of the palette, so the colours become less saturated. Fixed limits can be reused across related figures.

Compare with [[#PLT-23-002][PLT-23-002]].

#+name: plot-PLT-23-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-003.svg'
set label 999 'PLT-23-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
set palette defined (-1 "#00549F", \
    0 "#FFFFFF", 1 "#CC071E")
set cbrange [-2:2]
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-003.svg]]

| Parameter | Meaning                                                                   |
|-----------+---------------------------------------------------------------------------|
| =cbrange= | Range of values mapped to the colour palette.                             |
| =[-2:2]=  | Map 鈭�and 2 to the endpoints; the plotted values still lie near 鈭�to 1. |

** PLT-23-004 Set colourbar tick spacing
:PROPERTIES:
:PLOT_ID: PLT-23-004
:CUSTOM_ID: PLT-23-004
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO: PLT-23-003
:END:

Colourbar ticks have their own axis-like controls.

Compare with [[#PLT-23-003][PLT-23-003]].

#+name: plot-PLT-23-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-004.svg'
set label 999 'PLT-23-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
set palette defined (-1 "#00549F", \
    0 "#FFFFFF", 1 "#CC071E")
set cbrange [-2:2]
set cbtics 1
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-004.svg]]

| Parameter | Meaning                                                                  |
|-----------+--------------------------------------------------------------------------|
| =cbtics=  | Major colourbar tick settings.                                           |
| =1=       | A labelled colourbar tick every one unit, reducing the number of labels. |

** PLT-23-005 Label the colourbar
:PROPERTIES:
:PLOT_ID: PLT-23-005
:CUSTOM_ID: PLT-23-005
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO: PLT-23-004
:END:

A colourbar label explains what the colours represent.

Compare with [[#PLT-23-004][PLT-23-004]].

#+name: plot-PLT-23-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-005.svg'
set label 999 'PLT-23-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
set palette defined (-1 "#00549F", \
    0 "#FFFFFF", 1 "#CC071E")
set cbrange [-2:2]
set cbtics 1
set cblabel "Surface value"
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-005.svg]]

| Parameter | Meaning                          |
|-----------+----------------------------------|
| =cblabel= | Text label beside the colourbar. |

** PLT-23-006 Hide the colourbar
:PROPERTIES:
:PLOT_ID: PLT-23-006
:CUSTOM_ID: PLT-23-006
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO: PLT-23-005
:END:

The surface stays coloured, but the colour key is removed.

Compare with [[#PLT-23-005][PLT-23-005]].

#+name: plot-PLT-23-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-006.svg'
set label 999 'PLT-23-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
set palette defined (-1 "#00549F", \
    0 "#FFFFFF", 1 "#CC071E")
set cbrange [-2:2]
set cbtics 1
set cblabel "Surface value"
unset colorbox
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-006.svg]]

| Parameter  | Meaning                                      |
|------------+----------------------------------------------|
| =colorbox= | The rectangular colourbar and its scale.     |
| =unset=    | Hide it; the palette still colours the plot. |

** PLT-23-007 Place a horizontal colourbar
:PROPERTIES:
:PLOT_ID: PLT-23-007
:CUSTOM_ID: PLT-23-007
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO: PLT-23-005
:END:

An explicitly positioned colourbar needs reserved space below the map.

Compare with [[#PLT-23-005][PLT-23-005]].

#+name: plot-PLT-23-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-007.svg'
set label 999 'PLT-23-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
set palette defined (-1 "#00549F", \
    0 "#FFFFFF", 1 "#CC071E")
set cbrange [-2:2]
set cbtics 1
set bmargin at screen 0.30
set colorbox horizontal user \
    origin 0.22,0.22 size 0.56,0.04
set cblabel "Surface value" offset 0,-0.5
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-007.svg]]

| Parameter              | Meaning                                                                         |
|------------------------+---------------------------------------------------------------------------------|
| =horizontal user=      | Use a horizontal bar with explicit placement.                                   |
| =origin 0.22,0.22=     | Lower-left corner in screen fractions.                                          |
| =size 0.56,0.04=       | Width and height as screen fractions.                                           |
| =bmargin 0.30; offset= | Reserve lower space; move the colourbar label half a character height downward. |

** PLT-23-008 Reduce a palette to discrete colour bands
:PROPERTIES:
:PLOT_ID: PLT-23-008
:CUSTOM_ID: PLT-23-008
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO: PLT-23-002
:END:

A small maximum colour count makes the continuous surface appear in bands. The data values remain continuous; only the displayed palette is quantized.

Compare with [[#PLT-23-002][PLT-23-002]].

#+name: plot-PLT-23-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-008.svg'
set label 999 'PLT-23-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
set palette defined (-1 "#00549F", 0 "white", 1 "#CC071E")
set palette maxcolors 7
set cbrange [-1:1]
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-008.svg]]

| Parameter             | Meaning                                             |
|-----------------------+-----------------------------------------------------|
| =palette maxcolors 7= | Use seven discrete colours for the palette mapping. |
| =maxcolors 0=         | Restore an unrestricted continuous palette.         |

** PLT-23-009 Reverse the palette direction
:PROPERTIES:
:PLOT_ID: PLT-23-009
:CUSTOM_ID: PLT-23-009
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO: PLT-23-002
:END:

A negative palette reverses which end of the colour gradient represents low and high values. It leaves the data and colour range unchanged.

Compare with [[#PLT-23-002][PLT-23-002]].

#+name: plot-PLT-23-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-009.svg'
set label 999 'PLT-23-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 50,50
set view map
set palette defined (-1 "#00549F", 0 "white", 1 "#CC071E")
set palette negative
set cbrange [-1:1]
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-009.svg]]

| Parameter          | Meaning                        |
|--------------------+--------------------------------|
| =palette negative= | Reverse the colour gradient.   |
| =palette positive= | Restore the forward direction. |

** PLT-23-010 Use a logarithmic colour scale
:PROPERTIES:
:PLOT_ID: PLT-23-010
:CUSTOM_ID: PLT-23-010
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO:
:END:

Logarithmic colour mapping gives equal visual space to equal ratios. Every colour value and both colour-range limits must be positive.

#+name: plot-PLT-23-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-010.svg'
set label 999 'PLT-23-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [0:3]
set yrange [0:3]
set isosamples 50,50
set view map
set palette defined (0 "#E8F1FA", 1 "#8EBAE5", 2 "#00549F")
set cbrange [1:1000]
set logscale cb 10
set format cb "10^{%L}"
set cblabel "Magnitude (log scale)"
splot 10**((x+y)/2) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-010.svg]]

| Parameter          | Meaning                                                 |
|--------------------+---------------------------------------------------------|
| =logscale cb 10=   | Apply base-10 logarithmic mapping to the colour axis.   |
| =cbrange [1:1000]= | Cover three positive decades.                           |
| =format cb=        | Format colourbar labels separately from x and y labels. |

** PLT-23-011 Colour points using a third data column
:PROPERTIES:
:PLOT_ID: PLT-23-011
:CUSTOM_ID: PLT-23-011
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO:
:END:

The extra using column supplies the value mapped through the palette. Point size stays constant, so colour alone represents the third quantity.

#+name: plot-PLT-23-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-011.svg'
set label 999 'PLT-23-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 2 10
2 4 25
3 3 50
4 5 75
5 2 100
EOD
set xrange [0:6]
set yrange [0:6]
set palette defined (0 "#E8F1FA", 1 "#8EBAE5", 2 "#00549F")
set cbrange [0:100]
set cblabel "Score"
plot $D using 1:2:3 with points pt 7 ps 3 \
    lc palette notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-011.svg]]

| Parameter     | Meaning                                                      |
|---------------+--------------------------------------------------------------|
| =using 1:2:3= | Read x, y, and the palette value from three columns.         |
| =lc palette=  | Map each third-column value through cbrange and the palette. |
| =ps 3=        | Hold symbol size constant.                                   |

** PLT-23-012 Share one colourbar across two panels
:PROPERTIES:
:PLOT_ID: PLT-23-012
:CUSTOM_ID: PLT-23-012
:TOPIC: 23 路 Colour scales and map layout
:COMPARE_TO:
:END:

Matching palettes and colour ranges are essential for comparable panels. Reserve space once, hide the first panel colourbar, and draw a single explicitly positioned colourbar with the second.

#+name: plot-PLT-23-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-23-012.svg'
set label 999 'PLT-23-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2 \
    margins 0.08,0.82,0.15,0.85 spacing 0.07,0.05
set xrange [-3:3]
set yrange [-3:3]
set cbrange [-1:1]
set palette defined (-1 "#00549F", 0 "white", 1 "#CC071E")
set view map
set isosamples 50,50
unset colorbox
set title "sin(x) cos(y)"
splot sin(x)*cos(y) with pm3d notitle
set colorbox vertical user origin 0.87,0.15 size 0.02,0.70
set cblabel "Shared value"
set title "cos(x) sin(y)"
splot cos(x)*sin(y) with pm3d notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-23-012.svg]]

| Parameter           | Meaning                                                      |
|---------------------+--------------------------------------------------------------|
| =same cbrange=      | Ensure a given colour means the same value in both panels.   |
| =margins ... 0.82=  | Reserve the right part of the canvas for a shared colourbar. |
| =colorbox ... user= | Place that colourbar in canvas coordinates.                  |
| =unset colorbox=    | Suppress duplicate colourbars.                               |

* 24 路 Matrix heatmaps
:PROPERTIES:
:CUSTOM_ID: PLT-24-000
:CHAPTER: 24
:END:

** PLT-24-001 Draw a heatmap from a matrix
:PROPERTIES:
:PLOT_ID: PLT-24-001
:CUSTOM_ID: PLT-24-001
:TOPIC: 24 路 Matrix heatmaps
:COMPARE_TO:
:END:

Each matrix entry becomes one coloured cell. Columns give x and rows give y, both starting at zero. The first row appears at the bottom; these are cell values, rather than a sampled surface.

#+name: plot-PLT-24-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-24-001.svg'
set label 999 'PLT-24-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$M << EOD
2 5 8 6
4 9 3 7
1 6 5 10
EOD
unset key
set size ratio -1
set xrange [-0.5:3.5]
set yrange [-0.5:2.5]
set xtics 1 nomirror scale 0
set ytics 1 nomirror scale 0
set cbrange [0:10]
set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")
set cblabel "Score"
plot $M matrix with image pixels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-24-001.svg]]

| Parameter                  | Meaning                                                                                                                       |
|----------------------------+-------------------------------------------------------------------------------------------------------------------------------|
| =matrix with image pixels= | Map a rectangular matrix to equally spaced cells using the palette.                                                           |
| =pixels=                   | Draw cells individually so browsers and PDF renderers preserve sharp boundaries rather than smoothing a tiny embedded bitmap. |
| =x/y ranges=               | Half-cell padding keeps the outside cells complete.                                                                           |
| =size ratio -1=            | Give x and y equal physical units, making these cells square.                                                                 |
| =cbrange [0:10]=           | Keep the value-to-colour mapping fixed across comparisons.                                                                    |

** PLT-24-002 Put the first matrix row at the top
:PROPERTIES:
:PLOT_ID: PLT-24-002
:CUSTOM_ID: PLT-24-002
:TOPIC: 24 路 Matrix heatmaps
:COMPARE_TO: PLT-24-001
:END:

Reverse the y range for a table-like display. The data and palette remain unchanged; only the vertical reading direction changes.

Compare with [[#PLT-24-001][PLT-24-001]].

#+name: plot-PLT-24-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-24-002.svg'
set label 999 'PLT-24-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$M << EOD
2 5 8 6
4 9 3 7
1 6 5 10
EOD
unset key
set size ratio -1
set xrange [-0.5:3.5]
set yrange [2.5:-0.5]
set xtics 1 nomirror scale 0
set ytics 1 nomirror scale 0
set cbrange [0:10]
set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")
set cblabel "Score"
plot $M matrix with image pixels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-24-002.svg]]

| Parameter           | Meaning                                             |
|---------------------+-----------------------------------------------------|
| =yrange [2.5:-0.5]= | Display row zero above rows one and two.            |
| =matrix row order=  | The input still lists rows in their original order. |

** PLT-24-003 Label heatmap rows and columns
:PROPERTIES:
:PLOT_ID: PLT-24-003
:CUSTOM_ID: PLT-24-003
:TOPIC: 24 路 Matrix heatmaps
:COMPARE_TO: PLT-24-002
:END:

Replace numeric cell coordinates with category names. Tick positions stay at cell centres, while the colourbar still describes the numeric scores.

Compare with [[#PLT-24-002][PLT-24-002]].

#+name: plot-PLT-24-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-24-003.svg'
set label 999 'PLT-24-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$M << EOD
2 5 8 6
4 9 3 7
1 6 5 10
EOD
unset key
set size ratio -1
set xrange [-0.5:3.5]
set yrange [2.5:-0.5]
set xtics 1 nomirror scale 0
set ytics 1 nomirror scale 0
set cbrange [0:10]
set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")
set cblabel "Score"
set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)
set ytics ("Team A" 0, "Team B" 1, "Team C" 2)
plot $M matrix with image pixels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-24-003.svg]]

| Parameter             | Meaning                                                     |
|-----------------------+-------------------------------------------------------------|
| =xtics / ytics lists= | Pair each category label with its zero-based cell position. |
| =scale 0=             | Keep category text without tick strokes.                    |

** PLT-24-004 Print the value inside every cell
:PROPERTIES:
:PLOT_ID: PLT-24-004
:CUSTOM_ID: PLT-24-004
:TOPIC: 24 路 Matrix heatmaps
:COMPARE_TO: PLT-24-003
:END:

Read the same matrix a second time with labels. Choose white text on darker cells and dark text on lighter cells so the values remain legible.

Compare with [[#PLT-24-003][PLT-24-003]].

#+name: plot-PLT-24-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-24-004.svg'
set label 999 'PLT-24-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$M << EOD
2 5 8 6
4 9 3 7
1 6 5 10
EOD
unset key
set size ratio -1
set xrange [-0.5:3.5]
set yrange [2.5:-0.5]
set xtics 1 nomirror scale 0
set ytics 1 nomirror scale 0
set cbrange [0:10]
set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")
set cblabel "Score"
set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)
set ytics ("Team A" 0, "Team B" 1, "Team C" 2)
plot $M matrix with image pixels,      $M matrix using 1:2:(sprintf("%.0f",$3)):($3>=7 ? 0xFFFFFF : 0x646567)      with labels textcolor rgb variable font ",18"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-24-004.svg]]

| Parameter                | Meaning                                                |
|--------------------------+--------------------------------------------------------|
| =matrix using 1:2:3=     | The generated columns are x, y and the matrix value.   |
| =sprintf("%.0f",$3)=     | Format each value as an integer label.                 |
| =textcolor rgb variable= | Read the text colour from the fourth using expression. |

** PLT-24-005 Draw lines between heatmap cells
:PROPERTIES:
:PLOT_ID: PLT-24-005
:CUSTOM_ID: PLT-24-005
:TOPIC: 24 路 Matrix heatmaps
:COMPARE_TO: PLT-24-003
:END:

Place front-layer arrows at half-integer coordinates. The separators follow cell edges, rather than the category ticks at cell centres.

Compare with [[#PLT-24-003][PLT-24-003]].

#+name: plot-PLT-24-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-24-005.svg'
set label 999 'PLT-24-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$M << EOD
2 5 8 6
4 9 3 7
1 6 5 10
EOD
unset key
set size ratio -1
set xrange [-0.5:3.5]
set yrange [2.5:-0.5]
set xtics 1 nomirror scale 0
set ytics 1 nomirror scale 0
set cbrange [0:10]
set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")
set cblabel "Score"
set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)
set ytics ("Team A" 0, "Team B" 1, "Team C" 2)
set for [x=0:2] arrow (x+1) from x+0.5,-0.5 to x+0.5,2.5     nohead front lc rgb "white" lw 2
set for [y=0:1] arrow (y+10) from -0.5,y+0.5 to 3.5,y+0.5     nohead front lc rgb "white" lw 2
plot $M matrix with image pixels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-24-005.svg]]

| Parameter            | Meaning                                             |
|----------------------+-----------------------------------------------------|
| =half-integer edges= | Adjacent matrix cell centres are one unit apart.    |
| =nohead front=       | Draw separators above the image without arrowheads. |

** PLT-24-006 Use a symmetric palette for signed values
:PROPERTIES:
:PLOT_ID: PLT-24-006
:CUSTOM_ID: PLT-24-006
:TOPIC: 24 路 Matrix heatmaps
:COMPARE_TO: PLT-24-003
:END:

A diverging palette makes zero neutral and assigns different colours to negative and positive deviations. The symmetric colour range gives equal magnitudes comparable colour strength.

Compare with [[#PLT-24-003][PLT-24-003]].

#+name: plot-PLT-24-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-24-006.svg'
set label 999 'PLT-24-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$M << EOD
-8 -3 0 4
-5 2 7 9
1 -1 -6 5
EOD
unset key
set size ratio -1
set xrange [-0.5:3.5]
set yrange [2.5:-0.5]
set xtics 1 nomirror scale 0
set ytics 1 nomirror scale 0
set cbrange [0:10]
set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")
set cblabel "Score"
set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)
set ytics ("Team A" 0, "Team B" 1, "Team C" 2)
set cbrange [-10:10]
set palette defined (-10 "#00549F", 0 "#FFFFFF", 10 "#CC071E")
set cblabel "Deviation"
plot $M matrix with image pixels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-24-006.svg]]

| Parameter          | Meaning                                                 |
|--------------------+---------------------------------------------------------|
| =cbrange [-10:10]= | Centre the colour scale on zero.                        |
| =palette defined=  | Blue and red encode opposite signs, with white at zero. |

** PLT-24-007 Leave missing heatmap cells blank
:PROPERTIES:
:PLOT_ID: PLT-24-007
:CUSTOM_ID: PLT-24-007
:TOPIC: 24 路 Matrix heatmaps
:COMPARE_TO: PLT-24-003
:END:

Reserve -999 as a missing-score marker and turn it into an undefined colour value with 1/0. Zero remains a measured score. This SVG leaves the missing cell unpainted, revealing the white canvas; it must not be interpreted as a low score.

Compare with [[#PLT-24-003][PLT-24-003]].

#+name: plot-PLT-24-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-24-007.svg'
set label 999 'PLT-24-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$M << EOD
2 5 8 6
4 -999 3 7
1 6 5 10
EOD
unset key
set size ratio -1
set xrange [-0.5:3.5]
set yrange [2.5:-0.5]
set xtics 1 nomirror scale 0
set ytics 1 nomirror scale 0
set cbrange [0:10]
set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")
set cblabel "Score"
set xtics ("Mon" 0, "Tue" 1, "Wed" 2, "Thu" 3)
set ytics ("Team A" 0, "Team B" 1, "Team C" 2)
plot $M matrix using 1:2:($3 == -999 ? 1/0 : $3) with image pixels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-24-007.svg]]

| Parameter               | Meaning                                                           |
|-------------------------+-------------------------------------------------------------------|
| =$3 == -999 ? 1/0 : $3= | Replace only the reserved missing marker with an undefined value. |
| =blank cell=            | No palette value is drawn for the missing observation.            |

** PLT-24-008 Read a heatmap as x, y and value triples
:PROPERTIES:
:PLOT_ID: PLT-24-008
:CUSTOM_ID: PLT-24-008
:TOPIC: 24 路 Matrix heatmaps
:COMPARE_TO: PLT-24-001
:END:

A regular grid can also be supplied as explicit coordinates. Blank lines separate scans. Use uniformly spaced x and y coordinates with image pixels; scattered observations need a different gridding or plotting method.

Compare with [[#PLT-24-001][PLT-24-001]].

#+name: plot-PLT-24-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-24-008.svg'
set label 999 'PLT-24-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 0 2
1 0 5
2 0 8

0 1 4
1 1 9
2 1 3
EOD
unset key
set size ratio -1
set xrange [-0.5:2.5]
set yrange [1.5:-0.5]
set xtics 1 nomirror scale 0
set ytics 1 nomirror scale 0
set cbrange [0:10]
set palette defined (0 "#ECEDED", 5 "#8EBAE5", 10 "#00549F")
plot $D using 1:2:3 with image pixels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-24-008.svg]]

| Parameter     | Meaning                                                  |
|---------------+----------------------------------------------------------|
| =using 1:2:3= | Read x, y and the palette value directly.                |
| =blank lines= | Separate complete grid scans; this example has two rows. |

* 25 路 Surfaces, contours and polar curves
:PROPERTIES:
:CUSTOM_ID: PLT-25-000
:CHAPTER: 25
:END:

** PLT-25-001 Draw a wireframe surface
:PROPERTIES:
:PLOT_ID: PLT-25-001
:CUSTOM_ID: PLT-25-001
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO:
:END:

Move from plot to splot to evaluate a function of two independent variables.

#+name: plot-PLT-25-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-001.svg'
set label 999 'PLT-25-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 18,18
set ztics 0.5
set view 60,30
splot sin(x)*cos(y) with lines notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-001.svg]]

| Parameter          | Meaning                                        |
|--------------------+------------------------------------------------|
| =splot=            | Plot a 3D surface z=f(x,y).                    |
| =isosamples 18,18= | Use 18 isolines in each grid direction.        |
| =view 60,30=       | Set the two camera rotation angles in degrees. |

** PLT-25-002 Remove hidden wireframe lines
:PROPERTIES:
:PLOT_ID: PLT-25-002
:CUSTOM_ID: PLT-25-002
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO: PLT-25-001
:END:

Occluded lines disappear behind the surface.

Compare with [[#PLT-25-001][PLT-25-001]].

#+name: plot-PLT-25-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-002.svg'
set label 999 'PLT-25-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set hidden3d
set xrange [-3:3]
set yrange [-3:3]
set isosamples 18,18
set ztics 0.5
set view 60,30
splot sin(x)*cos(y) with lines notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-002.svg]]

| Parameter  | Meaning                                        |
|------------+------------------------------------------------|
| =hidden3d= | Perform hidden-line removal for line surfaces. |

** PLT-25-003 Colour the surface height
:PROPERTIES:
:PLOT_ID: PLT-25-003
:CUSTOM_ID: PLT-25-003
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO: PLT-25-001
:END:

Filled grid cells replace the wireframe; the colourbar explains the height-to-colour mapping.

Compare with [[#PLT-25-001][PLT-25-001]].

#+name: plot-PLT-25-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-003.svg'
set label 999 'PLT-25-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 40,40
set ztics 0.5
set cbtics 0.5
set view 60,30
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-003.svg]]

| Parameter   | Meaning                                               |
|-------------+-------------------------------------------------------|
| =with pm3d= | Fill grid cells with palette colours determined by z. |
| =40,40=     | Increase mesh density for a smoother-looking surface. |

** PLT-25-004 Change the surface viewing angle
:PROPERTIES:
:PLOT_ID: PLT-25-004
:CUSTOM_ID: PLT-25-004
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO: PLT-25-003
:END:

Changing the view rotates the projection without changing the surface data. A map view removes perspective and is often easier for reading contour positions.

Compare with [[#PLT-25-003][PLT-25-003]].

#+name: plot-PLT-25-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-004.svg'
set label 999 'PLT-25-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 40,40
set view 35,120
set ztics 1
splot sin(x)*cos(y) with pm3d notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-004.svg]]

| Parameter     | Meaning                                                                   |
|---------------+---------------------------------------------------------------------------|
| =view 35,120= | Set the x-axis rotation and z-axis rotation in degrees.                   |
| =ztics 1=     | Keep the shortened projected z axis readable with only three major ticks. |
| =view map=    | Select the top-down map projection used in the colour-map examples.       |

** PLT-25-005 Compare coarse and fine surface sampling
:PROPERTIES:
:PLOT_ID: PLT-25-005
:CUSTOM_ID: PLT-25-005
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO:
:END:

Isosamples sets the grid density for a function surface. Higher density produces smoother colour patches at a greater rendering cost; it does not interpolate measurements from a data file.

#+name: plot-PLT-25-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-005.svg'
set label 999 'PLT-25-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set multiplot layout 1,2
set xrange [-3:3]
set yrange [-3:3]
set zrange [-1:1]
set cbrange [-1:1]
unset colorbox
set view 60,30
set title "12 脳 12 isolines"
set isosamples 12,12
splot sin(x)*cos(y) with pm3d notitle
set title "60 脳 60 isolines"
set isosamples 60,60
splot sin(x)*cos(y) with pm3d notitle
unset multiplot
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-005.svg]]

| Parameter              | Meaning                                                            |
|------------------------+--------------------------------------------------------------------|
| =isosamples nx,ny=     | Control the number of isolines in each function-surface direction. |
| =same ranges and view= | Hold geometry and colour mapping fixed while comparing density.    |

** PLT-25-006 Project contour lines into a map
:PROPERTIES:
:PLOT_ID: PLT-25-006
:CUSTOM_ID: PLT-25-006
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO:
:END:

Contours join points of equal height. Suppress the surface and look straight down at its base plane.

#+name: plot-PLT-25-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-006.svg'
set label 999 'PLT-25-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 60,60
set contour base
set cntrparam levels incremental -0.75,0.25,0.75
unset surface
set view map
splot sin(x)*cos(y) with lines notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-006.svg]]

| Parameter                            | Meaning                                             |
|--------------------------------------+-----------------------------------------------------|
| =contour base=                       | Generate contours projected onto the base plane.    |
| =levels incremental -0.75,0.25,0.75= | Start at -0.75, increment by 0.25 and stop at 0.75. |
| =unset surface / view map=           | Hide the mesh and use a top-down view.              |

** PLT-25-007 Choose only specific contour levels
:PROPERTIES:
:PLOT_ID: PLT-25-007
:CUSTOM_ID: PLT-25-007
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO: PLT-25-006
:END:

A discrete list focuses on selected thresholds.

Compare with [[#PLT-25-006][PLT-25-006]].

#+name: plot-PLT-25-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-007.svg'
set label 999 'PLT-25-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:3]
set yrange [-3:3]
set isosamples 60,60
set contour base
set cntrparam levels discrete -0.5,0,0.5
unset surface
set view map
splot sin(x)*cos(y) with lines notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-007.svg]]

| Parameter         | Meaning                                           |
|-------------------+---------------------------------------------------|
| =levels discrete= | Generate exactly the three listed contour values. |

** PLT-25-008 Draw a polar curve
:PROPERTIES:
:PLOT_ID: PLT-25-008
:CUSTOM_ID: PLT-25-008
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO:
:END:

In polar mode the function returns radius as a function of angle t.

#+name: plot-PLT-25-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-008.svg'
set label 999 'PLT-25-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set polar
set angles radians
set trange [0:2*pi]
set samples 400
set size ratio -1
set xrange [-1.2:1.2]
set yrange [-1.2:1.2]
plot cos(3*t) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-008.svg]]

| Parameter         | Meaning                                                                                             |
|-------------------+-----------------------------------------------------------------------------------------------------|
| =trange [0:2*pi]= | Sweep one full rotation in radians.                                                                 |
| =cos(3*t)=        | Radius changes with angle; negative radii are reflected through the origin, producing three petals. |
| =samples 400=     | Sample the angular parameter densely enough for a smooth curve.                                     |

** PLT-25-009 Add a polar grid
:PROPERTIES:
:PLOT_ID: PLT-25-009
:CUSTOM_ID: PLT-25-009
:TOPIC: 25 路 Surfaces, contours and polar curves
:COMPARE_TO: PLT-25-008
:END:

Angular spokes and radial rings make positions easier to estimate.

Compare with [[#PLT-25-008][PLT-25-008]].

#+name: plot-PLT-25-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-25-009.svg'
set label 999 'PLT-25-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set polar
set angles radians
set trange [0:2*pi]
set samples 400
set grid polar pi/6
set rtics 0.25
set rrange [0:1]
set size ratio -1
set xrange [-1.2:1.2]
set yrange [-1.2:1.2]
plot cos(3*t) with lines linewidth 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-25-009.svg]]

| Parameter         | Meaning                                         |
|-------------------+-------------------------------------------------|
| =grid polar pi/6= | Draw spokes every pi/6 radians (30 degrees).    |
| =rtics 0.25=      | Draw radial ticks at quarter-unit intervals.    |
| =rrange [0:1]=    | Set the displayed radial axis from zero to one. |

* 26 路 Spider plots and radar charts
:PROPERTIES:
:CUSTOM_ID: PLT-26-000
:CHAPTER: 26
:END:

Spider plots are also called radar charts or spiderweb plots. The examples below cover spoke ranges and notation, name rotation and radial offsets, numeric ticks, fill and outline, markers, web and spoke styling, and multiple datasets. Axis one is fixed at the top; reorder columns to choose the starting variable. Native numeric tick rotation is not implemented in gnuplot 6.0.5; PLT-26-013 shows a label-based alternative. Use =reset= before returning to ordinary Cartesian plots.

** PLT-26-001 Start a native spider plot
:PROPERTIES:
:PLOT_ID: PLT-26-001
:CUSTOM_ID: PLT-26-001
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO:
:END:

Each data row makes a polygon and each selected column makes a spoke. Axis one points upward; the remaining axes proceed clockwise at equal angles. Fix the spoke ranges so polygon sizes remain comparable.

#+name: plot-PLT-26-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-001.svg'
set label 999 'PLT-26-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label sprintf("Axis %d",p)
set style spiderplot fs empty border lw 3
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-001.svg]]

| Parameter                | Meaning                                                                               |
|--------------------------+---------------------------------------------------------------------------------------|
| =set spiderplot=         | Enable radar coordinates, hide Cartesian ticks and borders, and make the plot square. |
| =paxis p range [0:100]=  | Map zero to the centre and 100 to the end of each spoke.                              |
| =using i=                | Select a different column for each successive spoke.                                  |
| =paxis p tics format ""= | Hide repeated numeric labels, retaining tick positions.                               |

** PLT-26-002 Add the polygonal spiderweb
:PROPERTIES:
:PLOT_ID: PLT-26-002
:CUSTOM_ID: PLT-26-002
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-001
:END:

Connect matching tick levels across the spokes to form nested polygons. The grid sits behind the data. These rings use spoke tick positions rather than Cartesian x/y ticks.

Compare with [[#PLT-26-001][PLT-26-001]].

#+name: plot-PLT-26-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-002.svg'
set label 999 'PLT-26-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label sprintf("Axis %d",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-002.svg]]

| Parameter         | Meaning                                    |
|-------------------+--------------------------------------------|
| =grid spiderplot= | Draw a web connecting radial axis ticks.   |
| =back=            | Draw the grid underneath the data polygon. |

** PLT-26-003 Change the number of web rings
:PROPERTIES:
:PLOT_ID: PLT-26-003
:CUSTOM_ID: PLT-26-003
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-002
:END:

A tick interval of 25 produces fewer web levels than an interval of 20. Apply the same positions to all spokes for a coherent grid.

Compare with [[#PLT-26-002][PLT-26-002]].

#+name: plot-PLT-26-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-003.svg'
set label 999 'PLT-26-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 25 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label sprintf("Axis %d",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-003.svg]]

| Parameter         | Meaning                                                      |
|-------------------+--------------------------------------------------------------|
| =paxis p tics 25= | Place radial ticks at multiples of 25 on each 0-to-100 axis. |

** PLT-26-004 Show numeric notation on every spoke
:PROPERTIES:
:PLOT_ID: PLT-26-004
:CUSTOM_ID: PLT-26-004
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-002
:END:

Remove the empty formats to repeat numeric tick labels around the web. This is useful for separate units, but shared scales are usually clearer when labelled on just one spoke.

Compare with [[#PLT-26-002][PLT-26-002]].

#+name: plot-PLT-26-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-004.svg'
set label 999 'PLT-26-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=1:5] paxis p label sprintf("Axis %d",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set for [p=1:5] paxis p label offset 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-004.svg]]

| Parameter         | Meaning                                                        |
|-------------------+----------------------------------------------------------------|
| =tics font ",14"= | Use smaller numeric text than the spoke names.                 |
| =format ""=       | Omitting this suppression restores the default numeric labels. |

** PLT-26-005 Give each spoke a meaningful name
:PROPERTIES:
:PLOT_ID: PLT-26-005
:CUSTOM_ID: PLT-26-005
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-002
:END:

Set axis names independently of the dataset. Use notitle in the plot command so a component title does not replace the paxis label.

Compare with [[#PLT-26-002][PLT-26-002]].

#+name: plot-PLT-26-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-005.svg'
set label 999 'PLT-26-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-005.svg]]

| Parameter       | Meaning                                                               |
|-----------------+-----------------------------------------------------------------------|
| =paxis p label= | Name the corresponding spoke.                                         |
| =word(text,p)=  | Select the p-th space-separated name.                                 |
| =notitle=       | Preserve explicit axis names; spiderplot component titles label axes. |

** PLT-26-006 Rotate individual spoke labels
:PROPERTIES:
:PLOT_ID: PLT-26-006
:CUSTOM_ID: PLT-26-006
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

Rotate the right-hand and left-hand names by different angles. This rotates the text baseline, not the spokes or polygon. The SVG terminal supports these label angles.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-006.svg'
set label 999 'PLT-26-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set paxis 2 label rotate by -30
set paxis 5 label rotate by 30
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-006.svg]]

| Parameter             | Meaning                                                                  |
|-----------------------+--------------------------------------------------------------------------|
| =label rotate by -30= | Turn the second spoke name clockwise by 30 degrees.                      |
| =label rotate by 30=  | Turn the fifth name counterclockwise; norotate restores horizontal text. |

** PLT-26-007 Move spoke names radially outward
:PROPERTIES:
:PLOT_ID: PLT-26-007
:CUSTOM_ID: PLT-26-007
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

The paxis label offset is a scalar radial displacement in character-sized units. It moves each name away from the centre along its spoke, rather than applying the ordinary x,y label offset.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-007.svg'
set label 999 'PLT-26-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set for [p=1:5] paxis p label offset 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-007.svg]]

| Parameter         | Meaning                                                                                                  |
|-------------------+----------------------------------------------------------------------------------------------------------|
| =label offset 1=  | Add one character-sized step outward along the spoke; the distance depends on the terminal font metrics. |
| =negative offset= | Move a name inward; check clearance from the data and ticks.                                             |

** PLT-26-008 Style the spoke-name font and colour
:PROPERTIES:
:PLOT_ID: PLT-26-008
:CUSTOM_ID: PLT-26-008
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

Keep numeric ticks modest and make category names larger and coloured. Font metrics affect the space required around the web.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-008.svg'
set label 999 'PLT-26-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set for [p=1:5] paxis p label font ",24" textcolor rgb "#00549F"
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-008.svg]]

| Parameter          | Meaning                                                       |
|--------------------+---------------------------------------------------------------|
| =label font ",24"= | Change spoke-name size while keeping the current font family. |
| =textcolor rgb=    | Give names an explicit colour, independent of data lines.     |

** PLT-26-009 Use multiline and literal spoke names
:PROPERTIES:
:PLOT_ID: PLT-26-009
:CUSTOM_ID: PLT-26-009
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

A newline splits a long name. Disable enhanced text for an identifier containing an underscore so it prints literally rather than as a subscript.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-009.svg'
set label 999 'PLT-26-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set paxis 1 label "Response\ntime" font ",18" offset 1
set paxis 3 label "cost_index" noenhanced font ",18"
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-009.svg]]

| Parameter                 | Meaning                                                   |
|---------------------------+-----------------------------------------------------------|
| =\n inside double quotes= | Break the first name over two lines.                      |
| =label noenhanced=        | Print the underscore literally; enhanced restores markup. |

** PLT-26-010 Format a spoke scale as percentages
:PROPERTIES:
:PLOT_ID: PLT-26-010
:CUSTOM_ID: PLT-26-010
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

These scores already use the 0-to-100 percentage scale. Add a percent sign to their tick text. For fractional input such as 0.7, multiply by 100 in the using expression first; formatting alone does not rescale data.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-010.svg'
set label 999 'PLT-26-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set paxis 1 tics format "%.0f%%"
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-010.svg]]

| Parameter          | Meaning                                              |
|--------------------+------------------------------------------------------|
| =%.0f%%=           | Print an integer followed by a literal percent sign. |
| =fractional input= | Use column(i)*100.0 with a 0-to-100 spoke range.     |

** PLT-26-011 Use words for radial tick levels
:PROPERTIES:
:PLOT_ID: PLT-26-011
:CUSTOM_ID: PLT-26-011
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

Replace numbers on the first spoke with named thresholds. Set the same level positions on every spoke, then hide the other text labels.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-011.svg'
set label 999 'PLT-26-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set for [p=1:5] paxis p tics ("Low" 25, "Medium" 50, "High" 75, "Max" 100)
set for [p=2:5] paxis p tics format "" ("" 25, "" 50, "" 75, "" 100)
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-011.svg]]

| Parameter               | Meaning                                                                      |
|-------------------------+------------------------------------------------------------------------------|
| =label/value pairs=     | Place named radial thresholds at selected numeric positions.                 |
| =explicit empty labels= | Suppress literal labels on other spokes; format alone does not replace them. |

** PLT-26-012 Change numeric tick text and offset
:PROPERTIES:
:PLOT_ID: PLT-26-012
:CUSTOM_ID: PLT-26-012
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

Move the first spoke tick labels to the right and give them a distinct text style. In gnuplot 6.0.5, native spiderplot tick text stays horizontal even if paxis tics rotate is requested; PLT-26-013 supplies rotated labels explicitly.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-012.svg'
set label 999 'PLT-26-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set paxis 1 tics font ",18" textcolor rgb "#CC071E" offset 1,0
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-012.svg]]

| Parameter         | Meaning                                               |
|-------------------+-------------------------------------------------------|
| =tics offset 1,0= | Move tick text one character width to the right.      |
| =tics textcolor=  | Colour the text; this does not colour the spoke line. |

** PLT-26-013 Rotate numeric tick labels explicitly
:PROPERTIES:
:PLOT_ID: PLT-26-013
:CUSTOM_ID: PLT-26-013
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-012
:END:

Native spiderplot tick rotation is ignored in gnuplot 6.0.5. Hide the first spoke numeric text and draw matching labels in normalised Cartesian coordinates instead. Keep the native tick positions so the web does not change.

Compare with [[#PLT-26-012][PLT-26-012]].

#+name: plot-PLT-26-013
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-013.svg'
set label 999 'PLT-26-013' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set paxis 1 tics format ""
set for [v=20:100:20] label v sprintf("%d",v)     at first 0.05,v/100.0 left rotate by 30 font ",14" front
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-013.svg]]

| Parameter            | Meaning                                                                   |
|----------------------+---------------------------------------------------------------------------|
| =first 0.05,v/100.0= | Place text beside the vertical spoke; its radius runs from zero to one.   |
| =rotate by 30=       | Rotate these ordinary labels counterclockwise; SVG supports the rotation. |
| =label tags 20..100= | Keep custom labels distinct from reserved ID label 999.                   |

** PLT-26-014 Give spokes different units and ranges
:PROPERTIES:
:PLOT_ID: PLT-26-014
:CUSTOM_ID: PLT-26-014
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-004
:END:

Each spoke maps its own range to the same radial length. Here seconds, percentages, euros, counts and hours have separate tick units. Similar polygon radii therefore do not imply equal raw values.

Compare with [[#PLT-26-004][PLT-26-004]].

#+name: plot-PLT-26-014
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-014.svg'
set label 999 'PLT-26-014' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
7 45 850 55 6.5
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set paxis 1 range [0:10]
set paxis 3 range [0:1000]
set paxis 5 range [0:10]
set paxis 1 label "Time"
set paxis 2 label "Quality"
set paxis 3 label "Cost"
set paxis 4 label "Count"
set paxis 5 label "Hours"
set paxis 1 tics 2 format "%g s" font ",12"
set paxis 2 tics 20 format "%.0f%%" font ",12"
set paxis 3 tics 200 format "%.0f EUR" font ",12"
set paxis 4 tics 20 format "%.0f" font ",12"
set paxis 5 tics 2 format "%g h" font ",12"
set for [p=1:5] paxis p label offset 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-014.svg]]

| Parameter                 | Meaning                                                    |
|---------------------------+------------------------------------------------------------|
| =individual paxis ranges= | Normalise each raw variable to its own radial interval.    |
| =tics format=             | Print appropriate units; %% prints a literal percent sign. |

** PLT-26-015 Reverse a lower-is-better spoke
:PROPERTIES:
:PLOT_ID: PLT-26-015
:CUSTOM_ID: PLT-26-015
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

Reverse the second axis so a low raw value sits farther from the centre. All other axes retain their original direction. Label the reversal explicitly to keep the chart interpretable.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-015
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-015.svg'
set label 999 'PLT-26-015' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set paxis 2 range [100:0]
set paxis 2 label "Delay (reversed)" font ",16"
set paxis 2 tics 25 format "%.0f" font ",12"
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-015.svg]]

| Parameter       | Meaning                                            |
|-----------------+----------------------------------------------------|
| =range [100:0]= | Map 100 to the centre and zero to the outer end.   |
| =value 45=      | The second score lies at 55 percent of the radius. |

** PLT-26-016 Choose which variable starts at the top
:PROPERTIES:
:PLOT_ID: PLT-26-016
:CUSTOM_ID: PLT-26-016
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

The first spoke stays vertical in native spiderplot mode. Reorder the columns and names together to place a different variable at the top. This changes the polygon geometry, rather than rotating the whole chart freely.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-016
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-016.svg'
set label 999 'PLT-26-016' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
array Order[5] = [3,4,5,1,2]
Names = "Speed Quality Value Support Capacity"
set for [p=1:5] paxis p label word(Names,Order[p])
plot for [i=1:5] $D using (column(Order[i])) lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-016.svg]]

| Parameter             | Meaning                                                            |
|-----------------------+--------------------------------------------------------------------|
| =Order = [3,4,5,1,2]= | Place Value at the top, then Support, Capacity, Speed and Quality. |
| =labels and columns=  | Apply the same permutation so names match their data.              |

** PLT-26-017 Fill the polygon transparently
:PROPERTIES:
:PLOT_ID: PLT-26-017
:CUSTOM_ID: PLT-26-017
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

A translucent fill shows the polygon area while leaving the web visible. Radar area depends on axis ordering and scale choices; it is not an independent total score.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-017
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-017.svg'
set label 999 'PLT-26-017' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs transparent solid 0.25 border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-017.svg]]

| Parameter                   | Meaning                                 |
|-----------------------------+-----------------------------------------|
| =fs transparent solid 0.25= | Fill the polygon at 25 percent opacity. |
| =border lw 3=               | Retain a visible polygon outline.       |

** PLT-26-018 Remove the polygon border
:PROPERTIES:
:PLOT_ID: PLT-26-018
:CUSTOM_ID: PLT-26-018
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-017
:END:

Use the coloured fill alone to describe the scores. The web and spoke lines have their own settings and remain visible.

Compare with [[#PLT-26-017][PLT-26-017]].

#+name: plot-PLT-26-018
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-018.svg'
set label 999 'PLT-26-018' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs transparent solid 0.45 noborder
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-018.svg]]

| Parameter    | Meaning                                                  |
|--------------+----------------------------------------------------------|
| =noborder=   | Suppress the data polygon outline.                       |
| =solid 0.45= | Increase opacity so the borderless area remains visible. |

** PLT-26-019 Mark every polygon vertex
:PROPERTIES:
:PLOT_ID: PLT-26-019
:CUSTOM_ID: PLT-26-019
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-017
:END:

Points mark the actual score on each spoke. Set their symbol and size in the spiderplot style, alongside the outline and fill.

Compare with [[#PLT-26-017][PLT-26-017]].

#+name: plot-PLT-26-019
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-019.svg'
set label 999 'PLT-26-019' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs transparent solid 0.25 border lw 3 pt 7 ps 1.5
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-019.svg]]

| Parameter | Meaning                                              |
|-----------+------------------------------------------------------|
| =pt 7=    | Use a filled circular marker with this SVG terminal. |
| =ps 1.5=  | Scale vertex symbols by a factor of 1.5.             |

** PLT-26-020 Choose a dashed polygon outline
:PROPERTIES:
:PLOT_ID: PLT-26-020
:CUSTOM_ID: PLT-26-020
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

Line colour, width and dash pattern belong to the data polygon. Use an empty fill here so the outline change is easy to see.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-020
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-020.svg'
set label 999 'PLT-26-020' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
plot for [i=1:5] $D using i lc rgb "#CC071E" lw 4 dt 2 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-020.svg]]

| Parameter              | Meaning                                             |
|------------------------+-----------------------------------------------------|
| =lc rgb; lw; dt=       | Select a red, width-four, dashed data outline.      |
| =first plot component= | Its style options establish the polygon appearance. |

** PLT-26-021 Style the radial spoke lines
:PROPERTIES:
:PLOT_ID: PLT-26-021
:CUSTOM_ID: PLT-26-021
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-005
:END:

The parallelaxis style controls the radial axes too. Change their colour and width without changing the polygon or connecting web rings.

Compare with [[#PLT-26-005][PLT-26-005]].

#+name: plot-PLT-26-021
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-021.svg'
set label 999 'PLT-26-021' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs empty border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set style parallelaxis back lc rgb "#0098A1" lw 2
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-021.svg]]

| Parameter            | Meaning                                    |
|----------------------+--------------------------------------------|
| =style parallelaxis= | Set radial axis line properties and layer. |
| =back=               | Keep the spokes behind the data.           |

** PLT-26-022 Style and layer the web grid
:PROPERTIES:
:PLOT_ID: PLT-26-022
:CUSTOM_ID: PLT-26-022
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-017
:END:

Use a stronger dashed grid in front of a filled polygon. Front-layer lines remain visible above the fill; use back for a quieter background web.

Compare with [[#PLT-26-017][PLT-26-017]].

#+name: plot-PLT-26-022
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-022.svg'
set label 999 'PLT-26-022' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs transparent solid 0.25 border lw 3
set grid spiderplot front lt 1 lc rgb "#646567" lw 1.5 dt 2
plot for [i=1:5] $D using i lc rgb "#00549F" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-022.svg]]

| Parameter         | Meaning                                                     |
|-------------------+-------------------------------------------------------------|
| =grid lc; lw; dt= | Set web-ring colour, width and dash pattern.                |
| =front / back=    | Choose whether the web is drawn above or below the polygon. |

** PLT-26-023 Compare several rows and name the series
:PROPERTIES:
:PLOT_ID: PLT-26-023
:CUSTOM_ID: PLT-26-023
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-017
:END:

Each row becomes a separate polygon. key(1) supplies the row name for the legend; ordinary plot titles would instead name spokes. Shared ranges keep the comparison consistent.

Compare with [[#PLT-26-017][PLT-26-017]].

#+name: plot-PLT-26-023
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-023.svg'
set label 999 'PLT-26-023' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
Alpha 70 45 85 55 65
Beta 45 80 55 75 40
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs transparent solid 0.25 border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set key top right font ",16"
plot for [i=2:6] $D using i:key(1) notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-023.svg]]

| Parameter        | Meaning                                                            |
|------------------+--------------------------------------------------------------------|
| =using i:key(1)= | Use column i for a spoke and column one for each series name.      |
| =multiple rows=  | Generate one polygon per row; default line types distinguish them. |

** PLT-26-024 Combine separate datasets with newspiderplot
:PROPERTIES:
:PLOT_ID: PLT-26-024
:CUSTOM_ID: PLT-26-024
:TOPIC: 26 路 Spider plots and radar charts
:COMPARE_TO: PLT-26-023
:END:

A new polygon group needs newspiderplot between the spoke sequences. Without it, two five-column datasets would be interpreted as ten successive spokes. Use explicit legend samples for the two groups.

Compare with [[#PLT-26-023][PLT-26-023]].

#+name: plot-PLT-26-024
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-26-024.svg'
set label 999 'PLT-26-024' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
70 45 85 55 65
EOD
$B << EOD
45 80 55 75 40
EOD
set spiderplot
unset key
set for [p=1:5] paxis p range [0:100]
set for [p=1:5] paxis p tics 20 font ",14"
set for [p=2:5] paxis p tics format ""
set for [p=1:5] paxis p label word("Speed Quality Value Support Capacity",p)
set style spiderplot fs transparent solid 0.25 border lw 3
set grid spiderplot back lt 1 lc rgb "#9C9E9F" lw 1
set key top right font ",16"
plot keyentry with spiderplot lc rgb "#00549F" title "Alpha",      for [i=1:5] $D using i lc rgb "#00549F" notitle,      newspiderplot,      keyentry with spiderplot lc rgb "#CC071E" title "Beta",      for [i=1:5] $B using i lc rgb "#CC071E" notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-26-024.svg]]

| Parameter       | Meaning                                               |
|-----------------+-------------------------------------------------------|
| =newspiderplot= | Restart spoke numbering for the next polygon group.   |
| =keyentry=      | Add a legend sample without overwriting a spoke name. |

* 27 路 Sectors, pies and donuts
:PROPERTIES:
:CUSTOM_ID: PLT-27-000
:CHAPTER: 27
:END:

** PLT-27-001 Draw a single sector
:PROPERTIES:
:PLOT_ID: PLT-27-001
:CUSTOM_ID: PLT-27-001
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO:
:END:

gnuplot 6 adds the sectors style. Begin with a quarter disk: the radius and angle are explicit.

#+name: plot-PLT-27-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-001.svg'
set label 999 'PLT-27-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 90
EOD
set polar
set angles degrees
set theta top cw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set style fill solid 1 border
plot $D using 1:(0):2:(1) with sectors
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-001.svg]]

| Parameter                     | Meaning                                                                                                       |
|-------------------------------+---------------------------------------------------------------------------------------------------------------|
| =set polar; angles degrees=   | Interpret polar positions as angle and radius; angles are measured in degrees.                                |
| =theta top cw=                | Put zero degrees at the top and increase clockwise.                                                           |
| =ratio -1=                    | Use equal physical scale on x and y, so circles stay circular.                                                |
| =1:(0):2:(1)=                 | Start angle from column 1, inner radius 0, span from column 2, radial width 1. Outer radius is inner + width. |
| =unset raxis / tics / border= | Hide radial axis, tick marks and rectangular frame.                                                           |

** PLT-27-002 Complete a three-slice pie
:PROPERTIES:
:PLOT_ID: PLT-27-002
:CUSTOM_ID: PLT-27-002
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO: PLT-27-001
:END:

The spans sum to 360 degrees. These example shares are 40%, 35% and 25%.

Compare with [[#PLT-27-001][PLT-27-001]].

#+name: plot-PLT-27-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-002.svg'
set label 999 'PLT-27-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 144
144 126
270 90
EOD
set polar
set angles degrees
set theta top cw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set style fill solid 1 border
plot $D using 1:(0):2:(1) with sectors
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-002.svg]]

| Parameter      | Meaning                                                                            |
|----------------+------------------------------------------------------------------------------------|
| =0, 144, 270=  | Cumulative start angles; each slice begins where the preceding one ends.           |
| =144, 126, 90= | Angular span = 360 * share / total. Negative values are unsuitable for pie shares. |

** PLT-27-003 Assign distinct slice colours
:PROPERTIES:
:PLOT_ID: PLT-27-003
:CUSTOM_ID: PLT-27-003
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO: PLT-27-002
:END:

Use the row index as the colour selector.

Compare with [[#PLT-27-002][PLT-27-002]].

#+name: plot-PLT-27-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-003.svg'
set label 999 'PLT-27-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 144
144 126
270 90
EOD
set polar
set angles degrees
set theta top cw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set style fill solid 1 border
plot $D using 1:(0):2:(1):($0+1) \
     with sectors linecolor variable
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-003.svg]]

| Parameter            | Meaning                                                                                        |
|----------------------+------------------------------------------------------------------------------------------------|
| =$0=                 | Zero-based record index; adding one selects line colours 1, 2, 3.                              |
| =linecolor variable= | Use the extra numeric field as a line-type colour index; default colours can vary by terminal. |

** PLT-27-004 Separate slices with white borders
:PROPERTIES:
:PLOT_ID: PLT-27-004
:CUSTOM_ID: PLT-27-004
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO: PLT-27-003
:END:

Custom line colours and a white outline make the segments easier to distinguish.

Compare with [[#PLT-27-003][PLT-27-003]].

#+name: plot-PLT-27-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-004.svg'
set label 999 'PLT-27-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 144
144 126
270 90
EOD
set polar
set angles degrees
set theta top cw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set linetype 1 linecolor rgb "#00549F"
set linetype 2 linecolor rgb "#F6A800"
set linetype 3 linecolor rgb "#57AB27"
set style fill solid 1 border linecolor rgb "white"
plot $D using 1:(0):2:(1):($0+1) \
     with sectors linecolor variable linewidth 3
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-004.svg]]

| Parameter                      | Meaning                                                   |
|--------------------------------+-----------------------------------------------------------|
| =set linetype 1/2/3=           | Assign explicit RGB colours to the three indexed styles.  |
| =border linecolor rgb "white"= | Use white borders while keeping the variable fill colour. |
| =linewidth 3=                  | Thicken the boundaries between slices.                    |

** PLT-27-005 Label the percentages
:PROPERTIES:
:PLOT_ID: PLT-27-005
:CUSTOM_ID: PLT-27-005
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO: PLT-27-004
:END:

Place text at each angular midpoint and at radius 0.65.

Compare with [[#PLT-27-004][PLT-27-004]].

#+name: plot-PLT-27-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-005.svg'
set label 999 'PLT-27-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 144
144 126
270 90
EOD
set polar
set angles degrees
set theta top cw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set linetype 1 linecolor rgb "#00549F"
set linetype 2 linecolor rgb "#F6A800"
set linetype 3 linecolor rgb "#57AB27"
set style fill solid 1 border linecolor rgb "white"
plot $D using 1:(0):2:(1):($0+1) \
     with sectors linecolor variable linewidth 3, \
     $D using ($1+$2/2):(0.65):\
     (sprintf("%.0f%%",$2/3.6)) with labels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-005.svg]]

| Parameter | Meaning                                                  |
|-----------+----------------------------------------------------------|
| =$1+$2/2= | Start angle plus half the span gives the slice midpoint. |
| =0.65=    | Label radius measured from the centre.                   |
| =$2/3.6=  | Convert degrees to percentage points: span / 360 * 100.  |

** PLT-27-006 Open a donut hole
:PROPERTIES:
:PLOT_ID: PLT-27-006
:CUSTOM_ID: PLT-27-006
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO: PLT-27-005
:END:

Keep the outer radius equal to one while creating an empty centre.

Compare with [[#PLT-27-005][PLT-27-005]].

#+name: plot-PLT-27-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-006.svg'
set label 999 'PLT-27-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 144
144 126
270 90
EOD
set polar
set angles degrees
set theta top cw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set linetype 1 linecolor rgb "#00549F"
set linetype 2 linecolor rgb "#F6A800"
set linetype 3 linecolor rgb "#57AB27"
set style fill solid 1 border linecolor rgb "white"
plot $D using 1:(0.4):2:(0.6):($0+1) \
     with sectors linecolor variable linewidth 3, \
     $D using ($1+$2/2):(0.65):\
     (sprintf("%.0f%%",$2/3.6)) with labels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-006.svg]]

| Parameter          | Meaning                                                                         |
|--------------------+---------------------------------------------------------------------------------|
| =inner radius 0.4= | Leave the central disk empty.                                                   |
| =radial width 0.6= | Outer radius = 0.4 + 0.6 = 1. The fourth field is a width, not an outer radius. |

** PLT-27-007 Make the donut ring thinner
:PROPERTIES:
:PLOT_ID: PLT-27-007
:CUSTOM_ID: PLT-27-007
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO: PLT-27-006
:END:

Both radii change together so the outside size stays fixed.

Compare with [[#PLT-27-006][PLT-27-006]].

#+name: plot-PLT-27-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-007.svg'
set label 999 'PLT-27-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 144
144 126
270 90
EOD
set polar
set angles degrees
set theta top cw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set linetype 1 linecolor rgb "#00549F"
set linetype 2 linecolor rgb "#F6A800"
set linetype 3 linecolor rgb "#57AB27"
set style fill solid 1 border linecolor rgb "white"
plot $D using 1:(0.7):2:(0.3):($0+1) \
     with sectors linecolor variable linewidth 3, \
     $D using ($1+$2/2):(0.85):\
     (sprintf("%.0f%%",$2/3.6)) with labels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-007.svg]]

| Parameter           | Meaning                                                            |
|---------------------+--------------------------------------------------------------------|
| =0.7 and 0.3=       | Increase the inner radius and reduce the width by the same amount. |
| =label radius 0.85= | Move the labels to the middle of the thinner ring.                 |

** PLT-27-008 Reverse the angular direction
:PROPERTIES:
:PLOT_ID: PLT-27-008
:CUSTOM_ID: PLT-27-008
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO: PLT-27-006
:END:

Change only the direction in which the slices are laid out.

Compare with [[#PLT-27-006][PLT-27-006]].

#+name: plot-PLT-27-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-008.svg'
set label 999 'PLT-27-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 144
144 126
270 90
EOD
set polar
set angles degrees
set theta top ccw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set linetype 1 linecolor rgb "#00549F"
set linetype 2 linecolor rgb "#F6A800"
set linetype 3 linecolor rgb "#57AB27"
set style fill solid 1 border linecolor rgb "white"
plot $D using 1:(0.4):2:(0.6):($0+1) \
     with sectors linecolor variable linewidth 3, \
     $D using ($1+$2/2):(0.65):\
     (sprintf("%.0f%%",$2/3.6)) with labels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-008.svg]]

| Parameter | Meaning                                                                           |
|-----------+-----------------------------------------------------------------------------------|
| =ccw=     | Increase angles counterclockwise from the top; shares and colours stay unchanged. |

** PLT-27-009 Add a central total
:PROPERTIES:
:PLOT_ID: PLT-27-009
:CUSTOM_ID: PLT-27-009
:TOPIC: 27 路 Sectors, pies and donuts
:COMPARE_TO: PLT-27-006
:END:

The hole can carry one short summary. Keep the surrounding labels uncluttered.

Compare with [[#PLT-27-006][PLT-27-006]].

#+name: plot-PLT-27-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-27-009.svg'
set label 999 'PLT-27-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
0 144
144 126
270 90
EOD
set polar
set angles degrees
set theta top cw
set size ratio -1
set xrange [-1.3:1.3]
set yrange [-1.3:1.3]
unset border
unset raxis
unset tics
unset key
set linetype 1 linecolor rgb "#00549F"
set linetype 2 linecolor rgb "#F6A800"
set linetype 3 linecolor rgb "#57AB27"
set style fill solid 1 border linecolor rgb "white"
set label 1 "Total\n100" at 0,0 center
plot $D using 1:(0.4):2:(0.6):($0+1) \
     with sectors linecolor variable linewidth 3, \
     $D using ($1+$2/2):(0.65):\
     (sprintf("%.0f%%",$2/3.6)) with labels
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-27-009.svg]]

| Parameter       | Meaning                                                                        |
|-----------------+--------------------------------------------------------------------------------|
| =label 1=       | Assign a reusable label tag; it is separate from the reserved plot-ID tag 999. |
| ="Total\n100"=  | A double-quoted string interprets the backslash-n as a line break.             |
| =at 0,0 center= | Centre the text at the origin of the plot.                                     |

* 28 路 Waterfall totals and floating bars
:PROPERTIES:
:CUSTOM_ID: PLT-28-000
:CHAPTER: 28
:END:

** PLT-28-001 Start with one floating rectangle
:PROPERTIES:
:PLOT_ID: PLT-28-001
:CUSTOM_ID: PLT-28-001
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO:
:END:

A financial waterfall is a sequence of floating bars. First draw one interval without any running-total logic.

#+name: plot-PLT-28-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-001.svg'
set label 999 'PLT-28-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 4 7
EOD
set xrange [0.4:1.6]
set yrange [0:10]
set xtics ("Change" 1)
set style fill solid 1 noborder
plot $D using 1:(($2+$3)/2):($1-0.3):\
     ($1+0.3):2:3 with boxxyerrorbars notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-001.svg]]

| Parameter               | Meaning                                                        |
|-------------------------+----------------------------------------------------------------|
| =Columns: x, low, high= | This rectangle extends from y=4 to y=7.                        |
| =($2+$3)/2=             | Supply the y centre required by the six-field rectangle style. |
| =($1-0.3):($1+0.3):2:3= | Explicit x low, x high, y low and y high bounds; width is 0.6. |

** PLT-28-002 Arrange a sequence of intervals
:PROPERTIES:
:PLOT_ID: PLT-28-002
:CUSTOM_ID: PLT-28-002
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-001
:END:

Start at 10, add 4, subtract 3, then add 2. The final total is 13. A decrease still uses low < high; direction is encoded separately next.

Compare with [[#PLT-28-001][PLT-28-001]].

#+name: plot-PLT-28-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-002.svg'
set label 999 'PLT-28-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 0 10 Start
2 10 14 Gain
3 11 14 Loss
4 11 13 Gain
5 0 13 End
EOD
set xrange [0.4:5.6]
set yrange [0:16]
set style fill solid 1 noborder
plot $D using 1:(($2+$3)/2):($1-0.3):\
     ($1+0.3):2:3:xticlabels(4) with boxxyerrorbars notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-002.svg]]

| Parameter        | Meaning                                                                               |
|------------------+---------------------------------------------------------------------------------------|
| =Start and End=  | Total bars begin at zero. Intermediate bars float between the old and new total.      |
| =Loss: 11 to 14= | The decrease starts at 14 and ends at 11; the rectangle bounds must still be ordered. |
| =xticlabels(4)=  | Use the fourth column for category labels.                                            |

** PLT-28-003 Derive intervals from signed changes
:PROPERTIES:
:PLOT_ID: PLT-28-003
:CUSTOM_ID: PLT-28-003
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-002
:END:

A preprocessing pass converts deltas into rectangle bounds. The first row starts at zero; the last row is an explicit total.

Compare with [[#PLT-28-002][PLT-28-002]].

#+name: plot-PLT-28-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-003.svg'
set label 999 'PLT-28-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
Start 10
Gain 4
Loss -3
Gain 2
EOD
running = 0
set table $B
plot $D using ($0+1):\
 (old=running,running=running+$2,(old<running ? old : running)):\
 ((old>running ? old : running)) with table
unset table
set xrange [0.4:5.6]
set yrange [0:16]
set xtics ("Start" 1,"Gain" 2,"Loss" 3,"Gain" 4,"End" 5)
set style fill solid 1 noborder
set object 1 rect from 4.7,0 to 5.3,running \
    fillcolor rgb "#00549F"
plot $B using 1:(($2+$3)/2):($1-0.3):\
     ($1+0.3):2:3 with boxxyerrorbars notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-003.svg]]

| Parameter                   | Meaning                                                                                       |
|-----------------------------+-----------------------------------------------------------------------------------------------|
| =set table $B / with table= | Write evaluated columns to a datablock instead of drawing a plot.                             |
| =old=running, running=...=  | Comma expressions evaluate in order; save the old total before adding the next delta.         |
| =condition ? a : b=         | Select a when the comparison is true, otherwise b; this keeps lower and upper bounds ordered. |
| =set object 1 rect=         | Draw the final total as a rectangle from zero to running=13.                                  |

** PLT-28-004 Colour totals, gains and losses
:PROPERTIES:
:PLOT_ID: PLT-28-004
:CUSTOM_ID: PLT-28-004
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-002
:END:

Colour encodes the role of a bar, independently of its vertical bounds.

Compare with [[#PLT-28-002][PLT-28-002]].

#+name: plot-PLT-28-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-004.svg'
set label 999 'PLT-28-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 0 10 Start 0x00549F
2 10 14 Gain 0x57AB27
3 11 14 Loss 0xCC071E
4 11 13 Gain 0x57AB27
5 0 13 End 0x00549F
EOD
set xrange [0.4:5.6]
set yrange [0:16]
set style fill solid 1 noborder
plot $D using 1:(($2+$3)/2):($1-0.3):\
     ($1+0.3):2:3:5:xticlabels(4) with boxxyerrorbars linecolor rgb variable notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-004.svg]]

| Parameter               | Meaning                                                                                      |
|-------------------------+----------------------------------------------------------------------------------------------|
| =Seventh numeric field= | After the six rectangle fields, column 5 supplies an RGB integer.                            |
| =Blue / green / red=    | Totals / increases / decreases. Label the sign as well when colour alone would be ambiguous. |

** PLT-28-005 Connect the running levels
:PROPERTIES:
:PLOT_ID: PLT-28-005
:CUSTOM_ID: PLT-28-005
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-004
:END:

Short horizontal segments show how the end of one step becomes the start of the next.

Compare with [[#PLT-28-004][PLT-28-004]].

#+name: plot-PLT-28-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-005.svg'
set label 999 'PLT-28-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 0 10 Start 0x00549F
2 10 14 Gain 0x57AB27
3 11 14 Loss 0xCC071E
4 11 13 Gain 0x57AB27
5 0 13 End 0x00549F
EOD
set xrange [0.4:5.6]
set yrange [0:16]
set style fill solid 1 noborder
set arrow 1 from 1.3,10 to 1.7,10 nohead dt 2
set arrow 2 from 2.3,14 to 2.7,14 nohead dt 2
set arrow 3 from 3.3,11 to 3.7,11 nohead dt 2
set arrow 4 from 4.3,13 to 4.7,13 nohead dt 2
plot $D using 1:(($2+$3)/2):($1-0.3):\
     ($1+0.3):2:3:5:xticlabels(4) with boxxyerrorbars linecolor rgb variable notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-005.svg]]

| Parameter           | Meaning                                                                                |
|---------------------+----------------------------------------------------------------------------------------|
| =from x1,y to x2,y= | Draw from the right edge of one bar to the left edge of the next at the running total. |
| =nohead dt 2=       | Use a dashed line without an arrowhead.                                                |

** PLT-28-006 Print the signed changes
:PROPERTIES:
:PLOT_ID: PLT-28-006
:CUSTOM_ID: PLT-28-006
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-004
:END:

Labels make increases and decreases explicit. The total bars show their absolute values.

Compare with [[#PLT-28-004][PLT-28-004]].

#+name: plot-PLT-28-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-006.svg'
set label 999 'PLT-28-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 0 10 Start 0x00549F "10"
2 10 14 Gain 0x57AB27 "+4"
3 11 14 Loss 0xCC071E "-3"
4 11 13 Gain 0x57AB27 "+2"
5 0 13 End 0x00549F "13"
EOD
set xrange [0.4:5.6]
set yrange [0:16]
set style fill solid 1 noborder
plot $D using 1:(($2+$3)/2):($1-0.3):\
     ($1+0.3):2:3:5:xticlabels(4) with boxxyerrorbars linecolor rgb variable notitle, \
     $D using 1:3:6 with labels offset 0,0.8 notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-006.svg]]

| Parameter     | Meaning                                                            |
|---------------+--------------------------------------------------------------------|
| =Column 6=    | Text labels are stored explicitly, including plus and minus signs. |
| =using 1:3:6= | Position each label at the bar's x and upper y bound.              |

** PLT-28-007 Narrow the waterfall bars
:PROPERTIES:
:PLOT_ID: PLT-28-007
:CUSTOM_ID: PLT-28-007
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-004
:END:

The interval heights remain unchanged; only horizontal whitespace changes.

Compare with [[#PLT-28-004][PLT-28-004]].

#+name: plot-PLT-28-007
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-007.svg'
set label 999 'PLT-28-007' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$D << EOD
1 0 10 Start 0x00549F
2 10 14 Gain 0x57AB27
3 11 14 Loss 0xCC071E
4 11 13 Gain 0x57AB27
5 0 13 End 0x00549F
EOD
set xrange [0.4:5.6]
set yrange [0:16]
set style fill solid 1 noborder
plot $D using 1:(($2+$3)/2):($1-0.18):\
     ($1+0.18):2:3:5:xticlabels(4) with boxxyerrorbars linecolor rgb variable notitle
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-007.svg]]

| Parameter | Meaning                                            |
|-----------+----------------------------------------------------|
| =0.18=    | Half-width; the complete bar is 0.36 x units wide. |

** PLT-28-008 Draw a small schedule from task intervals
:PROPERTIES:
:PLOT_ID: PLT-28-008
:CUSTOM_ID: PLT-28-008
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO:
:END:

A fictional publication has five tasks. Rows supply position, name, start day, end day and completed fraction. Draw a headless vector from start to end; reverse y so the first task is at the top.

#+name: plot-PLT-28-008
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-008.svg'
set label 999 'PLT-28-008' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
$Tasks << EOD
1 "Draft" 0 3 1.0
2 "Review" 2 6 0.6
3 "Figures" 3 7 0.4
4 "Typeset" 6 9 0.2
5 "Release" 9 10 0.0
EOD
set xrange [-0.5:10.5]
set yrange [5.7:0.3]
set xlabel "Days after project start"
set ytics nomirror
set xtics 1
set grid xtics
unset key
plot $Tasks using 3:1:($4-$3):(0):yticlabels(2) \
    with vectors nohead lw 4 lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-008.svg]]

| Parameter               | Meaning                                               |
|-------------------------+-------------------------------------------------------|
| =using 3:1:($4-$3):(0)= | Start at the task鈥檚 start and extend by its duration. |
| =yticlabels(2)=         | Use task names for row labels.                        |
| =yrange [5.7:0.3]=      | Order tasks from top to bottom.                       |

** PLT-28-009 Replace schedule lines with interval boxes
:PROPERTIES:
:PLOT_ID: PLT-28-009
:CUSTOM_ID: PLT-28-009
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-008
:END:

Turn intervals into bars with explicit start, end and height limits. The six-column boxxyerrorbars form accepts absolute bounds, which draw horizontal task rectangles.

Compare with [[#PLT-28-008][PLT-28-008]].

#+name: plot-PLT-28-009
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-009.svg'
set label 999 'PLT-28-009' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Tasks << EOD
1 "Draft" 0 3 1.0
2 "Review" 2 6 0.6
3 "Figures" 3 7 0.4
4 "Typeset" 6 9 0.2
5 "Release" 9 10 0.0
EOD
# BEGIN EXAMPLE
set xrange [-0.5:10.5]
set yrange [5.7:0.3]
set xlabel "Days after project start"
set ytics nomirror
set xtics 1
set grid xtics
unset key
set style fill solid 0.7 border
plot $Tasks using (($3+$4)/2):1:3:4:($1-0.3):($1+0.3):yticlabels(2) \
    with boxxyerrorbars lc rgb "#00549F"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-009.svg]]

| Parameter                              | Meaning                                               |
|----------------------------------------+-------------------------------------------------------|
| =using centre:y:xlow:xhigh:ylow:yhigh= | Supply the centre and four absolute rectangle bounds. |
| =$1-0.3; $1+0.3=                       | Set task height without changing duration.            |

** PLT-28-010 Show calendar dates on the schedule
:PROPERTIES:
:PLOT_ID: PLT-28-010
:CUSTOM_ID: PLT-28-010
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-009
:END:

Convert day offsets to timestamps from a fixed start. Convert the centre and both time bounds consistently. The example uses fixed 24-hour intervals; it does not model daylight-saving transitions or working-day calendars.

Compare with [[#PLT-28-009][PLT-28-009]].

#+name: plot-PLT-28-010
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-010.svg'
set label 999 'PLT-28-010' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Tasks << EOD
1 "Draft" 0 3 1.0
2 "Review" 2 6 0.6
3 "Figures" 3 7 0.4
4 "Typeset" 6 9 0.2
5 "Release" 9 10 0.0
EOD
# BEGIN EXAMPLE
start=strptime("%Y-%m-%d","2026-10-12")
day=24*60*60
T(d)=start+d*day
set xrange [T(-0.5):T(10.5)]
set yrange [5.7:0.3]
set xdata time
set format x "%d %b"
set xtics day*2
set xlabel "Calendar date (fixed 24-hour days)"
set ytics nomirror
set grid xtics
set style fill solid 0.7 border
unset key
plot $Tasks using (T(($3+$4)/2)):1:(T($3)):(T($4)):($1-0.3):($1+0.3):yticlabels(2) \
    with boxxyerrorbars lc rgb "#CFD1D2"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-010.svg]]

| Parameter              | Meaning                                             |
|------------------------+-----------------------------------------------------|
| =strptime; T(d)=       | Parse a start date and convert all day coordinates. |
| =xdata time; format x= | Render timestamps as calendar labels.               |
| =xtics day*2=          | Choose a tick interval in seconds.                  |

** PLT-28-011 Overlay the completed fraction of each task
:PROPERTIES:
:PLOT_ID: PLT-28-011
:CUSTOM_ID: PLT-28-011
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-010
:END:

Draw planned intervals in grey and completed fractions in RWTH turquoise. A 60% task fills 60% of its own duration. The release task retains a grey bar and zero-percent label.

Compare with [[#PLT-28-010][PLT-28-010]].

#+name: plot-PLT-28-011
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-011.svg'
set label 999 'PLT-28-011' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Tasks << EOD
1 "Draft" 0 3 1.0
2 "Review" 2 6 0.6
3 "Figures" 3 7 0.4
4 "Typeset" 6 9 0.2
5 "Release" 9 10 0.0
EOD
# BEGIN EXAMPLE
start=strptime("%Y-%m-%d","2026-10-12")
day=24*60*60
T(d)=start+d*day
set xrange [T(-0.5):T(10.5)]
set yrange [5.7:0.3]
set xdata time
set format x "%d %b"
set xtics day*2
set xlabel "Calendar date (fixed 24-hour days)"
set ytics nomirror
set grid xtics
set style fill solid 0.7 border
unset key
plot $Tasks using (T(($3+$4)/2)):1:(T($3)):(T($4)):($1-0.3):($1+0.3):yticlabels(2) \
    with boxxyerrorbars lc rgb "#CFD1D2", \
    $Tasks using (T($3+($4-$3)*$5/2)):1:(T($3)):(T($3+($4-$3)*$5)):($1-0.3):($1+0.3) \
    with boxxyerrorbars lc rgb "#0098A1", \
    $Tasks using (T($4)):1:(sprintf("%.0f%%",100*$5)) \
    with labels offset 2,0 left tc rgb "#646567"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-011.svg]]

| Parameter               | Meaning                                                |
|-------------------------+--------------------------------------------------------|
| =$3+($4-$3)*$5=         | Compute each completed endpoint.                       |
| =second box clause=     | Overlay progress with the same row height.             |
| =sprintf("%.0f%%",...)= | Format a literal percent sign with the computed value. |

** PLT-28-012 Adapt the schedule range when a task is added
:PROPERTIES:
:PLOT_ID: PLT-28-012
:CUSTOM_ID: PLT-28-012
:TOPIC: 28 路 Waterfall totals and floating bars
:COMPARE_TO: PLT-28-011
:END:

Add an archive task after release, then compute earliest start, latest finish and row count. Both axis ranges follow the updated data. Reserve an extra day for percentage labels.

Compare with [[#PLT-28-011][PLT-28-011]].

#+name: plot-PLT-28-012
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-28-012.svg'
set label 999 'PLT-28-012' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
$Tasks << EOD
1 "Draft" 0 3 1.0
2 "Review" 2 6 0.6
3 "Figures" 3 7 0.4
4 "Typeset" 6 9 0.2
5 "Release" 9 10 0.0
6 "Archive" 10 13 0.0
EOD
# BEGIN EXAMPLE
stats $Tasks using 3 name "Begin" nooutput
stats $Tasks using 4 name "End" nooutput
start=strptime("%Y-%m-%d","2026-10-12")
day=24*60*60
T(d)=start+d*day
set xrange [T(Begin_min-0.5):T(End_max+1.2)]
set yrange [Begin_records+0.7:0.3]
set xdata time
set format x "%d %b"
set xtics day*2
set xlabel "Calendar date (fixed 24-hour days)"
set ytics nomirror
set grid xtics
set style fill solid 0.7 border
unset key
plot $Tasks using (T(($3+$4)/2)):1:(T($3)):(T($4)):($1-0.3):($1+0.3):yticlabels(2) \
    with boxxyerrorbars lc rgb "#CFD1D2", \
    $Tasks using (T($3+($4-$3)*$5/2)):1:(T($3)):(T($3+($4-$3)*$5)):($1-0.3):($1+0.3) \
    with boxxyerrorbars lc rgb "#0098A1", \
    $Tasks using (T($4)):1:(sprintf("%.0f%%",100*$5)) \
    with labels offset 2,0 left tc rgb "#646567"
print sprintf("schedule: start=%.0f finish=%.0f tasks=%d",Begin_min,End_max,Begin_records)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-28-012.svg]]

| Parameter            | Meaning                                                     |
|----------------------+-------------------------------------------------------------|
| =Begin_min; End_max= | Detect earliest start and latest finish.                    |
| =Begin_records=      | Count tasks with consecutive row positions starting at one. |
| =extra day margin=   | Reserve room for completion labels.                         |


* 29 路 Offset curves and signal waterfalls
:PROPERTIES:
:CUSTOM_ID: PLT-29-000
:CHAPTER: 29
:END:

** PLT-29-001 Draw a family of related curves
:PROPERTIES:
:PLOT_ID: PLT-29-001
:CUSTOM_ID: PLT-29-001
:TOPIC: 29 路 Offset curves and signal waterfalls
:COMPARE_TO:
:END:

The word waterfall also describes a sequence of signals. Begin with a loop over four shifted peaks.

#+name: plot-PLT-29-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-29-001.svg'
set label 999 'PLT-29-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x,k) = exp(-(x-0.5*k)**2)
set xrange [-3:5]
set yrange [0:1.2]
plot for [k=0:3] f(x,k) with lines linewidth 2 \
     title sprintf("Scan %d",k)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-29-001.svg]]

| Parameter     | Meaning                                                                             |
|---------------+-------------------------------------------------------------------------------------|
| =f(x,k)=      | A two-argument function; k shifts the peak by 0.5*k.                                |
| =for [k=0:3]= | Repeat the plot element for integers 0, 1, 2 and 3.                                 |
| =exp / **2=   | Natural exponential and exponentiation; the peak shape is a Gaussian-like function. |

** PLT-29-002 Separate curves with a vertical offset
:PROPERTIES:
:PLOT_ID: PLT-29-002
:CUSTOM_ID: PLT-29-002
:TOPIC: 29 路 Offset curves and signal waterfalls
:COMPARE_TO: PLT-29-001
:END:

Offsets improve visibility, but the vertical coordinates now include an artificial display shift.

Compare with [[#PLT-29-001][PLT-29-001]].

#+name: plot-PLT-29-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-29-002.svg'
set label 999 'PLT-29-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x,k) = exp(-(x-0.5*k)**2)
set xrange [-3:5]
set yrange [0:3.2]
plot for [k=0:3] f(x,k)+0.65*k with lines linewidth 2 \
     title sprintf("Scan %d",k)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-29-002.svg]]

| Parameter | Meaning                                                                             |
|-----------+-------------------------------------------------------------------------------------|
| =+0.65*k= | Lift each successive curve by 0.65 y units. This does not change the signal itself. |

** PLT-29-003 Increase the separation
:PROPERTIES:
:PLOT_ID: PLT-29-003
:CUSTOM_ID: PLT-29-003
:TOPIC: 29 路 Offset curves and signal waterfalls
:COMPARE_TO: PLT-29-002
:END:

A single spacing constant controls the distance between baselines.

Compare with [[#PLT-29-002][PLT-29-002]].

#+name: plot-PLT-29-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-29-003.svg'
set label 999 'PLT-29-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x,k) = exp(-(x-0.5*k)**2)
set xrange [-3:5]
set yrange [0:4.6]
plot for [k=0:3] f(x,k)+1.1*k with lines linewidth 2 \
     title sprintf("Scan %d",k)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-29-003.svg]]

| Parameter | Meaning                                                   |
|-----------+-----------------------------------------------------------|
| =1.1*k=   | The gap between neighbouring baselines becomes 1.1 units. |

** PLT-29-004 Fill offset curves back to front
:PROPERTIES:
:PLOT_ID: PLT-29-004
:CUSTOM_ID: PLT-29-004
:TOPIC: 29 路 Offset curves and signal waterfalls
:COMPARE_TO: PLT-29-002
:END:

Filled curves create overlapping ridges. Draw the highest baseline first so later curves cover it cleanly. Each ridge selects a colour from the explicit RWTH list.

Compare with [[#PLT-29-002][PLT-29-002]].

#+name: plot-PLT-29-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-29-004.svg'
set label 999 'PLT-29-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
f(x,k) = exp(-(x-0.5*k)**2)
COLOURS = "#00549F #57AB27 #F6A800 #0098A1"
set xrange [-3:5]
set yrange [0:3.2]
set style fill solid 1 border
unset key
plot for [k=3:0:-1] '+' \
     using 1:(f($1,k)+0.65*k):(0.65*k) \
     with filledcurves linecolor rgb word(COLOURS,k+1)
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-29-004.svg]]

| Parameter            | Meaning                                                              |
|----------------------+----------------------------------------------------------------------|
| =for [k=3:0:-1]=     | Visit k=3,2,1,0; the third loop argument is the negative step.       |
| ='+'=                | Generate sampled x values over the current x range.                  |
| =using x:top:bottom= | Fill between the signal plus offset and its own horizontal baseline. |
| =word(COLOURS,k+1)= | Select one explicit RWTH colour per ridge; word indices start at one. |
| =linecolor rgb= | Use the selected hexadecimal RGB string. |

** PLT-29-005 Move the signal waterfall into 3D
:PROPERTIES:
:PLOT_ID: PLT-29-005
:CUSTOM_ID: PLT-29-005
:TOPIC: 29 路 Offset curves and signal waterfalls
:COMPARE_TO:
:END:

Generate six sampled curves into a datablock, then draw them as slices at different y positions.

#+name: plot-PLT-29-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-29-005.svg'
set label 999 'PLT-29-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:5]
set samples 80
set table $S
do for [k=0:5] {
    plot exp(-(x-0.4*k)**2)
}
unset table
set yrange [-0.5:5.5]
set zrange [0:1.2]
set ztics 0.5
set view 60,30
set xlabel "x"
set ylabel "Scan"
set zlabel "Signal"
unset key
splot for [k=5:0:-1] $S index k using 1:(k):2 \
      with lines linewidth 2
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-29-005.svg]]

| Parameter              | Meaning                                                     |
|------------------------+-------------------------------------------------------------|
| =set samples 80=       | Generate 80 x samples per curve during the table pass.      |
| =do for [...] { ... }= | Execute a block of commands for each integer k.             |
| =index k=              | Select one table block; indices begin at zero.              |
| =using 1:(k):2=        | Map stored x to x, scan index to y, and stored signal to z. |
| =set view 60,30=       | Rotate 60 degrees about x and 30 degrees about z.           |

** PLT-29-006 Fill the 3D waterfall slices
:PROPERTIES:
:PLOT_ID: PLT-29-006
:CUSTOM_ID: PLT-29-006
:TOPIC: 29 路 Offset curves and signal waterfalls
:COMPARE_TO: PLT-29-005
:END:

Opaque white slice faces emphasize the layered shape. This splot filledcurves style requires gnuplot 6.0.2 or later.

Compare with [[#PLT-29-005][PLT-29-005]].

#+name: plot-PLT-29-006
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-29-006.svg'
set label 999 'PLT-29-006' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
set xrange [-3:5]
set samples 80
set table $S
do for [k=0:5] {
    plot exp(-(x-0.4*k)**2)
}
unset table
set yrange [-0.5:5.5]
set zrange [0:1.2]
set ztics 0.5
set view 60,30
set xlabel "x"
set ylabel "Scan"
set zlabel "Signal"
unset key
set style fill solid 1
splot for [k=5:0:-1] $S index k using 1:(k):2 \
      with filledcurves linecolor rgb "#00549F" \
      fillcolor rgb "white"
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-29-006.svg]]

| Parameter                    | Meaning                                                                                               |
|------------------------------+-------------------------------------------------------------------------------------------------------|
| =solid 1; with filledcurves= | Use an opaque fill for each x-z slice down to its baseline in the y=constant plane.                   |
| =k=5:0:-1=                   | For this view, draw the distant scan first; reverse order when the camera moves to the opposite side. |

* 30 路 Custom styles and loading
:PROPERTIES:
:CUSTOM_ID: PLT-30-000
:CHAPTER: 30
:END:

Create a small style file, load it from the project or your home folder, then
save and load the RWTH鈥揟ufte file presented in full here. Choose each plot
geometry with its own with clause.
Explicit plot settings come last; no styles are loaded in the earlier chapters.

** PLT-30-001 Define a reusable style file
:PROPERTIES:
:PLOT_ID: PLT-30-001
:CUSTOM_ID: PLT-30-001
:TOPIC: 30 路 Custom styles and loading
:COMPARE_TO:
:STYLE_FILES: config/my-style.gp
:END:

Define all fourteen RWTH colour variables first, then use those names in the style commands. RWTH_BLUE selects the curve colour; RWTH_GRAY_50 selects the border colour. Save the commands through unset grid as config/my-style.gp; the complete file and download follow this example. Keep terminal, output, ranges, data and plot commands in the individual plot. Each definition is visible here and takes effect before its first use.

#+name: plot-PLT-30-001
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-30-001.svg'
set label 999 'PLT-30-001' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
RWTH_BLUE       = '#00549F'
RWTH_BLUE_75    = '#407FB7'
RWTH_BLUE_50    = '#8EBAE5'
RWTH_BLUE_25    = '#C7DDF2'
RWTH_BLUE_10    = '#E8F1FA'
RWTH_GRAY_75    = '#646567'
RWTH_GRAY_50    = '#9C9E9F'
RWTH_GRAY_25    = '#CFD1D2'
RWTH_GRAY_10    = '#ECEDED'
RWTH_ORANGE     = '#F6A800'
RWTH_GREEN      = '#57AB27'
RWTH_RED        = '#CC071E'
RWTH_TURQUOISE  = '#0098A1'
RWTH_LILAC      = '#7A6FAC'

set linetype 1 lc rgb RWTH_BLUE lw 3
set border 3 back lw 0.6 lc rgb RWTH_GRAY_50
set tics nomirror out scale 0.4
unset grid
# End of config/my-style.gp
set xrange [-4:4]
plot sin(x) title 'sin(x)', cos(x) title 'cos(x)'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-30-001.svg]]

| Parameter | Meaning |
|-----------+---------|
| =config/my-style.gp= | Create this text file in the project; copy the commands through unset grid, omitting the final comment. |
| =RWTH_BLUE = '#00549F'= | Define RWTH blue as a named hexadecimal RGB string before using it. |
| =RWTH_GRAY_50 = '#9C9E9F'= | Name the grey used by the border; all other palette colours are defined above too. |
| =lc rgb RWTH_BLUE= | Use the previously defined colour for the first series, with linewidth 3. |
| =lc rgb RWTH_GRAY_50= | Use the previously defined grey for the left and bottom borders. |
| =unset grid= | Make grid lines an explicit choice in each plot. |

** PLT-30-002 Load a project or personal style
:PROPERTIES:
:PLOT_ID: PLT-30-002
:CUSTOM_ID: PLT-30-002
:TOPIC: 30 路 Custom styles and loading
:COMPARE_TO: PLT-30-001
:END:

Replace the inline settings with load. Save the downloaded my-style.gp in a config folder in your working directory. Run from that directory: paths are relative to the process working directory, including paths inside a loaded file. This refactoring keeps the same picture. For a personal copy, create ~/.config/gnuplot, copy config/my-style.gp there and instead use load '~/.config/gnuplot/my-style.gp'. Each new gnuplot process needs its own load; -d skips startup files but still executes this explicit command.

Compare with [[#PLT-30-001][PLT-30-001]].

#+name: plot-PLT-30-002
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-30-002.svg'
set label 999 'PLT-30-002' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
load 'config/my-style.gp'
set xrange [-4:4]
plot sin(x) title 'sin(x)', cos(x) title 'cos(x)'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-30-002.svg]]

| Parameter | Meaning |
|-----------+---------|
| =load 'config/my-style.gp'= | Read and execute the style commands before plotting; filenames must be quoted. |
| =config/= | A project folder relative to the current working directory. |
| =load '~/.config/gnuplot/my-style.gp'= | Alternative personal location: ~ refers to your home directory on macOS/Linux. |
| =~/.gnuplot= | Optional startup file for ordinary gnuplot sessions; the tour uses -d and loads styles explicitly. |

** PLT-30-003 Load RWTH鈥揟ufte for a line plot
:PROPERTIES:
:PLOT_ID: PLT-30-003
:CUSTOM_ID: PLT-30-003
:TOPIC: 30 路 Custom styles and loading
:COMPARE_TO: PLT-30-002
:STYLE_FILES: config/rwth-tufte.gp
:END:

The complete rwth-tufte.gp file follows this example, with a download. Create a config folder in your working directory and save the downloaded file there. Load this one file, then choose the plot geometry explicitly with with lines. The file supplies named colours, series, quiet axes, bar fills and a sequential blue palette, without selecting a terminal, output file or data ranges. Enable the legend for these two named curves. The font settings adapt the style鈥檚 small-figure defaults to the 1200-by-600 tour canvas.

Compare with [[#PLT-30-002][PLT-30-002]].

#+name: plot-PLT-30-003
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-30-003.svg'
set label 999 'PLT-30-003' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
load 'config/rwth-tufte.gp'
set tics font ',20'
set key top right nobox font ',20'
set xrange [-4:4]
plot sin(x) with lines title 'sin(x)', \
     cos(x) with lines title 'cos(x)'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-30-003.svg]]

| Parameter | Meaning |
|-----------+---------|
| =config/rwth-tufte.gp= | The reusable base; blue series, light axes, no grid and no key until enabled. |
| =with lines= | Choose line geometry in the plot; the style file does not select a plot type. |
| =set key top right nobox= | Enable a top-right legend for the named curves. |
| =set tics; set key font= | Change font sizes while retaining the font family. |
| =style -> local settings -> plot= | Load the appearance once, then choose the legend, geometry and local overrides. |
| =Complete style file= | Read or download rwth-tufte.gp below and save it in config/. |

** PLT-30-004 Use the library鈥檚 named colours
:PROPERTIES:
:PLOT_ID: PLT-30-004
:CUSTOM_ID: PLT-30-004
:TOPIC: 30 路 Custom styles and loading
:COMPARE_TO: PLT-30-003
:END:

Keep the loaded style and line geometry, then select named colours for individual series. RWTH_GREEN and RWTH_ORANGE are variables defined by the base file, so load it before using them. Explicit line colours override the corresponding series defaults without changing the axes or other series. Different dash patterns also distinguish the curves.

Compare with [[#PLT-30-003][PLT-30-003]].

#+name: plot-PLT-30-004
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-30-004.svg'
set label 999 'PLT-30-004' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
load 'config/rwth-tufte.gp'
set tics font ',20'
set key top right nobox font ',20'
set xrange [-4:4]
plot sin(x) with lines lc rgb RWTH_GREEN dt 1 title 'sin(x)', \
     cos(x) with lines lc rgb RWTH_ORANGE dt 2 title 'cos(x)'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-30-004.svg]]

| Parameter | Meaning |
|-----------+---------|
| =lc rgb RWTH_GREEN= | Use the named green colour defined by the base file. |
| =lc rgb RWTH_ORANGE= | Use the named orange colour for this series. |
| =dt 1; dt 2= | Select solid and dashed lines in addition to the colour distinction. |

** PLT-30-005 Override a style for one plot
:PROPERTIES:
:PLOT_ID: PLT-30-005
:CUSTOM_ID: PLT-30-005
:TOPIC: 30 路 Custom styles and loading
:COMPARE_TO: PLT-30-004
:END:

Add a faint horizontal grid after loading the style. The base defines line style 101 as a light grey reference line. Loading the base again after set grid would unset the grid, so put local overrides last. The same rule applies to legends, fonts, fills and palettes. Each tour plot uses a fresh process; this override does not carry into another example.

Compare with [[#PLT-30-004][PLT-30-004]].

#+name: plot-PLT-30-005
#+begin_src bash :tangle gnuplot-tour.sh
mkdir -p figures
gnuplot -d <<'GP'
set encoding utf8
set terminal svg size 1200,600 enhanced font "sans,20" background rgb "white"
set output 'figures/PLT-30-005.svg'
set label 999 'PLT-30-005' at screen 0.985,0.975 right front font ',12' textcolor rgb '#646567'
# BEGIN EXAMPLE
load 'config/rwth-tufte.gp'
set tics font ',20'
set key top right nobox font ',20'
set xrange [-4:4]
set grid ytics back ls 101
plot sin(x) with lines lc rgb RWTH_GREEN dt 1 title 'sin(x)', \
     cos(x) with lines lc rgb RWTH_ORANGE dt 2 title 'cos(x)'
# END EXAMPLE
unset output
GP
#+end_src

[[file:figures/PLT-30-005.svg]]

| Parameter | Meaning |
|-----------+---------|
| =set grid ytics= | Draw horizontal guides at the major y ticks. |
| =back ls 101= | Draw behind the data using the base file鈥檚 faint grey line style. |
| =Override order= | Apply local settings after the load command; the last setting of a property wins. |

* References and version

All 358 plotted examples were executed with gnuplot 6.0.5. Sectors require gnuplot 6; 3D filledcurves requires 6.0.2 or later. Default styles and text metrics may differ by terminal, version and font. This guide explains the arguments it uses; it is not an exhaustive command manual.

- [[https://gnuplot.sourceforge.net/docs_6.0/gnuplot.pdf][Official gnuplot 6 manual]]
- [[https://gnuplot.info/docs_6.1/loc8440.html][Official load command reference]]
- [[https://www.gnuplot.info/docs_6.0/loc3684.html][Official linetypes, colours and styles reference]]
- [[https://gnuplot.sourceforge.net/demo_6.0/][Official demonstration gallery]]
- [[https://gnuplot.sourceforge.net/demo_6.1/stats.html][Official stats demonstration]]
- [[https://www.gnuplot.info/docs_6.0/loc18963.html][stats command reference]]
- [[https://gnuplot.sourceforge.net/demo_6.1/mark_grouping.html][Official grouping-mark demonstration (newer marks syntax)]]
- [[https://www.gnuplot.info/docs_6.0/loc6462.html][Official spiderplot documentation]]
- [[https://www.gnuplot.info/docs_6.0/loc16553.html][Official spiderplot style settings]]
- [[https://gnuplot.sourceforge.net/demo_5.5/spiderplot.html][Official spiderplot demonstration]]
- [[https://gnuplot.sourceforge.net/demo_4.2/heatmaps.html][Official matrix heatmap demonstration]]
- [[https://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html][PCA scores and explained variance documentation]]
- [[https://gnuplot.sourceforge.net/demo_6.0/sectors.html][Official sectors demo]]
- [[https://gnuplot.sourceforge.net/ReleaseNotes_6_0_2.html][gnuplot 6.0.2 release notes]]
- [[https://gnuplot.sourceforge.net/demo_6.0/waterfallplot.html][Official waterfall demo]]
- [[https://orgmode.org/worg/org-contrib/babel/languages/ob-doc-shell.html][Org Babel shell documentation]]
- Layout inspiration: [[https://alogus.com/g5script/servefile/gnuplot5Laptop.pdf/view/][Lee Phillips's gnuplot 5 reference]]. This guide's examples and explanations are original.

* Build implementation
:PROPERTIES:
:GUIDE_ROLE: maintainer
:END:

The shared publisher in ../67.00_export-tourguide owns rendering, validation and
packaging. These compatibility entry points render prepared plots. Execution is
explicit: make prepare in this tour folder, after reviewing policy. The local
config/tours.json registry fingerprints the style files as inputs.
Plot Bash blocks above remain authoritative and can still be tangled.

#+begin_src bash :tangle build.sh
#!/usr/bin/env bash
set -euo pipefail
tour_dir=$(cd -- "$(dirname -- "$0")" && pwd)
exporter=${TOUR_PUBLISHER:-"$tour_dir/../67.00_export-tourguide"}
format=both
for arg in "$@"; do
  case "$arg" in
    --html-only) format=html ;;
    --skip-plots|--reuse-results) ;;
    *) printf 'Use make prepare in this tour folder to execute examples. Unsupported argument: %s\n' "$arg" >&2; exit 2 ;;
  esac
done
exec "${PYTHON:-python3}" "$exporter/publish.py" build --config "$tour_dir/config/tours.json" --tour gnuplot --format "$format"
#+end_src

#+begin_src bash :tangle tools/export.sh
#!/usr/bin/env bash
set -euo pipefail
tour_dir=$(cd -- "$(dirname -- "$0")/.." && pwd)
exporter=${TOUR_PUBLISHER:-"$tour_dir/../67.00_export-tourguide"}
format=both
for arg in "$@"; do
  case "$arg" in
    --html-only) format=html ;;
    --skip-plots|--reuse-results) ;;
    *) printf 'Use make prepare in this tour folder to execute examples. Unsupported argument: %s\n' "$arg" >&2; exit 2 ;;
  esac
done
exec "${PYTHON:-python3}" "$exporter/publish.py" build --config "$tour_dir/config/tours.json" --tour gnuplot --format "$format"
#+end_src

* Publishing this tour
:PROPERTIES:
:GUIDE_ROLE: maintainer
:END:
Ordinary rendering reads prepared results without executing examples.
Use =make full= to prepare reviewed examples and render both formats, and
=make check= to validate the outputs. See README.md for the complete workflow.



[
  {
    "id": "PLT-01-001",
    "title": "Start with one command"
  },
  {
    "id": "PLT-01-002",
    "title": "Change the function"
  },
  {
    "id": "PLT-01-003",
    "title": "Add a second curve"
  },
  {
    "id": "PLT-01-004",
    "title": "Name the curves"
  },
  {
    "id": "PLT-01-005",
    "title": "Hide the legend"
  },
  {
    "id": "PLT-01-006",
    "title": "Choose the horizontal interval"
  },
  {
    "id": "PLT-01-007",
    "title": "Leave room above and below"
  },
  {
    "id": "PLT-01-008",
    "title": "See coarse sampling of a function"
  },
  {
    "id": "PLT-01-009",
    "title": "Increase samples without changing the function"
  },
  {
    "id": "PLT-01-010",
    "title": "Break a line at an excluded interval"
  },
  {
    "id": "PLT-02-001",
    "title": "Use variables for repeated numbers"
  },
  {
    "id": "PLT-02-002",
    "title": "Change one variable"
  },
  {
    "id": "PLT-02-003",
    "title": "Name the expression as a function"
  },
  {
    "id": "PLT-02-004",
    "title": "Use a string variable directly"
  },
  {
    "id": "PLT-02-005",
    "title": "Avoid accidental integer division"
  },
  {
    "id": "PLT-02-006",
    "title": "Calculate and combine functions"
  },
  {
    "id": "PLT-02-007",
    "title": "Scale and shift a function with arithmetic"
  },
  {
    "id": "PLT-02-008",
    "title": "Calculate the secant through two points"
  },
  {
    "id": "PLT-02-009",
    "title": "Calculate a tangent from the known derivative"
  },
  {
    "id": "PLT-02-010",
    "title": "Move the tangent by changing one variable"
  },
  {
    "id": "PLT-02-011",
    "title": "Estimate a tangent with a numerical derivative"
  },
  {
    "id": "PLT-02-012",
    "title": "Compare numerical derivative step sizes"
  },
  {
    "id": "PLT-03-001",
    "title": "Read columns and calculate plotted values"
  },
  {
    "id": "PLT-03-002",
    "title": "Read CSV headers and use them in the legend"
  },
  {
    "id": "PLT-03-003",
    "title": "Compare missing values with invalid values"
  },
  {
    "id": "PLT-03-004",
    "title": "Filter observations with a column expression"
  },
  {
    "id": "PLT-03-005",
    "title": "Select every second data row"
  },
  {
    "id": "PLT-03-006",
    "title": "Select datasets separated by blank records"
  },
  {
    "id": "PLT-03-007",
    "title": "Read dates and format their tick labels"
  },
  {
    "id": "PLT-03-008",
    "title": "Place ticks at calendar-month intervals"
  },
  {
    "id": "PLT-03-009",
    "title": "Read timestamps and show hourly ticks"
  },
  {
    "id": "PLT-04-001",
    "title": "Prepare a simple tick example"
  },
  {
    "id": "PLT-04-002",
    "title": "Place a tick every two units"
  },
  {
    "id": "PLT-04-003",
    "title": "Halve the tick interval"
  },
  {
    "id": "PLT-04-004",
    "title": "Use half-unit ticks"
  },
  {
    "id": "PLT-04-005",
    "title": "Set start, increment and end"
  },
  {
    "id": "PLT-04-006",
    "title": "Choose irregular tick positions"
  },
  {
    "id": "PLT-04-007",
    "title": "Change y ticks independently"
  },
  {
    "id": "PLT-04-008",
    "title": "Remove x ticks"
  },
  {
    "id": "PLT-04-009",
    "title": "Remove y ticks"
  },
  {
    "id": "PLT-04-010",
    "title": "Keep marks but hide their labels"
  },
  {
    "id": "PLT-05-001",
    "title": "Observe automatic range rounding"
  },
  {
    "id": "PLT-05-002",
    "title": "Keep automatic ranges at the exact extrema"
  },
  {
    "id": "PLT-05-003",
    "title": "Pad the data range with offsets"
  },
  {
    "id": "PLT-05-004",
    "title": "Let the upper x limit be automatic"
  },
  {
    "id": "PLT-05-005",
    "title": "Reverse the horizontal direction"
  },
  {
    "id": "PLT-05-006",
    "title": "Reverse the vertical direction"
  },
  {
    "id": "PLT-05-007",
    "title": "Begin with a positive function"
  },
  {
    "id": "PLT-05-008",
    "title": "Use a base-10 logarithmic y axis"
  },
  {
    "id": "PLT-05-009",
    "title": "Use a base-2 logarithmic y axis"
  },
  {
    "id": "PLT-05-010",
    "title": "Format logarithmic ticks as powers"
  },
  {
    "id": "PLT-05-011",
    "title": "Link a second axis in different units"
  },
  {
    "id": "PLT-05-012",
    "title": "Plot a separate quantity on the right axis"
  },
  {
    "id": "PLT-06-001",
    "title": "Replace numbers with words"
  },
  {
    "id": "PLT-06-002",
    "title": "Add one labelled tick"
  },
  {
    "id": "PLT-06-003",
    "title": "Rotate tick labels"
  },
  {
    "id": "PLT-06-004",
    "title": "Stand tick labels vertically"
  },
  {
    "id": "PLT-06-005",
    "title": "Left-align horizontal tick labels"
  },
  {
    "id": "PLT-06-006",
    "title": "Offset tick labels"
  },
  {
    "id": "PLT-06-007",
    "title": "Increase tick-label size"
  },
  {
    "id": "PLT-06-008",
    "title": "Colour tick-label text"
  },
  {
    "id": "PLT-06-009",
    "title": "Use a different tick-label font"
  },
  {
    "id": "PLT-06-010",
    "title": "Keep labels and hide tick strokes"
  },
  {
    "id": "PLT-06-011",
    "title": "Print one decimal place"
  },
  {
    "id": "PLT-06-012",
    "title": "Format values as percentages"
  },
  {
    "id": "PLT-06-013",
    "title": "Use scientific tick notation"
  },
  {
    "id": "PLT-06-014",
    "title": "Use engineering prefixes on ticks"
  },
  {
    "id": "PLT-06-015",
    "title": "Label an angular axis in multiples of pi"
  },
  {
    "id": "PLT-07-001",
    "title": "Remove mirrored ticks"
  },
  {
    "id": "PLT-07-002",
    "title": "Point ticks outward"
  },
  {
    "id": "PLT-07-003",
    "title": "Lengthen major ticks"
  },
  {
    "id": "PLT-07-004",
    "title": "Give the two axes different tick lengths"
  },
  {
    "id": "PLT-07-005",
    "title": "Add a minor tick halfway"
  },
  {
    "id": "PLT-07-006",
    "title": "Add four minor ticks"
  },
  {
    "id": "PLT-07-007",
    "title": "Set major and minor lengths"
  },
  {
    "id": "PLT-07-008",
    "title": "Subdivide the vertical axis"
  },
  {
    "id": "PLT-07-009",
    "title": "Show minor ticks on a logarithmic axis"
  },
  {
    "id": "PLT-07-010",
    "title": "Add a major grid"
  },
  {
    "id": "PLT-07-011",
    "title": "Show a lighter minor grid"
  },
  {
    "id": "PLT-07-012",
    "title": "Use dashed grid lines"
  },
  {
    "id": "PLT-07-013",
    "title": "Keep only horizontal grid lines"
  },
  {
    "id": "PLT-07-014",
    "title": "Draw the grid at the back"
  },
  {
    "id": "PLT-07-015",
    "title": "Draw the grid at the front"
  },
  {
    "id": "PLT-08-001",
    "title": "Name the x axis"
  },
  {
    "id": "PLT-08-002",
    "title": "Name the y axis"
  },
  {
    "id": "PLT-08-003",
    "title": "Move the x label downward"
  },
  {
    "id": "PLT-08-004",
    "title": "Make the y label horizontal"
  },
  {
    "id": "PLT-08-005",
    "title": "Use subscripts and superscripts"
  },
  {
    "id": "PLT-08-006",
    "title": "Add a figure title"
  },
  {
    "id": "PLT-08-007",
    "title": "Increase the title font"
  },
  {
    "id": "PLT-08-008",
    "title": "Write a two-line title"
  },
  {
    "id": "PLT-09-001",
    "title": "Increase line width"
  },
  {
    "id": "PLT-09-002",
    "title": "Choose an explicit line colour"
  },
  {
    "id": "PLT-09-003",
    "title": "Use a dashed line"
  },
  {
    "id": "PLT-09-004",
    "title": "Plot sampled points"
  },
  {
    "id": "PLT-09-005",
    "title": "Choose the point symbol"
  },
  {
    "id": "PLT-09-006",
    "title": "Increase point size"
  },
  {
    "id": "PLT-09-007",
    "title": "Connect the points"
  },
  {
    "id": "PLT-09-008",
    "title": "Show a symbol at every tenth sample"
  },
  {
    "id": "PLT-09-009",
    "title": "Limit the total number of point symbols"
  },
  {
    "id": "PLT-09-010",
    "title": "Fill down to zero"
  },
  {
    "id": "PLT-09-011",
    "title": "Make the fill translucent"
  },
  {
    "id": "PLT-09-012",
    "title": "Fill between two curves"
  },
  {
    "id": "PLT-09-013",
    "title": "Set different defaults for data and functions"
  },
  {
    "id": "PLT-09-014",
    "title": "Quick reference: line types"
  },
  {
    "id": "PLT-09-015",
    "title": "Quick reference: line widths"
  },
  {
    "id": "PLT-09-016",
    "title": "Quick reference: dash patterns"
  },
  {
    "id": "PLT-09-017",
    "title": "Quick reference: point symbols"
  },
  {
    "id": "PLT-09-018",
    "title": "Quick reference: point sizes"
  },
  {
    "id": "PLT-09-019",
    "title": "Quick reference: fill patterns"
  },
  {
    "id": "PLT-09-020",
    "title": "Quick reference: lines, steps and impulses"
  },
  {
    "id": "PLT-10-001",
    "title": "Move the legend to the lower left"
  },
  {
    "id": "PLT-10-002",
    "title": "Move the legend to the upper left"
  },
  {
    "id": "PLT-10-003",
    "title": "Move the legend outside"
  },
  {
    "id": "PLT-10-004",
    "title": "Place a horizontal legend below"
  },
  {
    "id": "PLT-10-005",
    "title": "Draw a legend box"
  },
  {
    "id": "PLT-10-006",
    "title": "Give the legend an opaque background"
  },
  {
    "id": "PLT-10-007",
    "title": "Give the legend a title"
  },
  {
    "id": "PLT-10-008",
    "title": "Anchor the legend with graph coordinates"
  },
  {
    "id": "PLT-10-009",
    "title": "Enlarge legend text"
  },
  {
    "id": "PLT-10-010",
    "title": "Lengthen legend samples"
  },
  {
    "id": "PLT-10-011",
    "title": "Increase spacing between entries"
  },
  {
    "id": "PLT-10-012",
    "title": "Arrange the legend in two columns"
  },
  {
    "id": "PLT-10-013",
    "title": "Reverse legend entry order"
  },
  {
    "id": "PLT-10-014",
    "title": "Reverse sample placement without reordering entries"
  },
  {
    "id": "PLT-11-001",
    "title": "Keep only left and bottom borders"
  },
  {
    "id": "PLT-11-002",
    "title": "Restore all four borders"
  },
  {
    "id": "PLT-11-003",
    "title": "Keep just the bottom border"
  },
  {
    "id": "PLT-11-004",
    "title": "Put the frame and ticks at the top and right"
  },
  {
    "id": "PLT-11-005",
    "title": "Thicken the remaining borders"
  },
  {
    "id": "PLT-11-006",
    "title": "Colour the border and tick strokes"
  },
  {
    "id": "PLT-11-007",
    "title": "Use a dashed border"
  },
  {
    "id": "PLT-11-008",
    "title": "Shorten borders to the data extent"
  },
  {
    "id": "PLT-11-009",
    "title": "Draw the zero axes"
  },
  {
    "id": "PLT-11-010",
    "title": "Put ticks on the zero axes"
  },
  {
    "id": "PLT-11-011",
    "title": "Remove the outer frame"
  },
  {
    "id": "PLT-11-012",
    "title": "Style the horizontal zero reference"
  },
  {
    "id": "PLT-12-001",
    "title": "Compare five coordinate systems"
  },
  {
    "id": "PLT-12-002",
    "title": "Change ranges while retaining annotation anchors"
  },
  {
    "id": "PLT-12-003",
    "title": "Place text at a data point"
  },
  {
    "id": "PLT-12-004",
    "title": "Offset a label from its point"
  },
  {
    "id": "PLT-12-005",
    "title": "Anchor text to the plot region"
  },
  {
    "id": "PLT-12-006",
    "title": "Centre text on its anchor"
  },
  {
    "id": "PLT-12-007",
    "title": "Give a label an opaque text box"
  },
  {
    "id": "PLT-12-008",
    "title": "Rotate an annotation along a trend"
  },
  {
    "id": "PLT-12-009",
    "title": "Draw an arrow between points"
  },
  {
    "id": "PLT-12-010",
    "title": "Control arrowhead size and angles"
  },
  {
    "id": "PLT-12-011",
    "title": "Quick reference: arrowheads"
  },
  {
    "id": "PLT-12-012",
    "title": "Clip a segment whose endpoints are both outside"
  },
  {
    "id": "PLT-12-013",
    "title": "Highlight an x interval"
  },
  {
    "id": "PLT-12-014",
    "title": "Compare object layers behind and in front"
  },
  {
    "id": "PLT-13-001",
    "title": "Change the canvas shape"
  },
  {
    "id": "PLT-13-002",
    "title": "Change the overall font size"
  },
  {
    "id": "PLT-13-003",
    "title": "Make the plot region square"
  },
  {
    "id": "PLT-13-004",
    "title": "Set an explicit plot aspect ratio"
  },
  {
    "id": "PLT-13-005",
    "title": "Compare geometry on automatic axes"
  },
  {
    "id": "PLT-13-006",
    "title": "Give x and y equal physical units"
  },
  {
    "id": "PLT-13-007",
    "title": "Reserve more left margin"
  },
  {
    "id": "PLT-13-008",
    "title": "Reserve more bottom margin"
  },
  {
    "id": "PLT-13-009",
    "title": "Place the plot borders explicitly"
  },
  {
    "id": "PLT-13-010",
    "title": "Reserve space above the plot"
  },
  {
    "id": "PLT-13-011",
    "title": "Compare character margins with screen margins"
  },
  {
    "id": "PLT-14-001",
    "title": "Distinguish line types from user line styles"
  },
  {
    "id": "PLT-14-002",
    "title": "Replace a style fragment with a macro"
  },
  {
    "id": "PLT-14-003",
    "title": "Change the macro in one place"
  },
  {
    "id": "PLT-14-004",
    "title": "Reuse one style for two curves"
  },
  {
    "id": "PLT-14-005",
    "title": "Define and reuse a numbered line style"
  },
  {
    "id": "PLT-14-006",
    "title": "Override one property of a reusable style"
  },
  {
    "id": "PLT-14-007",
    "title": "Share geometry but vary colour"
  },
  {
    "id": "PLT-14-008",
    "title": "Put a range into a macro"
  },
  {
    "id": "PLT-14-009",
    "title": "Bundle several setup commands"
  },
  {
    "id": "PLT-14-010",
    "title": "Build a macro with string concatenation"
  },
  {
    "id": "PLT-14-011",
    "title": "Format a numeric macro parameter"
  },
  {
    "id": "PLT-14-012",
    "title": "See where a macro does not expand"
  },
  {
    "id": "PLT-14-013",
    "title": "Pass the title variable correctly"
  },
  {
    "id": "PLT-14-014",
    "title": "Execute constructed text with eval"
  },
  {
    "id": "PLT-14-015",
    "title": "Combine a plot loop with a style macro"
  },
  {
    "id": "PLT-14-016",
    "title": "Build macro text with a function parameter"
  },
  {
    "id": "PLT-14-017",
    "title": "Pass parameters to a reusable command block"
  },
  {
    "id": "PLT-14-018",
    "title": "Reset plot settings within a session"
  },
  {
    "id": "PLT-15-001",
    "title": "Plot measurements by record number"
  },
  {
    "id": "PLT-15-002",
    "title": "Calculate and draw the mean"
  },
  {
    "id": "PLT-15-003",
    "title": "Locate the minimum by its record index"
  },
  {
    "id": "PLT-15-004",
    "title": "Locate the maximum as well"
  },
  {
    "id": "PLT-15-005",
    "title": "Use the actual x positions"
  },
  {
    "id": "PLT-15-006",
    "title": "Transform x consistently for statistics and plotting"
  },
  {
    "id": "PLT-15-007",
    "title": "Draw the linear trend from two-column statistics"
  },
  {
    "id": "PLT-15-008",
    "title": "Show the computed summary beside the plot"
  },
  {
    "id": "PLT-15-009",
    "title": "Move the maximum by changing only the data"
  },
  {
    "id": "PLT-15-010",
    "title": "Move the minimum without editing annotations"
  },
  {
    "id": "PLT-15-011",
    "title": "Begin with observations for an exponential fit"
  },
  {
    "id": "PLT-15-012",
    "title": "Overlay an initial decay model"
  },
  {
    "id": "PLT-15-013",
    "title": "Let fit estimate the decay parameters"
  },
  {
    "id": "PLT-15-014",
    "title": "Display fitted values and their uncertainties"
  },
  {
    "id": "PLT-15-015",
    "title": "Inspect residuals after fitting"
  },
  {
    "id": "PLT-15-016",
    "title": "Start an interpolation with six samples"
  },
  {
    "id": "PLT-15-017",
    "title": "Connect samples with straight lines"
  },
  {
    "id": "PLT-15-018",
    "title": "Replace joins with a cubic spline"
  },
  {
    "id": "PLT-15-019",
    "title": "Preserve monotonicity with mcsplines"
  },
  {
    "id": "PLT-15-020",
    "title": "Compare interpolation choices in one figure"
  },
  {
    "id": "PLT-16-001",
    "title": "Create two side-by-side panels"
  },
  {
    "id": "PLT-16-002",
    "title": "Stack the same panels vertically"
  },
  {
    "id": "PLT-16-003",
    "title": "Use a two-by-two layout"
  },
  {
    "id": "PLT-16-004",
    "title": "Fill panels down columns first"
  },
  {
    "id": "PLT-16-005",
    "title": "Specify shared outer margins"
  },
  {
    "id": "PLT-16-006",
    "title": "Increase the gap between columns"
  },
  {
    "id": "PLT-16-007",
    "title": "Reduce the gap again"
  },
  {
    "id": "PLT-16-008",
    "title": "Add a shared figure title"
  },
  {
    "id": "PLT-16-009",
    "title": "Share an x scale across stacked panels"
  },
  {
    "id": "PLT-16-010",
    "title": "Create an inset manually"
  },
  {
    "id": "PLT-16-011",
    "title": "See settings persist between panels"
  },
  {
    "id": "PLT-16-012",
    "title": "Clear a setting before the next panel"
  },
  {
    "id": "PLT-17-001",
    "title": "Write an SVG with explicit terminal settings"
  },
  {
    "id": "PLT-17-002",
    "title": "Export the same plot as a PNG image"
  },
  {
    "id": "PLT-17-003",
    "title": "Export a PDF at a physical page size"
  },
  {
    "id": "PLT-17-004",
    "title": "Export a PNG with a transparent background"
  },
  {
    "id": "PLT-18-001",
    "title": "Start with three bars"
  },
  {
    "id": "PLT-18-002",
    "title": "Set an exact bar width"
  },
  {
    "id": "PLT-18-003",
    "title": "Fill the bars"
  },
  {
    "id": "PLT-18-004",
    "title": "Use category names"
  },
  {
    "id": "PLT-18-005",
    "title": "Write values above the bars"
  },
  {
    "id": "PLT-18-006",
    "title": "Colour each category"
  },
  {
    "id": "PLT-18-007",
    "title": "Put two series side by side"
  },
  {
    "id": "PLT-18-008",
    "title": "Widen the gap between groups"
  },
  {
    "id": "PLT-18-009",
    "title": "Use hatching for the series"
  },
  {
    "id": "PLT-18-010",
    "title": "Stack the series by row"
  },
  {
    "id": "PLT-18-011",
    "title": "Normalize every stack to 100 percent"
  },
  {
    "id": "PLT-18-012",
    "title": "Turn bars horizontally"
  },
  {
    "id": "PLT-19-001",
    "title": "Start with labelled bars"
  },
  {
    "id": "PLT-19-002",
    "title": "Leave one empty position between groups"
  },
  {
    "id": "PLT-19-003",
    "title": "Colour bars by group"
  },
  {
    "id": "PLT-19-004",
    "title": "Derive group labels and widths from the data"
  },
  {
    "id": "PLT-19-005",
    "title": "Scale a bracket to each group"
  },
  {
    "id": "PLT-19-006",
    "title": "Add a centred stem to the reusable shape"
  },
  {
    "id": "PLT-19-007",
    "title": "Widen a group by adding only a row"
  },
  {
    "id": "PLT-19-008",
    "title": "Detect an extra group and a new maximum"
  },
  {
    "id": "PLT-20-001",
    "title": "Bin raw observations into counts"
  },
  {
    "id": "PLT-20-002",
    "title": "Halve the bin width"
  },
  {
    "id": "PLT-20-003",
    "title": "Leave small gaps between bins"
  },
  {
    "id": "PLT-20-004",
    "title": "Shift the bin boundaries"
  },
  {
    "id": "PLT-20-005",
    "title": "Show probability per bin"
  },
  {
    "id": "PLT-20-006",
    "title": "Make the histogram a density"
  },
  {
    "id": "PLT-20-007",
    "title": "Display bin shares as percentages"
  },
  {
    "id": "PLT-20-008",
    "title": "Show the empirical cumulative distribution"
  },
  {
    "id": "PLT-21-001",
    "title": "Add symmetric error bars"
  },
  {
    "id": "PLT-21-002",
    "title": "Connect the uncertain measurements"
  },
  {
    "id": "PLT-21-003",
    "title": "Use asymmetric bounds"
  },
  {
    "id": "PLT-21-004",
    "title": "Show uncertainty as a ribbon"
  },
  {
    "id": "PLT-21-005",
    "title": "Summarize groups with boxplots"
  },
  {
    "id": "PLT-21-006",
    "title": "Change the boxplot whisker rule"
  },
  {
    "id": "PLT-21-007",
    "title": "Encode a third quantity as bubble area"
  },
  {
    "id": "PLT-21-008",
    "title": "Draw vectors from component data"
  },
  {
    "id": "PLT-21-009",
    "title": "Begin a price chart with closing values"
  },
  {
    "id": "PLT-21-010",
    "title": "Show open, close, low and high as candlesticks"
  },
  {
    "id": "PLT-21-011",
    "title": "Narrow the candlestick bodies"
  },
  {
    "id": "PLT-21-012",
    "title": "Colour rising and falling sessions from the data"
  },
  {
    "id": "PLT-21-013",
    "title": "Annotate the automatically detected high and low"
  },
  {
    "id": "PLT-21-014",
    "title": "See why repeated points hide observations"
  },
  {
    "id": "PLT-21-015",
    "title": "Separate overlapping observations with jitter"
  },
  {
    "id": "PLT-21-016",
    "title": "Increase the swarm separation"
  },
  {
    "id": "PLT-21-017",
    "title": "Limit horizontal displacement with wrap"
  },
  {
    "id": "PLT-21-018",
    "title": "Overlay automatically computed group means"
  },
  {
    "id": "PLT-22-001",
    "title": "Plot prepared PCA scores"
  },
  {
    "id": "PLT-22-002",
    "title": "Distinguish PCA groups by colour and symbol"
  },
  {
    "id": "PLT-22-003",
    "title": "Label selected PCA samples"
  },
  {
    "id": "PLT-22-004",
    "title": "Draw PCA group-spread ellipses"
  },
  {
    "id": "PLT-22-005",
    "title": "Colour PCA points by a continuous measurement"
  },
  {
    "id": "PLT-22-006",
    "title": "Overlay variable arrows in a PCA biplot"
  },
  {
    "id": "PLT-22-007",
    "title": "Connect multiple measurements with parallel axes"
  },
  {
    "id": "PLT-22-008",
    "title": "Fix meaningful ranges for each parallel axis"
  },
  {
    "id": "PLT-22-009",
    "title": "Colour parallel lines by design group"
  },
  {
    "id": "PLT-22-010",
    "title": "Reverse the cost axis to align preferences"
  },
  {
    "id": "PLT-22-011",
    "title": "Align all axes so higher means preferable"
  },
  {
    "id": "PLT-23-001",
    "title": "Start with a simple colour map"
  },
  {
    "id": "PLT-23-002",
    "title": "Choose a diverging palette"
  },
  {
    "id": "PLT-23-003",
    "title": "Expand the colour range"
  },
  {
    "id": "PLT-23-004",
    "title": "Set colourbar tick spacing"
  },
  {
    "id": "PLT-23-005",
    "title": "Label the colourbar"
  },
  {
    "id": "PLT-23-006",
    "title": "Hide the colourbar"
  },
  {
    "id": "PLT-23-007",
    "title": "Place a horizontal colourbar"
  },
  {
    "id": "PLT-23-008",
    "title": "Reduce a palette to discrete colour bands"
  },
  {
    "id": "PLT-23-009",
    "title": "Reverse the palette direction"
  },
  {
    "id": "PLT-23-010",
    "title": "Use a logarithmic colour scale"
  },
  {
    "id": "PLT-23-011",
    "title": "Colour points using a third data column"
  },
  {
    "id": "PLT-23-012",
    "title": "Share one colourbar across two panels"
  },
  {
    "id": "PLT-24-001",
    "title": "Draw a heatmap from a matrix"
  },
  {
    "id": "PLT-24-002",
    "title": "Put the first matrix row at the top"
  },
  {
    "id": "PLT-24-003",
    "title": "Label heatmap rows and columns"
  },
  {
    "id": "PLT-24-004",
    "title": "Print the value inside every cell"
  },
  {
    "id": "PLT-24-005",
    "title": "Draw lines between heatmap cells"
  },
  {
    "id": "PLT-24-006",
    "title": "Use a symmetric palette for signed values"
  },
  {
    "id": "PLT-24-007",
    "title": "Leave missing heatmap cells blank"
  },
  {
    "id": "PLT-24-008",
    "title": "Read a heatmap as x, y and value triples"
  },
  {
    "id": "PLT-25-001",
    "title": "Draw a wireframe surface"
  },
  {
    "id": "PLT-25-002",
    "title": "Remove hidden wireframe lines"
  },
  {
    "id": "PLT-25-003",
    "title": "Colour the surface height"
  },
  {
    "id": "PLT-25-004",
    "title": "Change the surface viewing angle"
  },
  {
    "id": "PLT-25-005",
    "title": "Compare coarse and fine surface sampling"
  },
  {
    "id": "PLT-25-006",
    "title": "Project contour lines into a map"
  },
  {
    "id": "PLT-25-007",
    "title": "Choose only specific contour levels"
  },
  {
    "id": "PLT-25-008",
    "title": "Draw a polar curve"
  },
  {
    "id": "PLT-25-009",
    "title": "Add a polar grid"
  },
  {
    "id": "PLT-26-001",
    "title": "Start a native spider plot"
  },
  {
    "id": "PLT-26-002",
    "title": "Add the polygonal spiderweb"
  },
  {
    "id": "PLT-26-003",
    "title": "Change the number of web rings"
  },
  {
    "id": "PLT-26-004",
    "title": "Show numeric notation on every spoke"
  },
  {
    "id": "PLT-26-005",
    "title": "Give each spoke a meaningful name"
  },
  {
    "id": "PLT-26-006",
    "title": "Rotate individual spoke labels"
  },
  {
    "id": "PLT-26-007",
    "title": "Move spoke names radially outward"
  },
  {
    "id": "PLT-26-008",
    "title": "Style the spoke-name font and colour"
  },
  {
    "id": "PLT-26-009",
    "title": "Use multiline and literal spoke names"
  },
  {
    "id": "PLT-26-010",
    "title": "Format a spoke scale as percentages"
  },
  {
    "id": "PLT-26-011",
    "title": "Use words for radial tick levels"
  },
  {
    "id": "PLT-26-012",
    "title": "Change numeric tick text and offset"
  },
  {
    "id": "PLT-26-013",
    "title": "Rotate numeric tick labels explicitly"
  },
  {
    "id": "PLT-26-014",
    "title": "Give spokes different units and ranges"
  },
  {
    "id": "PLT-26-015",
    "title": "Reverse a lower-is-better spoke"
  },
  {
    "id": "PLT-26-016",
    "title": "Choose which variable starts at the top"
  },
  {
    "id": "PLT-26-017",
    "title": "Fill the polygon transparently"
  },
  {
    "id": "PLT-26-018",
    "title": "Remove the polygon border"
  },
  {
    "id": "PLT-26-019",
    "title": "Mark every polygon vertex"
  },
  {
    "id": "PLT-26-020",
    "title": "Choose a dashed polygon outline"
  },
  {
    "id": "PLT-26-021",
    "title": "Style the radial spoke lines"
  },
  {
    "id": "PLT-26-022",
    "title": "Style and layer the web grid"
  },
  {
    "id": "PLT-26-023",
    "title": "Compare several rows and name the series"
  },
  {
    "id": "PLT-26-024",
    "title": "Combine separate datasets with newspiderplot"
  },
  {
    "id": "PLT-27-001",
    "title": "Draw a single sector"
  },
  {
    "id": "PLT-27-002",
    "title": "Complete a three-slice pie"
  },
  {
    "id": "PLT-27-003",
    "title": "Assign distinct slice colours"
  },
  {
    "id": "PLT-27-004",
    "title": "Separate slices with white borders"
  },
  {
    "id": "PLT-27-005",
    "title": "Label the percentages"
  },
  {
    "id": "PLT-27-006",
    "title": "Open a donut hole"
  },
  {
    "id": "PLT-27-007",
    "title": "Make the donut ring thinner"
  },
  {
    "id": "PLT-27-008",
    "title": "Reverse the angular direction"
  },
  {
    "id": "PLT-27-009",
    "title": "Add a central total"
  },
  {
    "id": "PLT-28-001",
    "title": "Start with one floating rectangle"
  },
  {
    "id": "PLT-28-002",
    "title": "Arrange a sequence of intervals"
  },
  {
    "id": "PLT-28-003",
    "title": "Derive intervals from signed changes"
  },
  {
    "id": "PLT-28-004",
    "title": "Colour totals, gains and losses"
  },
  {
    "id": "PLT-28-005",
    "title": "Connect the running levels"
  },
  {
    "id": "PLT-28-006",
    "title": "Print the signed changes"
  },
  {
    "id": "PLT-28-007",
    "title": "Narrow the waterfall bars"
  },
  {
    "id": "PLT-28-008",
    "title": "Draw a small schedule from task intervals"
  },
  {
    "id": "PLT-28-009",
    "title": "Replace schedule lines with interval boxes"
  },
  {
    "id": "PLT-28-010",
    "title": "Show calendar dates on the schedule"
  },
  {
    "id": "PLT-28-011",
    "title": "Overlay the completed fraction of each task"
  },
  {
    "id": "PLT-28-012",
    "title": "Adapt the schedule range when a task is added"
  },
  {
    "id": "PLT-29-001",
    "title": "Draw a family of related curves"
  },
  {
    "id": "PLT-29-002",
    "title": "Separate curves with a vertical offset"
  },
  {
    "id": "PLT-29-003",
    "title": "Increase the separation"
  },
  {
    "id": "PLT-29-004",
    "title": "Fill offset curves back to front"
  },
  {
    "id": "PLT-29-005",
    "title": "Move the signal waterfall into 3D"
  },
  {
    "id": "PLT-29-006",
    "title": "Fill the 3D waterfall slices"
  },
  {
    "id": "PLT-30-001",
    "title": "Define a reusable style file"
  },
  {
    "id": "PLT-30-002",
    "title": "Load a project or personal style"
  },
  {
    "id": "PLT-30-003",
    "title": "Load RWTHâ��Tufte for a line plot"
  },
  {
    "id": "PLT-30-004",
    "title": "Use the libraryâ��s named colours"
  },
  {
    "id": "PLT-30-005",
    "title": "Override a style for one plot"
  }
]



# Licensing

These terms apply to original material by Lukas C. Bossert in this repository,
including its published HTML/PDF guides and downloadable packages.
The two licenses cover different parts of the project.

## Content — CC0 1.0 Universal

Tutorial prose, documentation text, individual example code, input fixtures,
example results, plots, illustrations and repository artwork are dedicated to
the public domain under [CC0 1.0 Universal](https://creativecommons.org/publicdomain/zero/1.0/).
You may reuse this content without attribution. Full legal text:
[LICENSES/CC0-1.0.txt](LICENSES/CC0-1.0.txt).

## Structure — CC BY 4.0 International

The original, copyrightable selection and arrangement of the tours, page design,
layouts, templates and the publishing/build framework implementation are licensed
under [Creative Commons Attribution 4.0 International](https://creativecommons.org/licenses/by/4.0/).
This includes publisher, rendering, navigation and build code; tutorial example
code remains CC0. Copyright in this structural material: Lukas C. Bossert.
Full legal text: [LICENSES/CC-BY-4.0.txt](LICENSES/CC-BY-4.0.txt).

When sharing this structural material or adaptations, give appropriate credit,
retain supplied notices, link to CC BY 4.0 and the source where reasonably
practicable, and indicate changes. A suitable credit is:

> Tour guides structure and publishing framework by Lukas C. Bossert,
> licensed under CC BY 4.0. Source: https://codeberg.org/lukascbossert/tourguides.
> Changes: describe your changes, if any.

Repository source: https://codeberg.org/lukascbossert/gnuplot-tour

Abstract ideas, methods and facts are not subject to these copyright conditions.
Credit for inspiration from the tour concept is appreciated as a courtesy.
See [Creative Commons' explanation of ideas and database structure](https://creativecommons.org/faq/#what-components-of-a-database-are-protected-by-copyright).

## Third-party material

Existing third-party material, fonts, dependencies, quoted material and their
license/attribution notices retain their respective terms. The terms above apply
only to rights held by Lukas C. Bossert; they do not relicense third-party work.
Both Creative Commons legal tools include their own warranty disclaimers.

The official gnuplot demo gallery has its own terms; this repository’s CC0
dedication does not apply to upstream scripts or assets. The new gallery-inspired
sequences contain original fixtures and examples. See the
[gallery licence review](LICENSES/gnuplot-gallery-review.md) for sources and scope.



Attribution 4.0 International

=======================================================================
Creative Commons Corporation ("Creative Commons") is not a law firm and
does not provide legal services or legal advice. Distribution of
Creative Commons public licenses does not create a lawyer-client or
other relationship. Creative Commons makes its licenses and related
information available on an "as-is" basis. Creative Commons gives no
warranties regarding its licenses, any material licensed under their
terms and conditions, or any related information. Creative Commons
disclaims all liability for damages resulting from their use to the
fullest extent possible.
Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and
conditions that creators and other rights holders may use to share
original works of authorship and other material subject to copyright
and certain other rights specified in the public license below. The
following considerations are for informational purposes only, are not
exhaustive, and do not form part of our licenses.
     Considerations for licensors: Our public licenses are
     intended for use by those authorized to give the public
     permission to use material in ways otherwise restricted by
     copyright and certain other rights. Our licenses are
     irrevocable. Licensors should read and understand the terms
     and conditions of the license they choose before applying it.
     Licensors should also secure all rights necessary before
     applying our licenses so that the public can reuse the
     material as expected. Licensors should clearly mark any
     material not subject to the license. This includes other CC-
     licensed material, or material used under an exception or
     limitation to copyright. More considerations for licensors:
    wiki.creativecommons.org/Considerations_for_licensors
     Considerations for the public: By using one of our public
     licenses, a licensor grants the public permission to use the
     licensed material under specified terms and conditions. If
     the licensor's permission is not necessary for any reason--for
     example, because of any applicable exception or limitation to
     copyright--then that use is not regulated by the license. Our
     licenses grant only permissions under copyright and certain
     other rights that a licensor has authority to grant. Use of
     the licensed material may still be restricted for other
     reasons, including because others have copyright or other
     rights in the material. A licensor may make special requests,
     such as asking that all changes be marked or described.
     Although not required by our licenses, you are encouraged to
     respect those requests where reasonable. More considerations
     for the public:
    wiki.creativecommons.org/Considerations_for_licensees
=======================================================================

Creative Commons Attribution 4.0 International Public License
By exercising the Licensed Rights (defined below), You accept and agree
to be bound by the terms and conditions of this Creative Commons
Attribution 4.0 International Public License ("Public License"). To the
extent this Public License may be interpreted as a contract, You are
granted the Licensed Rights in consideration of Your acceptance of
these terms and conditions, and the Licensor grants You such rights in
consideration of benefits the Licensor receives from making the
Licensed Material available under these terms and conditions.

Section 1 -- Definitions.
  a. Adapted Material means material subject to Copyright and Similar
     Rights that is derived from or based upon the Licensed Material
     and in which the Licensed Material is translated, altered,
     arranged, transformed, or otherwise modified in a manner requiring
     permission under the Copyright and Similar Rights held by the
     Licensor. For purposes of this Public License, where the Licensed
     Material is a musical work, performance, or sound recording,
     Adapted Material is always produced where the Licensed Material is
     synched in timed relation with a moving image.
  b. Adapter's License means the license You apply to Your Copyright
     and Similar Rights in Your contributions to Adapted Material in
     accordance with the terms and conditions of this Public License.
  c. Copyright and Similar Rights means copyright and/or similar rights
     closely related to copyright including, without limitation,
     performance, broadcast, sound recording, and Sui Generis Database
     Rights, without regard to how the rights are labeled or
     categorized. For purposes of this Public License, the rights
     specified in Section 2(b)(1)-(2) are not Copyright and Similar
     Rights.
  d. Effective Technological Measures means those measures that, in the
     absence of proper authority, may not be circumvented under laws
     fulfilling obligations under Article 11 of the WIPO Copyright
     Treaty adopted on December 20, 1996, and/or similar international
     agreements.

  e. Exceptions and Limitations means fair use, fair dealing, and/or
     any other exception or limitation to Copyright and Similar Rights
     that applies to Your use of the Licensed Material.
  f. Licensed Material means the artistic or literary work, database,
     or other material to which the Licensor applied this Public
     License.

  g. Licensed Rights means the rights granted to You subject to the
     terms and conditions of this Public License, which are limited to
     all Copyright and Similar Rights that apply to Your use of the
     Licensed Material and that the Licensor has authority to license.
  h. Licensor means the individual(s) or entity(ies) granting rights
     under this Public License.
  i. Share means to provide material to the public by any means or
     process that requires permission under the Licensed Rights, such
     as reproduction, public display, public performance, distribution,
     dissemination, communication, or importation, and to make material
     available to the public including in ways that members of the
     public may access the material from a place and at a time
     individually chosen by them.
  j. Sui Generis Database Rights means rights other than copyright
     resulting from Directive 96/9/EC of the European Parliament and of
     the Council of 11 March 1996 on the legal protection of databases,
     as amended and/or succeeded, as well as other essentially
     equivalent rights anywhere in the world.

  k. You means the individual or entity exercising the Licensed Rights
     under this Public License. Your has a corresponding meaning.


Section 2 -- Scope.

  a. License grant.
       1. Subject to the terms and conditions of this Public License,
          the Licensor hereby grants You a worldwide, royalty-free,
          non-sublicensable, non-exclusive, irrevocable license to
          exercise the Licensed Rights in the Licensed Material to:

            a. reproduce and Share the Licensed Material, in whole or
               in part; and

            b. produce, reproduce, and Share Adapted Material.
       2. Exceptions and Limitations. For the avoidance of doubt, where
          Exceptions and Limitations apply to Your use, this Public
          License does not apply, and You do not need to comply with
          its terms and conditions.

       3. Term. The term of this Public License is specified in Section
          6(a).
       4. Media and formats; technical modifications allowed. The
          Licensor authorizes You to exercise the Licensed Rights in
          all media and formats whether now known or hereafter created,
          and to make technical modifications necessary to do so. The
          Licensor waives and/or agrees not to assert any right or
          authority to forbid You from making technical modifications
          necessary to exercise the Licensed Rights, including
          technical modifications necessary to circumvent Effective
          Technological Measures. For purposes of this Public License,
          simply making modifications authorized by this Section 2(a)
          (4) never produces Adapted Material.
       5. Downstream recipients.

            a. Offer from the Licensor -- Licensed Material. Every
               recipient of the Licensed Material automatically
               receives an offer from the Licensor to exercise the
               Licensed Rights under the terms and conditions of this
               Public License.
            b. No downstream restrictions. You may not offer or impose
               any additional or different terms or conditions on, or
               apply any Effective Technological Measures to, the
               Licensed Material if doing so restricts exercise of the
               Licensed Rights by any recipient of the Licensed
               Material.
       6. No endorsement. Nothing in this Public License constitutes or
          may be construed as permission to assert or imply that You
          are, or that Your use of the Licensed Material is, connected
          with, or sponsored, endorsed, or granted official status by,
          the Licensor or others designated to receive attribution as
          provided in Section 3(a)(1)(A)(i).

  b. Other rights.
       1. Moral rights, such as the right of integrity, are not
          licensed under this Public License, nor are publicity,
          privacy, and/or other similar personality rights; however, to
          the extent possible, the Licensor waives and/or agrees not to
          assert any such rights held by the Licensor to the limited
          extent necessary to allow You to exercise the Licensed
          Rights, but not otherwise.
       2. Patent and trademark rights are not licensed under this
          Public License.

       3. To the extent possible, the Licensor waives any right to
          collect royalties from You for the exercise of the Licensed
          Rights, whether directly or through a collecting society
          under any voluntary or waivable statutory or compulsory
          licensing scheme. In all other cases the Licensor expressly
          reserves any right to collect such royalties.

Section 3 -- License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the
following conditions.

  a. Attribution.

       1. If You Share the Licensed Material (including in modified
          form), You must:

            a. retain the following if it is supplied by the Licensor
               with the Licensed Material:
                 i. identification of the creator(s) of the Licensed
                    Material and any others designated to receive
                    attribution, in any reasonable manner requested by
                    the Licensor (including by pseudonym if
                    designated);

                ii. a copyright notice;

               iii. a notice that refers to this Public License;

                iv. a notice that refers to the disclaimer of
                    warranties;
                 v. a URI or hyperlink to the Licensed Material to the
                    extent reasonably practicable;

            b. indicate if You modified the Licensed Material and
               retain an indication of any previous modifications; and

            c. indicate the Licensed Material is licensed under this
               Public License, and include the text of, or the URI or
               hyperlink to, this Public License.
       2. You may satisfy the conditions in Section 3(a)(1) in any
          reasonable manner based on the medium, means, and context in
          which You Share the Licensed Material. For example, it may be
          reasonable to satisfy the conditions by providing a URI or
          hyperlink to a resource that includes the required
          information.
       3. If requested by the Licensor, You must remove any of the
          information required by Section 3(a)(1)(A) to the extent
          reasonably practicable.

       4. If You Share Adapted Material You produce, the Adapter's
          License You apply must not prevent recipients of the Adapted
          Material from complying with this Public License.


Section 4 -- Sui Generis Database Rights.
Where the Licensed Rights include Sui Generis Database Rights that
apply to Your use of the Licensed Material:

  a. for the avoidance of doubt, Section 2(a)(1) grants You the right
     to extract, reuse, reproduce, and Share all or a substantial
     portion of the contents of the database;
  b. if You include all or a substantial portion of the database
     contents in a database in which You have Sui Generis Database
     Rights, then the database in which You have Sui Generis Database
     Rights (but not its individual contents) is Adapted Material; and

  c. You must comply with the conditions in Section 3(a) if You Share
     all or a substantial portion of the contents of the database.
For the avoidance of doubt, this Section 4 supplements and does not
replace Your obligations under this Public License where the Licensed
Rights include other Copyright and Similar Rights.


Section 5 -- Disclaimer of Warranties and Limitation of Liability.
  a. UNLESS OTHERWISE SEPARATELY UNDERTAKEN BY THE LICENSOR, TO THE
     EXTENT POSSIBLE, THE LICENSOR OFFERS THE LICENSED MATERIAL AS-IS
     AND AS-AVAILABLE, AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
     ANY KIND CONCERNING THE LICENSED MATERIAL, WHETHER EXPRESS,
     IMPLIED, STATUTORY, OR OTHER. THIS INCLUDES, WITHOUT LIMITATION,
     WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR
     PURPOSE, NON-INFRINGEMENT, ABSENCE OF LATENT OR OTHER DEFECTS,
     ACCURACY, OR THE PRESENCE OR ABSENCE OF ERRORS, WHETHER OR NOT
     KNOWN OR DISCOVERABLE. WHERE DISCLAIMERS OF WARRANTIES ARE NOT
     ALLOWED IN FULL OR IN PART, THIS DISCLAIMER MAY NOT APPLY TO YOU.
  b. TO THE EXTENT POSSIBLE, IN NO EVENT WILL THE LICENSOR BE LIABLE
     TO YOU ON ANY LEGAL THEORY (INCLUDING, WITHOUT LIMITATION,
     NEGLIGENCE) OR OTHERWISE FOR ANY DIRECT, SPECIAL, INDIRECT,
     INCIDENTAL, CONSEQUENTIAL, PUNITIVE, EXEMPLARY, OR OTHER LOSSES,
     COSTS, EXPENSES, OR DAMAGES ARISING OUT OF THIS PUBLIC LICENSE OR
     USE OF THE LICENSED MATERIAL, EVEN IF THE LICENSOR HAS BEEN
     ADVISED OF THE POSSIBILITY OF SUCH LOSSES, COSTS, EXPENSES, OR
     DAMAGES. WHERE A LIMITATION OF LIABILITY IS NOT ALLOWED IN FULL OR
     IN PART, THIS LIMITATION MAY NOT APPLY TO YOU.
  c. The disclaimer of warranties and limitation of liability provided
     above shall be interpreted in a manner that, to the extent
     possible, most closely approximates an absolute disclaimer and
     waiver of all liability.


Section 6 -- Term and Termination.

  a. This Public License applies for the term of the Copyright and
     Similar Rights licensed here. However, if You fail to comply with
     this Public License, then Your rights under this Public License
     terminate automatically.
  b. Where Your right to use the Licensed Material has terminated under
     Section 6(a), it reinstates:

       1. automatically as of the date the violation is cured, provided
          it is cured within 30 days of Your discovery of the
          violation; or

       2. upon express reinstatement by the Licensor.

     For the avoidance of doubt, this Section 6(b) does not affect any
     right the Licensor may have to seek remedies for Your violations
     of this Public License.
  c. For the avoidance of doubt, the Licensor may also offer the
     Licensed Material under separate terms or conditions or stop
     distributing the Licensed Material at any time; however, doing so
     will not terminate this Public License.

  d. Sections 1, 5, 6, 7, and 8 survive termination of this Public
     License.


Section 7 -- Other Terms and Conditions.

  a. The Licensor shall not be bound by any additional or different
     terms or conditions communicated by You unless expressly agreed.
  b. Any arrangements, understandings, or agreements regarding the
     Licensed Material not stated herein are separate from and
     independent of the terms and conditions of this Public License.


Section 8 -- Interpretation.

  a. For the avoidance of doubt, this Public License does not, and
     shall not be interpreted to, reduce, limit, restrict, or impose
     conditions on any use of the Licensed Material that could lawfully
     be made without permission under this Public License.
  b. To the extent possible, if any provision of this Public License is
     deemed unenforceable, it shall be automatically reformed to the
     minimum extent necessary to make it enforceable. If the provision
     cannot be reformed, it shall be severed from this Public License
     without affecting the enforceability of the remaining terms and
     conditions.
  c. No term or condition of this Public License will be waived and no
     failure to comply consented to unless expressly agreed to by the
     Licensor.

  d. Nothing in this Public License constitutes or may be interpreted
     as a limitation upon, or waiver of, any privileges and immunities
     that apply to the Licensor or You, including from the legal
     processes of any jurisdiction or authority.


=======================================================================
Creative Commons is not a party to its public
licenses. Notwithstanding, Creative Commons may elect to apply one of
its public licenses to material it publishes and in those instances
will be considered the â��Licensor.â�� The text of the Creative Commons
public licenses is dedicated to the public domain under the CC0 Public
Domain Dedication. Except for the limited purpose of indicating that
material is shared under a Creative Commons public license or as
otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the
use of the trademark "Creative Commons" or any other trademark or logo
of Creative Commons without its prior written consent including,
without limitation, in connection with any unauthorized modifications
to any of its public licenses or any other arrangements,
understandings, or agreements concerning use of licensed material. For
the avoidance of doubt, this paragraph does not form part of the
public licenses.
Creative Commons may be contacted at creativecommons.org.



Creative Commons Legal Code

CC0 1.0 Universal
    CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT PROVIDE
    LEGAL SERVICES. DISTRIBUTION OF THIS DOCUMENT DOES NOT CREATE AN
    ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS
    INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS MAKES NO WARRANTIES
    REGARDING THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS
    PROVIDED HEREUNDER, AND DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM
    THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS PROVIDED
    HEREUNDER.
Statement of Purpose

The laws of most jurisdictions throughout the world automatically confer
exclusive Copyright and Related Rights (defined below) upon the creator
and subsequent owner(s) (each and all, an "owner") of an original work of
authorship and/or a database (each, a "Work").
Certain owners wish to permanently relinquish those rights to a Work for
the purpose of contributing to a commons of creative, cultural and
scientific works ("Commons") that the public can reliably and without fear
of later claims of infringement build upon, modify, incorporate in other
works, reuse and redistribute as freely as possible in any form whatsoever
and for any purposes, including without limitation commercial purposes.
These owners may contribute to the Commons to promote the ideal of a free
culture and the further production of creative, cultural and scientific
works, or to gain reputation or greater distribution for their Work in
part through the use and efforts of others.
For these and/or other purposes and motivations, and without any
expectation of additional consideration or compensation, the person
associating CC0 with a Work (the "Affirmer"), to the extent that he or she
is an owner of Copyright and Related Rights in the Work, voluntarily
elects to apply CC0 to the Work and publicly distribute the Work under its
terms, with knowledge of his or her Copyright and Related Rights in the
Work and the meaning and intended legal effect of CC0 on those rights.
1. Copyright and Related Rights. A Work made available under CC0 may be
protected by copyright and related or neighboring rights ("Copyright and
Related Rights"). Copyright and Related Rights include, but are not
limited to, the following:
  i. the right to reproduce, adapt, distribute, perform, display,
     communicate, and translate a Work;
 ii. moral rights retained by the original author(s) and/or performer(s);
iii. publicity and privacy rights pertaining to a person's image or
     likeness depicted in a Work;
 iv. rights protecting against unfair competition in regards to a Work,
     subject to the limitations in paragraph 4(a), below;
  v. rights protecting the extraction, dissemination, use and reuse of data
     in a Work;
 vi. database rights (such as those arising under Directive 96/9/EC of the
     European Parliament and of the Council of 11 March 1996 on the legal
     protection of databases, and under any national implementation
     thereof, including any amended or successor version of such
     directive); and
vii. other similar, equivalent or corresponding rights throughout the
     world based on applicable law or treaty, and any national
     implementations thereof.
2. Waiver. To the greatest extent permitted by, but not in contravention
of, applicable law, Affirmer hereby overtly, fully, permanently,
irrevocably and unconditionally waives, abandons, and surrenders all of
Affirmer's Copyright and Related Rights and associated claims and causes
of action, whether now known or unknown (including existing as well as
future claims and causes of action), in the Work (i) in all territories
worldwide, (ii) for the maximum duration provided by applicable law or
treaty (including future time extensions), (iii) in any current or future
medium and for any number of copies, and (iv) for any purpose whatsoever,
including without limitation commercial, advertising or promotional
purposes (the "Waiver"). Affirmer makes the Waiver for the benefit of each
member of the public at large and to the detriment of Affirmer's heirs and
successors, fully intending that such Waiver shall not be subject to
revocation, rescission, cancellation, termination, or any other legal or
equitable action to disrupt the quiet enjoyment of the Work by the public
as contemplated by Affirmer's express Statement of Purpose.
3. Public License Fallback. Should any part of the Waiver for any reason
be judged legally invalid or ineffective under applicable law, then the
Waiver shall be preserved to the maximum extent permitted taking into
account Affirmer's express Statement of Purpose. In addition, to the
extent the Waiver is so judged Affirmer hereby grants to each affected
person a royalty-free, non transferable, non sublicensable, non exclusive,
irrevocable and unconditional license to exercise Affirmer's Copyright and
Related Rights in the Work (i) in all territories worldwide, (ii) for the
maximum duration provided by applicable law or treaty (including future
time extensions), (iii) in any current or future medium and for any number
of copies, and (iv) for any purpose whatsoever, including without
limitation commercial, advertising or promotional purposes (the
"License"). The License shall be deemed effective as of the date CC0 was
applied by Affirmer to the Work. Should any part of the License for any
reason be judged legally invalid or ineffective under applicable law, such
partial invalidity or ineffectiveness shall not invalidate the remainder
of the License, and in such case Affirmer hereby affirms that he or she
will not (i) exercise any of his or her remaining Copyright and Related
Rights in the Work or (ii) assert any associated claims and causes of
action with respect to the Work, in either case contrary to Affirmer's
express Statement of Purpose.
4. Limitations and Disclaimers.
 a. No trademark or patent rights held by Affirmer are waived, abandoned,
    surrendered, licensed or otherwise affected by this document.
 b. Affirmer offers the Work as-is and makes no representations or
    warranties of any kind concerning the Work, express, implied,
    statutory or otherwise, including without limitation warranties of
    title, merchantability, fitness for a particular purpose, non
    infringement, or the absence of latent or other defects, accuracy, or
    the present or absence of errors, whether or not discoverable, all to
    the greatest extent permissible under applicable law.
 c. Affirmer disclaims responsibility for clearing rights of other persons
    that may apply to the Work or any use thereof, including without
    limitation any person's Copyright and Related Rights in the Work.
    Further, Affirmer disclaims responsibility for obtaining any necessary
    consents, permissions or other rights required for any use of the
    Work.
 d. Affirmer understands and acknowledges that Creative Commons is not a
    party to this document and has no duty or obligation with respect to
    this CC0 or use of the Work.


