A VISUAL REFERENCE - GNU Make

GNU Make,
one change at a time

From a first rule to reliable builds, LaTeX documents and publishing workflows. Complete source. A small change. Its actual result.

The Org file is the canonical source. Read the HTML guide beside your work, or download its PDF and source for offline reading.

Last changes: 2026-10-11. Unified tour-chapter-example IDs, numbered chapter anchors and updated direct links, downloads and comparisons. Manual
references now use descriptive links. Reader pages now omit publishing instructions and highlight PDF downloads.

90 14 1

worked examples topic families canonical Org source



READING THE TOUR

Three ways to see a change

Makefile Build result Complete workflow
Read the exact Makefile used by the example, Compare captured output and exit status with Expand the runnable reproducer or download
including targets, prerequisites and recipes. the files and commands declared by the rule. its script to recreate all local inputs.

The primary panel shows the exact Makefile used by the runnable example. Expand Complete runnable example for setup files, invocation and
checks, or download its .mk and .sh files. The PDF keeps the Makefile and output together; its downloads and attached Org source provide the full
reproducer. The LaTeX section covers documents, bibliography tools, generated figures, draft/final builds, cleanup and a source package that
rebuilds successfully.

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 use this tour

Learn GNU Make through 90 complete examples in 14 topics. Read the Makefile, then compare the captured output. Every example has a MAK
identifier, a direct URL anchor and a Copy link button in the HTML guide. Tabs introduce ordinary recipes; the visible-prefix example shows an
alternative.

Requirements: GNU Make 4.3 or newer, Bash, and common Unix tools. The final three workflow examples also use AWK and gnuplot. The LaTeX
section requires latexmk, pdfLaTeX, BibTeX, Biber with biblatex, and pdftotext. On macOS, /usr/bin/make is often GNU Make 3.81; install a current
GNU Make with brew install make and use gmake. The runnable examples prefer gmake when it exists and otherwise use make.

Each example writes to its own newly created temporary directory. The directory is removed on exit. To retain its artifacts when running a
downloaded script, use KEEP_WORK=1 bash MAK-13-004.sh. These are original examples, not extracts from the GNU manual. Content is CCO; the
tour structure is CC BY 4.0.

The primary panel shows the exact Makefile used by the runnable example. Expand Complete runnable example for setup files, invocation and
follow-up checks, or download its .sh file. The PDF keeps the Makefile and output together; its download links and attached Org source provide the
complete reproducer. Parallel recipe output ordering may vary; MAK-11-003 accepts both complete block orders rather than pretending the
scheduler has a fixed order.



Concepts to keep in mind

Make first reads and expands its configuration, then walks the dependency graph. A real file target is stale when missing or older than a normal
prerequisite. A phony goal names an action. Order-only prerequisites establish ordering without making timestamp changes propagate. A recipe
usually uses one shell per logical line. Make variables and shell variables have different expansion rules. Declare real dependencies before enabling
parallel execution.

Read the GNU Make manual for the complete reference.

Selected manual sections:

e Rule syntax
e Normal and order-only prerequisites

e Variable flavors

e Automatic variables
e Parallel execution

e Rules with multiple targets

01 - Read and run a rule


https://www.gnu.org/software/make/manual/
https://www.gnu.org/software/make/manual/html_node/Rule-Syntax.html
https://www.gnu.org/software/make/manual/html_node/Prerequisite-Types.html
https://www.gnu.org/software/make/manual/html_node/Flavors.html
https://www.gnu.org/software/make/manual/html_node/Automatic-Variables.html
https://www.gnu.org/software/make/manual/html_node/Parallel.html
https://www.gnu.org/software/make/manual/html_node/Multiple-Targets.html

MAK-01-001

A target and its recipe

A rule names a target before the colon. The following tab-indented recipe runs when that target is requested. Run: make hello.

Makefile Actual output

helies Captured run - exit 0

printf "%s\n" "Hello from Make"
printf "%s\n" "Hello from Make"
Hello from Make

Download: MAK-01-001.mk - MAK-01-001.sh




MAK-01-002

Silence recipe echo with @

Add @ to hide the recipe command while retaining its output. Compare with MAK-01-001. Run: make hello.

Makefile Actual output

helies Captured run - exit 0

@printf "%s\n" "Hello from Make"
Hello from Make

Download: MAK-01-002.mk - MAK-01-002.sh




MAK-01-003

Choose the default goal

.DEFAULT_GOAL makes the default explicit even when a helper rule comes first. Run: make.

Makefile Actual output
.DEFAULT_GOAL := all Captured run - exit 0
helper:

@rintf "helper\n" default all
all:

@printf "default all\n"

Download: MAK-01-003.mk - MAK-01-003.sh




MAK-01-004

Request a nhamed target

Only the requested target and its prerequisites are considered. The default goal is irrelevant to make check.

Makefile Actual output

ailile Captured run - exit 0

@printf "build\n"

check: check
@printf "check\n"

Download: MAK-01-004.mk - MAK-01-004.sh




MAK-01-005

Request two goals

Specify both goals on the command line. This serial invocation prints their results in the requested order.

Makefile Actual output

) Captured run - exit 0
one:

@printf "one\n"
two: one
@rintf "two\n" two

Download: MAK-01-005.mk - MAK-01-005.sh




MAK-01-006

Use another makefile name

-f selects a makefile explicitly. The runnable script renames the displayed file to rules.mk. Run: make -f rules.mk hello.

Makefile Actual output

helies Captured run - exit 0

@rintf "rules.mk selected\n"

rules.mk selected

Download: MAK-01-006.mk - MAK-01-006.sh

02 - Files and incremental builds
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MAK-02-001

Create a missing output

The missing report.txt must be built from input.txt. The setup file contains a single record, 7. Run: make report.txt, then cat report.txt.

Makefile

report.txt: input.txt
@printf "building report\n"
@cp input.txt report.txt

Download: MAK-02-001.mk - MAK-02-001.sh

Actual output

Captured run - exit 0

building report
7

11



MAK-02-002

Skip an up-to-date output

The second invocation has nothing to rebuild. A label separates the two runs; make -s keeps the no-op quiet.

Makefile

report.txt: input.txt
@printf "building report\n"
@cp input.txt report.txt

Download: MAK-02-002.mk - MAK-02-002.sh

Actual output

Captured run - exit 0

first run
building report
second run

12



MAK-02-003

Rebuild after a newer prerequisite

Changing the input only triggers a rebuild when its timestamp is newer. The script assigns explicit past timestamps to avoid sleeps and filesystem-

resolution races.

Makefile

report.txt: input.txt
@printf "building report\n"
@cp input.txt report.txt

Download: MAK-02-003.mk - MAK-02-003.sh

Actual output

Captured run - exit 0

building report
building report
9
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MAK-02-004

Content changes are not enough

Make compares timestamps, not file contents. The script replaces the input but dates it earlier than the report; the report keeps its old value.
Content hashing needs an explicit design.
Makefile Actual output

report.txt: input.txt Captured run - exit 0

@cp input.txt report.txt

Download: MAK-02-004.mk - MAK-02-004.sh




MAK-02-005

Build a dependency chain

Make completes the intermediate table before its dependent report. The order comes from the graph, not the order of recipe text.

Makefile Actual output

report.txt: table.txt Captured run - exit 0

@printf "report\n"

@cp table.txt report.txt table
table.txt: input.txt

@printf "table\n"

@cp input.txt table.txt

report

Download: MAK-02-005.mk - MAK-02-005.sh




MAK-02-006

Share one prerequisite

Two outputs depend on the same prepared file. It is made once per invocation. Run: make all.

Makefile Actual output

all: left.txt right.txt Captured run - exit 0

left.txt right.txt: prepared.txt

@cp prepared.txt $@ prepare once
prepared. txt:

@printf "prepare once\n"

@rintf "ready\n" > $@

Download: MAK-02-006.mk - MAK-02-006.sh

03 - Phony goals and directories
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MAK-03-001

A filename can hide a command goal

A file named check makes an ordinary target appear current. The script creates that file and demonstrates the skipped recipe. Compare with
MAK-03-002.

Makefile Actual output

check: Captured run - exit 0

@printf "checked\n"

recipe was skipped

Download: MAK-03-001.mk - MAK-03-001.sh
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MAK-03-002

Declare a command goal phony

.PHONY says that check names an action rather than a real output. It runs even when a file named check exists.

Makefile Actual output

_PHONY: check Captured run - exit 0

check:
@printf "checked\n" checked

Download: MAK-03-002.mk - MAK-03-002.sh
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MAK-03-003

Provide an aggregate all goal

An aggregate phony goal joins several real outputs without creating a file named all. Repeating make all does not rebuild current files.

Makefile Actual output
oHONY: o1 Captured run - exit 0
all: a.txt b.txt
a.txt b.txt: a.txt

@rintf "%s\n" "$@" b.txt
@rintf "ready\n" > $@ again

Download: MAK-03-003.mk - MAK-03-003.sh




MAK-03-004

Create an output directory first

The vertical bar introduces an order-only prerequisite. Build the directory before report.txt without using its timestamp to decide whether the report

is stale.

Makefile

build/report.txt: input.txt | build
@cp input.txt $@
@printf "report created\n"
build:
@mkdir -p $@

Download: MAK-03-004.mk - MAK-03-004.sh

Actual output

Captured run - exit 0

report created

20



MAK-03-005

Directory changes do not rebuild outputs

Adding an unrelated file changes the directory timestamp. Because build is order-only, the existing report remains current.

Makefile

build/report.txt: input.txt | build
@cp input.txt $@
@printf "report created\n"
build:
@mkdir -p $@

Download: MAK-03-005.mk - MAK-03-005.sh

Actual output

Captured run - exit 0

report created
again
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MAK-03-006

A local clean goal

A clean action removes only the named generated output in the fresh demonstration directory. Phony clean never collides with a file of the same
name.

Makefile Actual output

_PHONY: all clean Captured run - exit 0

all: result.txt

result.txt: generated output removed
@printf "generated\n" > $@

clean:
@rm -f result.txt

Download: MAK-03-006.mk - MAK-03-006.sh

04 - Automatic variables
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MAK-04-001

Name the current target with $@

$@ expands to the target being built. One rule can report or create the selected output name.

Makefile Actual output

alpha.txt beta.txt: Captured run - exit 0

@printf "%s\n" "$@"
@printf "ready\n" > $@ beta.txt

Download: MAK-04-001.mk - MAK-04-001.sh
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MAK-04-002

Read the first prerequisite with $<

$< is the first prerequisite. Copying $< to $@ keeps this recipe independent of the actual names.

Makefile Actual output

copy.txt: source.txt Captured run - exit 0

@Qcp $< %@

source record

Download: MAK-04-002.mk - MAK-04-002.sh
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MAK-04-003

List unique prerequisites with $/

$~ contains prerequisite names with duplicates removed. A duplicate dependency still appears only once.

Makefile Actual output

all: alpha.txt beta.txt alpha.txt Captured run - exit 0

@printf "%s\n" "$r"
alpha.txt beta.txt

Download: MAK-04-003.mk - MAK-04-003.sh
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MAK-04-004

Keep duplicates with $+

$+ retains duplicates and their order. This is useful when repeated arguments matter, such as some linker command lines.

Makefile Actual output

all: alpha.txt beta.txt alpha.txt Captured run - exit 0

@printf "%s\n" "$+"
alpha.txt beta.txt alpha.txt

Download: MAK-04-004.mk - MAK-04-004.sh
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MAK-04-005

List newer prerequisites with $?

$? reports the prerequisites newer than the target. The script assigns fixed past timestamps so only changed.txt qualifies.

Makefile Actual output

report.txt: old.txt changed.txt Captured run - exit 0

@rintf "newer: %s\n" "$?"

@touch $@ newer: changed. txt

Download: MAK-04-005.mk - MAK-04-005.sh
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MAK-04-006

Separate normal and order-only inputs

$~ excludes order-only prerequisites; $| contains them. The build directory supplies ordering rather than content.

Makefile Actual output

build/report.txt: input.txt | build Captured run - exit 0

@printf "normal=%s order-only=%s\n" "$*" "$|"

@Qcp $< $@ normal=input.txt order-only=build
build:

@mkdir -p $@

Download: MAK-04-006.mk - MAK-04-006.sh

05 - Variables and expansion
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MAK-05-001

Define a reusable variable

Use $(NAME) to insert a Make variable. Single quotes in the recipe protect the expanded value as one shell argument.

Makefile Actual output

GREETING = Hello Captured run - exit O

all:
@printf "%s\n" "$(GREETING), reader" Hello, reader

Download: MAK-05-001.mk - MAK-05-001.sh
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MAK-05-002

Recursive assignment sees later values

= stores an expression that is expanded when used. Changing NAME after defining GREETING changes the eventual greeting.

Makefile Actual output
WIE o A Captured run - exit 0
GREETING = Hello $(NAME)

NAME = Grace Hello Grace

all:
@printf "%s\n" "$(GREETING)"

Download: MAK-05-002.mk - MAK-05-002.sh




MAK-05-003

Simple assignment captures the current value

:= expands its right-hand side immediately. GREETING therefore remembers Ada. Compare with MAK-05-002.

Makefile Actual output
WIE o A Captured run - exit 0
GREETING := Hello $(NAME)

NAME = Grace Hello Ada

all:
@printf "%s\n" "$(GREETING)"

Download: MAK-05-003.mk - MAK-05-003.sh




MAK-05-004

Provide a default with ?=

?= assigns a value only when the variable is undefined. A command-line value takes precedence over this default.

Makefile Actual output

MODE ?= release Captured run - exit O

all:
@printf "%s\n" "$(MODE)" release

debug

Download: MAK-05-004.mk - MAK-05-004.sh
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MAK-05-005

Append with +=

+= adds words to an existing variable. This is convenient for assembling option lists or target sets.

Makefile Actual output

WORDS := small Captured run - exit O

WORDS +

WORDS += examples small complete examples
all:

complete

@printf "%s\n" "$(WORDS)"

Download: MAK-05-005.mk - MAK-05-005.sh




MAK-05-006

Override from the command line

A command-line assignment beats an ordinary assignment in the Makefile. Run: make all NAME=Grace.

Makefile Actual output

NAME = Ada Captured run - exit 0

all:
@printf "Hello %s\n" "$(NAME)" Hello Grace

Download: MAK-05-006.mk - MAK-05-006.sh

06 - Variable scope and conditionals
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MAK-06-001

Inspect the origin of a value

$(origin NAME) explains where NAME came from. This helps distinguish a Makefile value from a command-line override.

Makefile Actual output

NAME = Ada Captured run - exit 0

all:
@rintf "%s: %s\n" "$(origin NAME)" "$(NAME)" file: Ada

command line: Grace

Download: MAK-06-001.mk - MAK-06-001.sh
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MAK-06-002

An empty value is still defined

A command-line empty string counts as defined, so ?= does not replace it. This differs from a shell fallback that tests for nonempty text.

Makefile Actual output

NAME 7= Ada Captured run - exit 0

all:
@printf "[%sI\n" "$(NAME)" []

Download: MAK-06-002.mk - MAK-06-002.sh
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MAK-06-003

Export a value to the recipe shell

Exported Make variables become shell environment variables. Double dollars pass the dollar sign through Make to the shell.

Makefile Actual output

export LABEL = published Captured run - exit 0

all:
@printf "%s\n" "$$LABEL" published

Download: MAK-06-003.mk - MAK-06-003.sh
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MAK-06-004

Use a target-specific value

A target-specific assignment applies when that target is built and is inherited by its prerequisites unless overridden.

Makefile Actual output

b 005 o b Captured run - exit 0

release: MODE = release
debug release:
@printf "%s: %s\n" "$@" "$(MODE)"

debug: debug
release: release

Download: MAK-06-004.mk - MAK-06-004.sh




MAK-06-005

Choose rules at parse time with ifeq

ifeq is processed while Make reads the file. It chooses the recipe text before any target is executed.

Makefile

MODE ?= release
ifeq ($(MODE),debug)
MESSAGE := extra diagnostics
else
MESSAGE := compact output
endif
all:
@printf "%s\n" "$(MESSAGE)"

Download: MAK-06-005.mk - MAK-06-005.sh

Actual output

Captured run - exit 0

compact output
extra diagnostics
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MAK-06-006

Deliberately override a command-line value

The override directive gives this assignment precedence over a command-line assignment. Use it only for values the Makefile really must control.

Makefile Actual output

override MODE := required Captured run - exit 0

all:

@printf "%s\n" "$(MODE)" required

Download: MAK-06-006.mk - MAK-06-006.sh

07 - Pattern rules and file discovery
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MAK-07-001

Capture the stem with $*

% matches a stem shared by the target and prerequisite. $* contains that stem while the recipe runs.

Makefile Actual output

%.out: %.in Captured run - exit 0

@printf "stem=%s\n" "$x*"
@Qcp $< $@ stem=sample

Download: MAK-07-001.mk - MAK-07-001.sh
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MAK-07-002

Reuse one transformation rule

Both files follow the same pattern rule. tr uppercases their complete input. $< and $@ identify the current pair.

Makefile Actual output

all: alpha.upper beta.upper Captured run - exit 0

%.upper: %.txt
@tr "[:lower:]" "[:upper:]1" < $< > 3@ ADA

GRACE

Download: MAK-07-002.mk - MAK-07-002.sh
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MAK-07-003

Limit a static pattern to selected targets

A static pattern rule applies to the explicit target list before the second colon. It is more selective than a general implicit rule.

Makefile Actual output

OUTPUTS := alpha.out beta.out Captured run - exit 0

all: $(OUTPUTS)
$(OUTPUTS): %.out: %.in e
Qcp $< %@ two

Download: MAK-07-003.mk - MAK-07-003.sh
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MAK-07-004

An explicit recipe wins

An explicit recipe for special.out takes precedence over the generic pattern recipe for that target.

Makefile

%.out: %.in
@Qcp $< %@
special.out: special.in
@printf "special handling\n" > $@

Download: MAK-07-004.mk - MAK-07-004.sh

Actual output

Captured run - exit 0

special handling
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MAK-07-005

Search for inputs with vpath

vpath supplies a search directory for matching prerequisites. $< resolves to the discovered path, so the recipe reads the correct file.

Makefile Actual output

vpath %.txt data Captured run - exit 0

copy.txt: input.txt
@printf "input=%s\n" "$<" input=data/input.txt
Qcp $< %@ found record

Download: MAK-07-005.mk - MAK-07-005.sh




MAK-07-006

Set a pattern-specific value

A pattern-specific assignment supplies a value to all matching targets. Other target patterns can use a different value.

Makefile Actual output

) e = e Captured run - exit 0

%.release: MODE = release

app.debug app.release: app.debug: debug
@rintf "%s: %s\n" "$@" "$(MODE)" app.release: release

Download: MAK-07-006.mk - MAK-07-006.sh

08 - Functions for lists and paths
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MAK-08-001

Discover existing files with wildcard

$(wildcard ...) returns matching existing filenames. The script creates alpha.txt and beta.txt before Make reads the expression.

Makefile Actual output

FILES := $(wildcard *.txt) Captured run - exit 0

all:
@printf "%s\n" "$(FILES)" alpha.txt beta.txt

Download: MAK-08-001.mk - MAK-08-001.sh
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MAK-08-002

Transform filenames with patsubst

patsubst substitutes matching word patterns. Here source names become output names without executing a shell.

Makefile
SOURCES := alpha.txt beta.txt
OUTPUTS := $(patsubst %.txt,build/%.out,$(SOURCES))
all:

@printf "%s\n" "$(OUTPUTS)"

Download: MAK-08-002.mk - MAK-08-002.sh

Actual output

Captured run - exit 0

build/alpha.out build/beta.out
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MAK-08-003

Filter a list by suffix

filter keeps matching words; filter-out keeps the remainder. Both operate on whitespace-separated lists.

Makefile Actual output

FILES := notes.org data.tsv plot.gp Captured run - exit 0

all:
@rintf "data: %s\n" "$(filter %.tsv,$(FILES))" data: data.tsv
@printf "other: %s\n" "$(filter-out %.tsv,$(FILES))" other: notes.org plot.gp

Download: MAK-08-003.mk - MAK-08-003.sh
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MAK-08-004

Sort and remove duplicates

sort orders words and removes duplicates. It is suitable for a unique dependency list, but not for arguments where repetitions matter.

Makefile Actual output

FILES := beta.txt alpha.txt beta.txt Captured run - exit 0

all:
@rintf "%s\n" "$(sort $(FILES))" alpha.txt beta.txt

Download: MAK-08-004.mk - MAK-08-004.sh
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MAK-08-005

Build a list with foreach

foreach evaluates the expression once for each list item. addprefix supplies the corresponding directory prefixes.

Makefile Actual output

NAMES := alpha beta Captured run - exit O

OUTPUTS := $(foreach name,$(NAMES), $(addprefix build/,$(name)).out)

all: build/alpha.out build/beta.out
@printf "%s\n" "$(OUTPUTS)"

Download: MAK-08-005.mk - MAK-08-005.sh
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MAK-08-006

Capture a shell result once

$(shell ...) captures command output as a Make value. := evaluates this local command once as the file is read; repeated variable references reuse
the value.
Makefile Actual output

VALUE := $(shell printf "computed") Captured run - exit 0

all:
@printf "%s / %s\n" "$(VALUE)" "$(VALUE)" computed / computed

Download: MAK-08-006.mk - MAK-08-006.sh

09 - The recipe shell



MAK-09-001

Escape a shell variable with $$

Make consumes one dollar sign. $$name reaches the shell as $name, while $(name) would refer to a Make variable.

Makefile Actual output

ailile Captured run - exit 0

@name=Ada; printf "%s\n" "$$name"

Ada

Download: MAK-09-001.mk - MAK-09-001.sh
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MAK-09-002

Separate recipe lines use separate shells

A shell variable set on the first recipe line is absent on the next. ${value-unset} gives the shell a visible default.

Makefile Actual output

ailile Captured run - exit 0

@value=kept
@rintf "[%s1\n" "$${value-unset}" [unset]

Download: MAK-09-002.mk - MAK-09-002.sh
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MAK-09-003

Join commands that share state

Join commands with && to keep a directory change and its dependent command in the same shell. Each example starts in its own temporary
directory.

Makefile Actual output

all: Captured run - exit 0

@mkdir -p sub
@cd sub && printf "inside sub\n" > result.txt inside sub
@cat sub/result.txt

Download: MAK-09-003.mk - MAK-09-003.sh
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MAK-09-004

Use one shell for a complete recipe

.ONESHELL passes all recipe lines to one shell. Explicit -eu flags make an unset variable or a failed command stop the recipe.

Makefile Actual output
ONESHELL - Captured run - exit 0
SHELL := /bin/sh
.SHELLFLAGS := -eu -c kept
all:

@value=kept
printf "%s\n" "$$value"

Download: MAK-09-004.mk - MAK-09-004.sh




MAK-09-005

Choose a visible recipe prefix

.RECIPEPREFIX changes the recipe introducer from a tab to the first character of its value. The > prefix makes indentation visible.

Makefile Actual output

RECIPEPREFIX := > Captured run - exit 0

all:

>@rintf "visible prefix\n" visible prefix

Download: MAK-09-005.mk - MAK-09-005.sh




MAK-09-006

Write a shell loop

The backslash continues the logical recipe line. $$item belongs to the shell loop, while Make processes the surrounding recipe first.

Makefile Actual output

ailile Captured run - exit 0

@for item in alpha beta; do \
printf "%s\n" "$$item"; \ alpha

done beta

Download: MAK-09-006.mk - MAK-09-006.sh

10 - Includes and recursive Make
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MAK-10-001

Include a small configuration file

include reads another makefile at this point. options.mk contains MODE = debug; the main file uses that setting.

Makefile Actual output

include options.mk Captured run - exit 0

all:

@printf "%s\n" "$(MODE)" debug

Download: MAK-10-001.mk - MAK-10-001.sh
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MAK-10-002

Allow an optional include

-include permits a missing optional file. The default remains available when local.mk has not been created.

Makefile Actual output

~fineluile leesil ok Captured run - exit 0

MODE ?= release

all: release
@printf "%s\n" "$(MODE)"

Download: MAK-10-002.mk - MAK-10-002.sh
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MAK-10-003

Generate an included makefile

Make can build a missing included file, then restart reading its configuration. The generated file defines MODE

rule becoming the default.

Makefile

.DEFAULT_GOAL := all
include options.mk
options.mk:
@printf "writing options\n"
@printf "MODE = generated\n" > $@
all:
@printf "%s\n" "$(MODE)"

Download: MAK-10-003.mk - MAK-10-003.sh

Actual output

Captured run - exit 0

writing options
generated

. .DEFAULT_GOAL prevents the helper
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MAK-10-004

Read several files with -f

Repeated -f options read makefiles in order. extra.mk appends a word to the list defined in the displayed base.mk.

Makefile Actual output

WORDS := base Captured run - exit O

all:
@printf "%s\n" "$(WORDS)" base extra

Download: MAK-10-004.mk - MAK-10-004.sh
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MAK-10-005

Delegate with $(MAKE)

$(MAKE) selects the same executable and marks a recursive invocation for Make. -C enters the child directory; the helper suppresses directory-
announcement lines.

Makefile Actual output
[ Captured run - exit 0
all:

@$(MAKE) -s -C child all child built

Download: MAK-10-005.mk - MAK-10-005.sh




MAK-10-006

Forward a command-line variable

Command-line assignments propagate to a recursive Make through its flags. The child Makefile uses a default that the parent invocation overrides.

Makefile Actual output

_PHONY: all Captured run - exit 0

all:

@$(MAKE) -s -C child all child sees Grace

Download: MAK-10-006.mk - MAK-10-006.sh

11 - Parallel builds



MAK-11-001

Build independent outputs concurrently

-j2 permits two recipes at once. Each writes its own file; the final cat uses a fixed order, independent of job scheduling.

Makefile Actual output

all: alpha.txt beta.txt Captured run - exit 0

alpha.txt beta.txt:
@rintf "%s\n" "$@" > $@ alpha.txt

beta.txt

Download: MAK-11-001.mk - MAK-11-001.sh
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MAK-11-002

Dependencies enforce order under -j

Both outputs require prepared.txt. Their recipes cannot start before its recipe finishes, even with parallel execution enabled.

Makefile

all: alpha.txt beta.txt
alpha.txt beta.txt: prepared.txt
@test -s prepared. txt
@cp prepared.txt $@
prepared. txt:
@printf "prepared\n" > $@

Download: MAK-11-002.mk

- MAK-11-002.sh

Actual output

Captured run - exit 0

prepared
prepared
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MAK-11-003

Group output per target

--output-sync=target keeps each recipe output together. The order of the left and right blocks may vary; both complete orders are accepted.

Makefile Actual output

all: left right Captured run - exit 0

.PHONY: all left right
left right: left begin
@printf "%s begin\n" "$@" left end

@printf "%s end\n" "$@" right begin

right end

Download: MAK-11-003.mk - MAK-11-003.sh
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MAK-11-004

Use one job for serial output

-j1 requests one job at a time. With this prerequisite list, the two command goals finish in left-to-right order.

Makefile Actual output

_PHONY: all left right Captured run - exit 0

all: left right
left right: left
@rintf "%s\n" "$@" right

Download: MAK-11-004.mk - MAK-11-004.sh

68



MAK-11-005

Disable parallel execution for an invocation

An empty .NOTPARALLEL target serializes this Make invocation even when -j2 is supplied. Recursive invocations have their own parallel policy.

Makefile Actual output
NOTPARALLEL - Captured run - exit 0
.PHONY: all left right
all: left right left
left right: right

@printf "%s\n" "$@"

Download: MAK-11-005.mk - MAK-11-005.sh




MAK-11-006

Share jobs with recursive Make

Use $(MAKE) for recursion so the child participates in the jobserver. Avoid adding an independent -j value to every child. Each module writes its own

output.

Makefile Actual output

.PHONY: all alpha beta Captured run - exit 0

all: alpha beta
alpha beta: alpha
@$(MAKE) -s -C $@ all beta

Download: MAK-11-006.mk - MAK-11-006.sh

12 - Inspect and diagnose a build
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MAK-12-001

Preview an ordinary recipe with -n

-n prints this ordinary recipe without running it. The follow-up test confirms that result.txt was not created. Recursive $(MAKE), + recipes and

makefile remakes have special dry-run behavior.

Makefile

result.txt:
@printf "generated\n" > result.txt

Download: MAK-12-001.mk - MAK-12-001.sh

Actual output

Captured run - exit 0

printf "generated\n" > result.txt
file remains absent
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MAK-12-002

Ask whether an output is current

-g runs no ordinary recipe: exit 0 means current, 1 means a rebuild is needed, and 2 means an error. The script distinguishes these statuses rather
than treating every failure as stale.

Makefile Actual output

result.txt: input.txt Captured run - exit 0

@cp $< @
needs rebuild
current

Download: MAK-12-002.mk - MAK-12-002.sh
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MAK-12-003

Trace why a recipe runs

--trace reports the rule and the prerequisite that prompted rebuilding. The script replaces the numeric line location with LINE for a stable transcript.

Makefile Actual output

copy.txt: source.txt Captured run - exit 0

@cp source.txt copy.txt
Makefile:LINE: update target 'copy.txt' due to: source.txt
cp source.txt copy.txt

Download: MAK-12-003.mk - MAK-12-003.sh
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MAK-12-004

Print a parse-time diagnostic

$(info ...) writes a message as the file is read. This precedes the target recipe and helps inspect an expanded variable.

Makefile Actual output
Ve i e Captured run - exit 0
$(info reading MODE=$(MODE))
all: reading MODE=debug

@rintf "running target\n" running target

Download: MAK-12-004.mk - MAK-12-004.sh




MAK-12-005

Reject an invalid configuration

This is an intentional error. $(error ...) stops reading the file before the recipe can run; Make returns status 2. The captured standard error explains

the missing setting.

Makefile

ifeq ($(strip $CINPUT)),)
$(error INPUT is required)
endif
all:

@printf "would run\n"

Download: MAK-12-005.mk - MAK-12-005.sh

Actual output

Captured run - exit 2

(no stdout)

Standard error

Makefile:2: #** INPUT is required.

Stop.
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MAK-12-006

Diagnose spaces where a tab is required

This is an intentional syntax error: the recipe begins with four spaces. Make reports missing separator and exits 2. Compare with MAK-01-001 or
the visible prefix in MAK-09-005.

Makefile Actual output

all: Captured run - exit 2

printf "bad indentation\n"

(no stdout)

Standard error

Makefile:2: *** missing separator. Stop.

Download: MAK-12-006.mk - MAK-12-006.sh

13 - Reliable outputs and a complete workflow



MAK-13-001

Delete a target when its recipe fails

.DELETE_ON_ERROR removes an output modified by a failed recipe. The script verifies that the incomplete file is gone; this expected failure is
caught explicitly.

Makefile Actual output

_DELETE_ON_ERROR: Captured run - exit 0

report. txt:

@printf "incomplete\n" > $@ partial output removed
@false

Download: MAK-13-001.mk - MAK-13-001.sh




MAK-13-002

Publish an output with an atomic rename

Write to a temporary sibling first, then rename it only after success. A simulated failure before mv preserves the previously complete report.

Makefile

.PHONY: all broken
all: report.txt
report.txt: input.txt
@Qcp $< $@.tmp && mv $@.tmp $@
broken:
@printf "partial\n" > report.txt.tmp; false

Download: MAK-13-002.mk - MAK-13-002.sh

Actual output

Captured run - exit 0

complete record
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MAK-13-003

Declare outputs produced together

&: is a grouped-target rule, available in GNU Make 4.3 and later. One invocation creates both files. Asking for both with -j2 must still run the recipe

only once.

Makefile

all: summary.txt count.txt
summary.txt count.txt &: input.txt
@printf "one grouped recipe\n"
@cp input.txt summary.txt
@wc -1 < input.txt | tr -d " " > count.txt

Download: MAK-13-003.mk - MAK-13-003.sh

Actual output

Captured run - exit 0

one grouped recipe
Ada

Grace

2
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MAK-13-004

Connect data, AWK, gnuplot and HTML

A complete dependency graph aggregates three input records, plots the totals and writes a linked HTML report. data.tsv contains books 4, pens 2
and books 3. The full runnable example includes plot.gp. Run: make report.html.

Makefile Actual output

_DEFAULT_GOAL := report.html Captured run - exit 0

totals.tsv: data.tsv

@printf "aggregate data\n" aggregate data
@awk '{sum[$$11+=$$2} END {for (key in sum) print key, sum[keyl}' $< | sort > draw chart
$e publish report
chart.svg: totals.tsv plot.gp books 7
@rintf "draw chart\n" pens 2
@gnuplot plot.gp HTML and SVG ready

report.html: chart.svg

@printf "publish report\n"

@rintf '<!doctype html><title>Make report</title><h1>Totals</h1><img
src="chart.svg" alt="Totals by category">\n' > $@

Download: MAK-13-004.mk - MAK-13-004.sh
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MAK-13-005

Rebuild only a changed downstream branch

Changing plot.gp requires a new chart and HTML report, while totals.tsv remains current. Fixed past timestamps make the dependency test
repeatable without sleeping.

Makefile Actual output

_DEFAULT_GOAL := report.html Captured run - exit 0

totals.tsv: data.tsv

@printf "aggregate data\n" aggregate data
@awk '{sum[$$11+=$$23 END {for (key in sum) print key, sum[keyl}' $< | sort > draw chart
$e publish report
chart.svg: totals.tsv plot.gp change only plotting settings
@rintf "draw chart\n" draw chart
@gnuplot plot.gp publish report

report.html: chart.svg

@printf "publish report\n"

@rintf '<!doctype html><title>Make report</title><h1>Totals</h1><img
src="chart.svg" alt="Totals by category">\n' > $@

Download: MAK-13-005.mk - MAK-13-005.sh
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MAK-13-006

Stage and package a local website

Stage only public HTML and SVG files, then archive that directory. This example performs no network deployment. Keep actual SSH uploads as a
separate, explicit action.

Makefile Actual output

_DEFAULT_GOAL := report.html Captured run - exit 0

totals.tsv: data.tsv

@printf "aggregate data\n" aggregate data
@awk '{sum[$$11+=$$2} END {for (key in sum) print key, sumlkeyl}' $< | sort > draw chart
$e publish report
chart.svg: totals.tsv plot.gp public/chart.svg
@rintf "draw chart\n" public/index.html
@gnuplot plot.gp website.tar.gz ready

report.html: chart.svg

@printf "publish report\n"

@rintf '<!doctype html><title>Make report</title><h1>Totals</h1><img
src="chart.svg" alt="Totals by category">\n' > $@

.PHONY: stage package
stage: report.html
@mkdir -p public
@cp report.html public/index.html
@cp chart.svg public/chart.svg
package: stage
@tar -czf website.tar.gz -C public .

Download: MAK-13-006.mk - MAK-13-006.sh

14 - LaTeX documents, references and generated figures
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MAK-14-001

Build a PDF with latexmk

Make coordinates the project; latexmk runs the TeX passes needed for a stable PDF. The real target is build/main.pdf, with build as an order-only
prerequisite. The recipe keeps auxiliary files and compiler diagnostics in build/. .DELETE_ON_ERROR removes a file target modified by a failed
recipe. If compilation fails, it prints the saved log and returns failure. The driver checks the actual PDF text. Run: make all. The -norc flag makes
this demonstration independent of personal latexmk settings.

Makefile Actual output

LATEXMK 2= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape

FLAGS += -interaction=nonstopmode -halt-on-error compile main.tex

.DELETE_ON_ERROR: PDF text verified; second build is current
.DEFAULT_GOAL := all

.PHONY: all

all: build/main.pdf
build/main.pdf: main.tex | build
@printf "compile main.tex\n"
@$(LATEXMK) $(FLAGS) -outdir=build $< > build/latexmk.log 2>&1 || \
{ cat build/latexmk.log >&2; exit 1; }
build:
@mkdir -p $@

Download: MAK-14-001.mk - MAK-14-001.sh
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MAK-14-002

Rebuild after editing an included chapter

A file target needs every relevant input in its prerequisites, including included chapters and custom .cls/.sty files. This small project lists sections/
*.tex explicitly with wildcard. The driver changes the chapter text, assigns controlled past timestamps and verifies that the new text reaches the
PDF. Wildcard covers existing files in this directory; it does not discover arbitrary nested inputs. See MAK-14-003 for delegation to latexmk.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape

FLAGS += -interaction=nonstopmode -halt-on-error compile document and chapters
.DELETE_ON_ERROR: compile document and chapters
.DEFAULT_GOAL := all edited chapter appears in the PDF
CHAPTERS := $(wildcard sections/*.tex)

.PHONY: all

all: build/main.pdf
build/main.pdf: main.tex $(CHAPTERS) | build
@printf "compile document and chapters\n"
@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
{ cat build/latexmk.log >&2; exit 1; }
build:
@mkdir -p $@

Download: MAK-14-002.mk - MAK-14-002.sh




MAK-14-003

Let latexmk discover inputs; preview a watch command

The pdf goal is phony, so Make always asks latexmk to inspect the document. Latexmk tracks inputs and reruns TeX only when needed; the driver
verifies an unchanged TeX log on the second invocation, then changes an included chapter. This avoids maintaining a second list of nested TeX
inputs. Declare generated figures or tables as pdf prerequisites so Make creates them first. The watch goal uses -pvc for continuous preview. Only
make -n watch is exercised here: run make watch interactively and stop it with Ctrl-C. A latexmk watcher does not itself invoke unrelated Make
rules when their source data changes.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit O

FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error unchanged input: TeX engine skipped
-DELETE_ON_ERROR: changed input: PDF updated

.DEFAULT_GOAL := pdf
.PHONY: pdf watch
pdf: | build
@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
{ cat build/latexmk.log >&2; exit 1; }
watch: | build
@$(LATEXMK) $(FLAGS) -outdir=build -pvc main.tex

watch command checked without starting a watcher

build:
@mkdir -p $@

Download: MAK-14-003.mk - MAK-14-003.sh
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MAK-14-004

Resolve a classic BibTeX bibliography

List the .bib database as a prerequisite and let latexmk choose the BibTeX and TeX passes. The sample cites a fictional book defined in
references.bib. The driver checks the .bbl, the final PDF text and the absence of unresolved citations in the final TeX log. When using a local .bst
file, add it to the prerequisites too. Run: make all.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error BibTeX bibliography resolved and PDF verified
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all
all: build/main.pdf
build/main.pdf: main.tex references.bib | build
@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
{ cat build/latexmk.log >&2; exit 1; }
build:
@mkdir -p $@

Download: MAK-14-004.mk - MAK-14-004.sh
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MAK-14-005

Use biblatex and Biber, then update a citation

With biblatex configured for backend=biber, latexmk detects and runs Biber automatically. Do not also run BibTeX on the same auxiliary data. The
driver builds a real citation, changes the database title and verifies the revised reference in the PDF. This example needs compatible biblatex and
Biber installations, normally supplied together by a TeX distribution. The bibliography entry is fictional.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape

FLAGS += -interaction=nonstopmode -halt-on-error Biber citation resolved
.DELETE_ON_ERROR: changed bibliography appears in the PDF
.DEFAULT_GOAL := all

.PHONY: all

all: build/main.pdf
build/main.pdf: main.tex references.bib | build
@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
{ cat build/latexmk.log >&2; exit 1; }
build:
@mkdir -p $@

Download: MAK-14-005.mk - MAK-14-005.sh
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MAK-14-006

Build a gnuplot figure before the document

Make owns the graph data.tsv -> figures/chart.pdf -> build/main.pdf. gnuplot uses the pdfcairo terminal; graphicx includes that generated PDF
without TeX shell escape. Both the data and plotting script are prerequisites of the figure. The driver changes one value and verifies that the figure
and document really rebuild. Keep generated figures as file targets so unchanged ones can be reused. Run: make all.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape

FLAGS += -interaction=nonstopmode -halt-on-error generate PDF figure
.DELETE_ON_ERROR: compile document with figure
.DEFAULT_GOAL := all generate PDF figure

.PHONY: all compile document with figure

all: build/main.pdf updated figure and document verified

figures/chart.pdf: data.tsv plot.gp | figures
@printf "generate PDF figure\n"
@gnuplot plot.gp
build/main.pdf: main.tex figures/chart.pdf | build
@printf "compile document with figure\n"
@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
{ cat build/latexmk.log >&2; exit 1; }
build figures:
@mkdir -p $@

Download: MAK-14-006.mk - MAK-14-006.sh




MAK-14-007

Generate a LaTeX table from data with AWK

A generated table is a normal prerequisite of the PDF. The AWK recipe emits rows for a tabular environment, writes a temporary sibling and
renames it on success. $$1 and $$2 survive Make expansion as AWK field references. This fixture accepts only plain alphabetic labels and integer
values; arbitrary text needs LaTeX escaping. The driver changes books from 4 to 7 and checks both the table source and PDF text.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape

FLAGS += -interaction=nonstopmode -halt-on-error generate table rows

.DELETE_ON_ERROR: compile document with table
.DEFAULT_GOAL := all generate table rows

.PHONY: all compile document with table

all: build/main.pdf edited data appears in the table and PDF

tables/rows.tex: data.tsv | tables

@printf "generate table rows\n"

@awk '{printf "%s & %d \\\\\n", $$1, $$2}' $< > $@.tmp && mv $@.tmp $@
build/main.pdf: main.tex tables/rows.tex | build

@printf "compile document with table\n"

@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \

{ cat build/latexmk.log >&2; exit 1; }

build tables:

@mkdir -p $@

Download: MAK-14-007.mk - MAK-14-007.sh
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MAK-14-008

Keep draft and final builds in separate directories

draft.tex defines DraftVersion and both wrappers input main.tex. The pattern rule uses the stem ($*) to choose a wrapper, a separate output
directory ($(@D)) for each variant, and jobname=main for a consistent PDF filename. Auxiliary state is never shared between draft and final. The
driver inspects both PDFs, then confirms that make -q all is current. Run: make draft, make final or make all.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error draft and final PDFs have independent auxiliary state
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all draft final
all: draft final
draft: build/draft/main.pdf
final: build/final/main.pdf
build/%/main.pdf: %.tex main.tex

@mkdir -p $(eD)

@$(LATEXMK) $(FLAGS) -outdir=$(@D) -jobname=main $*.tex > $(@D)/latexmk.log
2>&1 || \

{ cat $(@D)/latexmk.log >8&2; exit 1; }

Download: MAK-14-008.mk - MAK-14-008.sh
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MAK-14-009

Track project compiler settings and resolve references

Put project settings in a versioned latexmkrc and load it explicitly with -norc -r. List the settings file as a prerequisite so editing it schedules another
build. The Perl %0 and %S placeholders are latexmk command substitutions. This document contains a section reference; latexmk performs the
passes needed to resolve it. The driver checks the final PDF and rejects unresolved-reference warnings.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all
all: build/main.pdf
build/main.pdf: main.tex latexmkrc | build

@$(LATEXMK) -norc -r latexmkrc -pdf -outdir=build main.tex > build/
latexmk.log 2>&1 || \

{ cat build/latexmk.log >&2; exit 1; }

project settings loaded; section reference resolved

build:
@mkdir -p $@

Download: MAK-14-009.mk - MAK-14-009.sh
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MAK-14-010

Build independent documents in parallel

Each document gets its own directory and log, so make -j2 can build both without colliding auxiliary filenames. The list functions produce build/
article/main.pdf and build/notes/main.pdf; the pattern rule chooses article.tex or notes.tex using $*. Shared generated assets must be declared as
prerequisites before adding them. The driver verifies both PDFs and reports a fixed result after both jobs finish.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error two independent PDFs built with -j2
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
DOCS := article notes
PDFS := $(addsuffix /main.pdf,$(addprefix build/,$(DOCS)))
.PHONY: all
all: $(PDFS)
build/%/main.pdf: %.tex
@mkdir -p $(eD)
@$(LATEXMK) $(FLAGS) -outdir=$(@D) -jobname=main $< > $(@D)/latexmk.log 2>&1

{ cat $(@D)/latexmk.log >8&2; exit 1; }

Download: MAK-14-010.mk - MAK-14-010.sh
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MAK-14-011

Clean auxiliaries while keeping the PDF

latexmk -c removes regenerable auxiliary files while keeping the final PDF. This project puts all generated document files in build/, so distclean can
remove that owned directory. Neither goal deletes main.tex or source figures. The driver checks that clean keeps the PDF, distclean removes build/
and a subsequent build works. Do not place authoritative source files in the disposable build directory.

Makefile Actual output

LATEXMK ?= latexmk Captured run - exit 0

FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error clean: PDF and source retained
.DELETE_ON_ERROR: distclean: generated directory removed, source retained

.DEFAULT_GOAL := all
.PHONY: all clean distclean
all: build/main.pdf
build/main.pdf: main.tex | build
@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
{ cat build/latexmk.log >&2; exit 1; }

document rebuilt after cleanup

build:
@mkdir -p $@
clean:
@$(LATEXMK) -norc -c -outdir=build main.tex > cleanup.log 2>&1 || \
{ cat cleanup.log >&2; exit 1; }
distclean: clean
@rm -rf -- build

Download: MAK-14-011.mk - MAK-14-011.sh
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MAK-14-012

Package sources and verify a fresh rebuild

Archive the Makefile, document, included chapter and compiler settings explicitly. The package goal first verifies the local PDF build; auxiliary caches

and local output directories are excluded from the source archive. The driver unpacks into another fresh directory and builds there with make -C,
checking the resulting PDF text. Add real bibliography, class/style and figure inputs to the archive list when needed. This is a source package for
collaborators with the documented tools installed, not a claim of byte-identical PDFs across TeX distributions.

Makefile Actual output

LATEXMK 2= latexmk Captured run - exit 0

.DELETE_ON_ERROR:

.DEFAULT_GOAL := all Makefile

SOURCES := Makefile main.tex sections/intro.tex latexmkrc main.tex

.PHONY: all package sections/intro. tex

all: build/main.pdf latexmkrc

build/main.pdf: main.tex sections/intro.tex latexmkrc | build unpacked sources build a verified PDF

@$(LATEXMK) -norc -r latexmkrc -pdf -outdir=build main.tex > build/

latexmk.log 2>&1 || \
{ cat build/latexmk.log >&2; exit 1; }

build dist:

@mkdir -p $@
package: dist/paper-source.tar.gz
dist/paper-source.tar.gz: $(SOURCES) build/main.pdf | dist

@tar -czf $@ $(SOURCES)

Download: MAK-14-012.mk - MAK-14-012.sh
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Example and command index

e MAK-01-001 - A target and its recipe

e MAK-01-002 - Silence recipe echo with @

e MAK-01-003 - Choose the default goal

e MAK-01-004 - Request a named target

e MAK-01-005 - Request two goals
e MAK-01-006 - Use another makefile name

e MAK-02-001 - Create a missing output

e MAK-02-002 - Skip an up-to-date output

e MAK-02-003 - Rebuild after a newer prerequisite
e MAK-02-004 - Content changes are not enough

e MAK-02-005 - Build a dependency chain

e MAK-02-006 - Share one prerequisite

e MAK-03-001 - A filename can hide a command goal

e MAK-03-002 - Declare a command goal phony

e MAK-03-003 - Provide an aggregate all goal

e MAK-03-004 - Create an output directory first

e MAK-03-005 - Directory changes do not rebuild outputs
e MAK-03-006 - A local clean goal

o MAK-04-001 - Name the current target with $@

e MAK-04-002 - Read the first prerequisite with $<
e MAK-04-003 - List unique prerequisites with $
o MAK-04-004 - Keep duplicates with $+

e MAK-04-005 - List newer prerequisites with $?

e MAK-04-006 - Separate normal and order-only inputs

e MAK-05-001 - Define a reusable variable

e MAK-05-002 - Recursive assignment sees later values

e MAK-05-003 - Simple assignment captures the current value
e MAK-05-004 - Provide a default with ?=

e MAK-05-005 - Append with +=

e MAK-05-006 - Override from the command line

e MAK-06-001 - Inspect the origin of a value
e MAK-06-002 - An empty value is still defined
e MAK-06-003 - Export a value to the recipe shell

e MAK-06-004 - Use a target-specific value

e MAK-06-005 - Choose rules at parse time with ifeq

e MAK-06-006 - Deliberately override a command-line value

e MAK-07-001 - Capture the stem with $*

e MAK-07-002 - Reuse one transformation rule

e MAK-07-003 - Limit a static pattern to selected targets
e MAK-07-004 - An explicit recipe wins

e MAK-07-005 - Search for inputs with vpath

e MAK-07-006 - Set a pattern-specific value
e MAK-08-001 - Discover existing files with wildcard

e MAK-08-002 - Transform filenames with patsubst
e MAK-08-003 - Filter a list by suffix

e MAK-08-004 - Sort and remove duplicates
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e MAK-08-005 - Build a list with foreach e MAK-12-003 - Trace why a recipe runs

e MAK-08-006 - Capture a shell result once e MAK-12-004 - Print a parse-time diagnostic

e MAK-09-001 - Escape a shell variable with $$ e MAK-12-005 - Reject an invalid configuration

e MAK-09-002 - Separate recipe lines use separate shells e MAK-12-006 - Diagnose spaces where a tab is required

e MAK-09-003 - Join commands that share state e MAK-13-001 - Delete a target when its recipe fails

e MAK-09-004 - Use one shell for a complete recipe e MAK-13-002 - Publish an output with an atomic rename

e MAK-09-005 - Choose a visible recipe prefix e MAK-13-003 - Declare outputs produced together

e MAK-09-006 - Write a shell loop e MAK-13-004 - Connect data, AWK, gnuplot and HTML

e MAK-10-001 - Include a small configuration file e MAK-13-005 - Rebuild only a changed downstream branch

e MAK-10-002 - Allow an optional include e MAK-13-006 - Stage and package a local website

e MAK-10-003 - Generate an included makefile e MAK-14-001 - Build a PDF with latexmk

e MAK-10-004 - Read several files with -f e MAK-14-002 - Rebuild after editing an included chapter

e MAK-10-005 - Delegate with $(MAKE) e MAK-14-003 - Let latexmk discover inputs; preview a watch command
e MAK-10-006 - Forward a command-line variable e MAK-14-004 - Resolve a classic BibTeX bibliography

e MAK-11-001 - Build independent outputs concurrently e MAK-14-005 - Use biblatex and Biber, then update a citation

e MAK-11-002 - Dependencies enforce order under -j e MAK-14-006 - Build a gnuplot figure before the document

e MAK-11-003 - Group output per target e MAK-14-007 - Generate a LaTeX table from data with AWK

e MAK-11-004 - Use one job for serial output e MAK-14-008 - Keep draft and final builds in separate directories
e MAK-11-005 - Disable parallel execution for an invocation e MAK-14-009 - Track project compiler settings and resolve references
e MAK-11-006 - Share jobs with recursive Make e MAK-14-010 - Build independent documents in parallel

e MAK-12-001 - Preview an ordinary recipe with -n e MAK-14-011 - Clean auxiliaries while keeping the PDF

e MAK-12-002 - Ask whether an output is current e MAK-14-012 - Package sources and verify a fresh rebuild
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#+TITLE: GNU Make, one change at a time
#+LANGUAGE: en
#+OPTIONS: toc:2

* A visual reference
:PROPERTIES:
:CUSTOM_ID: MAK-00-001
:GUIDE_ROLE: cover
:END:
From a first rule to reliable builds, LaTeX documents and publishing workflows.
Complete source. A small change. Its actual result.

The Org file is the canonical source. Read the HTML guide beside your work,
or download its PDF and source for offline reading.

#+begin_last-changes
*Last changes: 2026-10-11.* Unified tour–chapter–example IDs, numbered chapter anchors and updated direct links, downloads and comparisons. Manual references now use descriptive links. Reader pages now omit publishing instructions and highlight PDF downloads.
#+end_last-changes

* Reading the tour
:PROPERTIES:
:CUSTOM_ID: MAK-00-002
:GUIDE_ROLE: reading
:GUIDE_TITLE: Three ways to see a change
:END:
#+begin_flow
#+begin_way
*Makefile*

Read the exact Makefile used by the example, including targets, prerequisites and recipes.
#+end_way

#+begin_way
*Build result*

Compare captured output and exit status with the files and commands declared by the rule.
#+end_way

#+begin_way
*Complete workflow*

Expand the runnable reproducer or download its script to recreate all local inputs.
#+end_way
#+end_flow

The primary panel shows the exact Makefile used by the runnable example.
Expand Complete runnable example for setup files, invocation and checks,
or download its =.mk= and =.sh= files. The PDF keeps the Makefile and output
together; its downloads and attached Org source provide the full reproducer.
The LaTeX section covers documents, bibliography tools, generated figures,
draft/final builds, cleanup and a source package that rebuilds successfully.

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 use this tour
Learn GNU Make through 90 complete examples in 14 topics. Read the Makefile,
then compare the captured output. Every example has a MAK identifier, a direct
URL anchor and a Copy link button in the HTML guide. Tabs introduce ordinary
recipes; the visible-prefix example shows an alternative.

Requirements: GNU Make 4.3 or newer, Bash, and common Unix tools. The final three
workflow examples also use AWK and gnuplot. The LaTeX section requires
latexmk, pdfLaTeX, BibTeX, Biber with biblatex, and pdftotext. On macOS, /usr/bin/make is often
GNU Make 3.81; install a current GNU Make with brew install make and use gmake.
The runnable examples prefer gmake when it exists and otherwise use make.

Each example writes to its own newly created temporary directory. The directory
is removed on exit. To retain its artifacts when running a downloaded script,
use KEEP_WORK=1 bash MAK-13-004.sh. These are original examples, not extracts from
the GNU manual. Content is CC0; the tour structure is CC BY 4.0.

The primary panel shows the exact Makefile used by the runnable example.
Expand Complete runnable example for setup files, invocation and follow-up
checks, or download its .sh file. The PDF keeps the Makefile and output together;
its download links and attached Org source provide the complete reproducer.
Parallel recipe output ordering may vary; MAK-11-003 accepts both complete block
orders rather than pretending the scheduler has a fixed order.

* Concepts to keep in mind
Make first reads and expands its configuration, then walks the dependency graph.
A real file target is stale when missing or older than a normal prerequisite.
A phony goal names an action. Order-only prerequisites establish ordering
without making timestamp changes propagate. A recipe usually uses one shell
per logical line. Make variables and shell variables have different expansion
rules. Declare real dependencies before enabling parallel execution.

Read the [[https://www.gnu.org/software/make/manual/][GNU Make manual]] for the complete reference.

Selected manual sections:

- [[https://www.gnu.org/software/make/manual/html_node/Rule-Syntax.html][Rule syntax]]
- [[https://www.gnu.org/software/make/manual/html_node/Prerequisite-Types.html][Normal and order-only prerequisites]]
- [[https://www.gnu.org/software/make/manual/html_node/Flavors.html][Variable flavors]]
- [[https://www.gnu.org/software/make/manual/html_node/Automatic-Variables.html][Automatic variables]]
- [[https://www.gnu.org/software/make/manual/html_node/Parallel.html][Parallel execution]]
- [[https://www.gnu.org/software/make/manual/html_node/Multiple-Targets.html][Rules with multiple targets]]

* 01 - Read and run a rule
:PROPERTIES:
:CUSTOM_ID: MAK-01-000
:CHAPTER: 01
:END:
** MAK-01-001 | A target and its recipe
:PROPERTIES:
:CUSTOM_ID: MAK-01-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-01-001-makefile
:END:

A rule names a target before the colon. The following tab-indented recipe runs when that target is requested. Run: make hello.

#+name: MAK-01-001-makefile
#+begin_src makefile :tangle generated/MAK-01-001.mk :mkdirp yes
hello:
	printf "%s\n" "Hello from Make"
#+end_src

#+name: MAK-01-001
#+begin_src bash :noweb yes :tangle generated/MAK-01-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-01-001-makefile>>
MAKEFILE
m hello
#+end_src

** MAK-01-002 | Silence recipe echo with @
:PROPERTIES:
:CUSTOM_ID: MAK-01-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-01-002-makefile
:END:

Add @ to hide the recipe command while retaining its output. Compare with MAK-01-001. Run: make hello.

#+name: MAK-01-002-makefile
#+begin_src makefile :tangle generated/MAK-01-002.mk :mkdirp yes
hello:
	@printf "%s\n" "Hello from Make"
#+end_src

#+name: MAK-01-002
#+begin_src bash :noweb yes :tangle generated/MAK-01-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-01-002-makefile>>
MAKEFILE
m hello
#+end_src

** MAK-01-003 | Choose the default goal
:PROPERTIES:
:CUSTOM_ID: MAK-01-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-01-003-makefile
:END:

.DEFAULT_GOAL makes the default explicit even when a helper rule comes first. Run: make.

#+name: MAK-01-003-makefile
#+begin_src makefile :tangle generated/MAK-01-003.mk :mkdirp yes
.DEFAULT_GOAL := all
helper:
	@printf "helper\n"
all:
	@printf "default all\n"
#+end_src

#+name: MAK-01-003
#+begin_src bash :noweb yes :tangle generated/MAK-01-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-01-003-makefile>>
MAKEFILE
m
#+end_src

** MAK-01-004 | Request a named target
:PROPERTIES:
:CUSTOM_ID: MAK-01-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-01-004-makefile
:END:

Only the requested target and its prerequisites are considered. The default goal is irrelevant to make check.

#+name: MAK-01-004-makefile
#+begin_src makefile :tangle generated/MAK-01-004.mk :mkdirp yes
all:
	@printf "build\n"
check:
	@printf "check\n"
#+end_src

#+name: MAK-01-004
#+begin_src bash :noweb yes :tangle generated/MAK-01-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-01-004-makefile>>
MAKEFILE
m check
#+end_src

** MAK-01-005 | Request two goals
:PROPERTIES:
:CUSTOM_ID: MAK-01-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-01-005-makefile
:END:

Specify both goals on the command line. This serial invocation prints their results in the requested order.

#+name: MAK-01-005-makefile
#+begin_src makefile :tangle generated/MAK-01-005.mk :mkdirp yes
one:
	@printf "one\n"
two:
	@printf "two\n"
#+end_src

#+name: MAK-01-005
#+begin_src bash :noweb yes :tangle generated/MAK-01-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-01-005-makefile>>
MAKEFILE
m one two
#+end_src

** MAK-01-006 | Use another makefile name
:PROPERTIES:
:CUSTOM_ID: MAK-01-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-01-006-makefile
:END:

-f selects a makefile explicitly. The runnable script renames the displayed file to rules.mk. Run: make -f rules.mk hello.

#+name: MAK-01-006-makefile
#+begin_src makefile :tangle generated/MAK-01-006.mk :mkdirp yes
hello:
	@printf "rules.mk selected\n"
#+end_src

#+name: MAK-01-006
#+begin_src bash :noweb yes :tangle generated/MAK-01-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-01-006-makefile>>
MAKEFILE
mv Makefile rules.mk
m -f rules.mk hello
#+end_src

* 02 - Files and incremental builds
:PROPERTIES:
:CUSTOM_ID: MAK-02-000
:CHAPTER: 02
:END:
** MAK-02-001 | Create a missing output
:PROPERTIES:
:CUSTOM_ID: MAK-02-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-02-001-makefile
:END:

The missing report.txt must be built from input.txt. The setup file contains a single record, 7. Run: make report.txt, then cat report.txt.

#+name: MAK-02-001-makefile
#+begin_src makefile :tangle generated/MAK-02-001.mk :mkdirp yes
report.txt: input.txt
	@printf "building report\n"
	@cp input.txt report.txt
#+end_src

#+name: MAK-02-001
#+begin_src bash :noweb yes :tangle generated/MAK-02-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_7_1'
7
INPUT_7_1
cat > Makefile <<'MAKEFILE'
<<MAK-02-001-makefile>>
MAKEFILE
m -s report.txt
cat report.txt
#+end_src

** MAK-02-002 | Skip an up-to-date output
:PROPERTIES:
:CUSTOM_ID: MAK-02-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-02-002-makefile
:END:

The second invocation has nothing to rebuild. A label separates the two runs; make -s keeps the no-op quiet.

#+name: MAK-02-002-makefile
#+begin_src makefile :tangle generated/MAK-02-002.mk :mkdirp yes
report.txt: input.txt
	@printf "building report\n"
	@cp input.txt report.txt
#+end_src

#+name: MAK-02-002
#+begin_src bash :noweb yes :tangle generated/MAK-02-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_8_1'
7
INPUT_8_1
cat > Makefile <<'MAKEFILE'
<<MAK-02-002-makefile>>
MAKEFILE
printf "first run\n"
m -s report.txt
printf "second run\n"
m -s report.txt
#+end_src

** MAK-02-003 | Rebuild after a newer prerequisite
:PROPERTIES:
:CUSTOM_ID: MAK-02-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-02-003-makefile
:END:

Changing the input only triggers a rebuild when its timestamp is newer. The script assigns explicit past timestamps to avoid sleeps and filesystem-resolution races.

#+name: MAK-02-003-makefile
#+begin_src makefile :tangle generated/MAK-02-003.mk :mkdirp yes
report.txt: input.txt
	@printf "building report\n"
	@cp input.txt report.txt
#+end_src

#+name: MAK-02-003
#+begin_src bash :noweb yes :tangle generated/MAK-02-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_9_1'
7
INPUT_9_1
cat > Makefile <<'MAKEFILE'
<<MAK-02-003-makefile>>
MAKEFILE
m -s report.txt
printf "9\n" > input.txt
touch -t 202001010101 report.txt
touch -t 202101010101 input.txt
m -s report.txt
cat report.txt
#+end_src

** MAK-02-004 | Content changes are not enough
:PROPERTIES:
:CUSTOM_ID: MAK-02-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-02-004-makefile
:END:

Make compares timestamps, not file contents. The script replaces the input but dates it earlier than the report; the report keeps its old value. Content hashing needs an explicit design.

#+name: MAK-02-004-makefile
#+begin_src makefile :tangle generated/MAK-02-004.mk :mkdirp yes
report.txt: input.txt
	@cp input.txt report.txt
#+end_src

#+name: MAK-02-004
#+begin_src bash :noweb yes :tangle generated/MAK-02-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_10_1'
7
INPUT_10_1
cat > Makefile <<'MAKEFILE'
<<MAK-02-004-makefile>>
MAKEFILE
m -s report.txt
printf "9\n" > input.txt
touch -t 202001010101 input.txt
m -s report.txt
cat report.txt
#+end_src

** MAK-02-005 | Build a dependency chain
:PROPERTIES:
:CUSTOM_ID: MAK-02-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-02-005-makefile
:END:

Make completes the intermediate table before its dependent report. The order comes from the graph, not the order of recipe text.

#+name: MAK-02-005-makefile
#+begin_src makefile :tangle generated/MAK-02-005.mk :mkdirp yes
report.txt: table.txt
	@printf "report\n"
	@cp table.txt report.txt
table.txt: input.txt
	@printf "table\n"
	@cp input.txt table.txt
#+end_src

#+name: MAK-02-005
#+begin_src bash :noweb yes :tangle generated/MAK-02-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_11_1'
7
INPUT_11_1
cat > Makefile <<'MAKEFILE'
<<MAK-02-005-makefile>>
MAKEFILE
m -s report.txt
#+end_src

** MAK-02-006 | Share one prerequisite
:PROPERTIES:
:CUSTOM_ID: MAK-02-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-02-006-makefile
:END:

Two outputs depend on the same prepared file. It is made once per invocation. Run: make all.

#+name: MAK-02-006-makefile
#+begin_src makefile :tangle generated/MAK-02-006.mk :mkdirp yes
all: left.txt right.txt
left.txt right.txt: prepared.txt
	@cp prepared.txt $@
prepared.txt:
	@printf "prepare once\n"
	@printf "ready\n" > $@
#+end_src

#+name: MAK-02-006
#+begin_src bash :noweb yes :tangle generated/MAK-02-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-02-006-makefile>>
MAKEFILE
m -s all
#+end_src

* 03 - Phony goals and directories
:PROPERTIES:
:CUSTOM_ID: MAK-03-000
:CHAPTER: 03
:END:
** MAK-03-001 | A filename can hide a command goal
:PROPERTIES:
:CUSTOM_ID: MAK-03-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-03-001-makefile
:END:

A file named check makes an ordinary target appear current. The script creates that file and demonstrates the skipped recipe. Compare with MAK-03-002.

#+name: MAK-03-001-makefile
#+begin_src makefile :tangle generated/MAK-03-001.mk :mkdirp yes
check:
	@printf "checked\n"
#+end_src

#+name: MAK-03-001
#+begin_src bash :noweb yes :tangle generated/MAK-03-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-03-001-makefile>>
MAKEFILE
touch check
m -s check
printf "recipe was skipped\n"
#+end_src

** MAK-03-002 | Declare a command goal phony
:PROPERTIES:
:CUSTOM_ID: MAK-03-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-03-002-makefile
:END:

.PHONY says that check names an action rather than a real output. It runs even when a file named check exists.

#+name: MAK-03-002-makefile
#+begin_src makefile :tangle generated/MAK-03-002.mk :mkdirp yes
.PHONY: check
check:
	@printf "checked\n"
#+end_src

#+name: MAK-03-002
#+begin_src bash :noweb yes :tangle generated/MAK-03-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-03-002-makefile>>
MAKEFILE
touch check
m -s check
#+end_src

** MAK-03-003 | Provide an aggregate all goal
:PROPERTIES:
:CUSTOM_ID: MAK-03-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-03-003-makefile
:END:

An aggregate phony goal joins several real outputs without creating a file named all. Repeating make all does not rebuild current files.

#+name: MAK-03-003-makefile
#+begin_src makefile :tangle generated/MAK-03-003.mk :mkdirp yes
.PHONY: all
all: a.txt b.txt
a.txt b.txt:
	@printf "%s\n" "$@"
	@printf "ready\n" > $@
#+end_src

#+name: MAK-03-003
#+begin_src bash :noweb yes :tangle generated/MAK-03-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-03-003-makefile>>
MAKEFILE
m -s all
printf "again\n"
m -s all
#+end_src

** MAK-03-004 | Create an output directory first
:PROPERTIES:
:CUSTOM_ID: MAK-03-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-03-004-makefile
:END:

The vertical bar introduces an order-only prerequisite. Build the directory before report.txt without using its timestamp to decide whether the report is stale.

#+name: MAK-03-004-makefile
#+begin_src makefile :tangle generated/MAK-03-004.mk :mkdirp yes
build/report.txt: input.txt | build
	@cp input.txt $@
	@printf "report created\n"
build:
	@mkdir -p $@
#+end_src

#+name: MAK-03-004
#+begin_src bash :noweb yes :tangle generated/MAK-03-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_16_1'
7
INPUT_16_1
cat > Makefile <<'MAKEFILE'
<<MAK-03-004-makefile>>
MAKEFILE
m -s build/report.txt
#+end_src

** MAK-03-005 | Directory changes do not rebuild outputs
:PROPERTIES:
:CUSTOM_ID: MAK-03-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-03-005-makefile
:END:

Adding an unrelated file changes the directory timestamp. Because build is order-only, the existing report remains current.

#+name: MAK-03-005-makefile
#+begin_src makefile :tangle generated/MAK-03-005.mk :mkdirp yes
build/report.txt: input.txt | build
	@cp input.txt $@
	@printf "report created\n"
build:
	@mkdir -p $@
#+end_src

#+name: MAK-03-005
#+begin_src bash :noweb yes :tangle generated/MAK-03-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_17_1'
7
INPUT_17_1
cat > Makefile <<'MAKEFILE'
<<MAK-03-005-makefile>>
MAKEFILE
m -s build/report.txt
printf "unrelated\n" > build/other.txt
printf "again\n"
m -s build/report.txt
#+end_src

** MAK-03-006 | A local clean goal
:PROPERTIES:
:CUSTOM_ID: MAK-03-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-03-006-makefile
:END:

A clean action removes only the named generated output in the fresh demonstration directory. Phony clean never collides with a file of the same name.

#+name: MAK-03-006-makefile
#+begin_src makefile :tangle generated/MAK-03-006.mk :mkdirp yes
.PHONY: all clean
all: result.txt
result.txt:
	@printf "generated\n" > $@
clean:
	@rm -f result.txt
#+end_src

#+name: MAK-03-006
#+begin_src bash :noweb yes :tangle generated/MAK-03-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-03-006-makefile>>
MAKEFILE
m -s all
m -s clean
test ! -e result.txt
printf "generated output removed\n"
#+end_src

* 04 - Automatic variables
:PROPERTIES:
:CUSTOM_ID: MAK-04-000
:CHAPTER: 04
:END:
** MAK-04-001 | Name the current target with $@
:PROPERTIES:
:CUSTOM_ID: MAK-04-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-04-001-makefile
:END:

$@ expands to the target being built. One rule can report or create the selected output name.

#+name: MAK-04-001-makefile
#+begin_src makefile :tangle generated/MAK-04-001.mk :mkdirp yes
alpha.txt beta.txt:
	@printf "%s\n" "$@"
	@printf "ready\n" > $@
#+end_src

#+name: MAK-04-001
#+begin_src bash :noweb yes :tangle generated/MAK-04-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-04-001-makefile>>
MAKEFILE
m -s beta.txt
#+end_src

** MAK-04-002 | Read the first prerequisite with $<
:PROPERTIES:
:CUSTOM_ID: MAK-04-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-04-002-makefile
:END:

$< is the first prerequisite. Copying $< to $@ keeps this recipe independent of the actual names.

#+name: MAK-04-002-makefile
#+begin_src makefile :tangle generated/MAK-04-002.mk :mkdirp yes
copy.txt: source.txt
	@cp $< $@
#+end_src

#+name: MAK-04-002
#+begin_src bash :noweb yes :tangle generated/MAK-04-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > source.txt <<'INPUT_20_1'
source record
INPUT_20_1
cat > Makefile <<'MAKEFILE'
<<MAK-04-002-makefile>>
MAKEFILE
m -s copy.txt
cat copy.txt
#+end_src

** MAK-04-003 | List unique prerequisites with $^
:PROPERTIES:
:CUSTOM_ID: MAK-04-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-04-003-makefile
:END:

$^ contains prerequisite names with duplicates removed. A duplicate dependency still appears only once.

#+name: MAK-04-003-makefile
#+begin_src makefile :tangle generated/MAK-04-003.mk :mkdirp yes
all: alpha.txt beta.txt alpha.txt
	@printf "%s\n" "$^"
#+end_src

#+name: MAK-04-003
#+begin_src bash :noweb yes :tangle generated/MAK-04-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > alpha.txt <<'INPUT_21_1'
a
INPUT_21_1
cat > beta.txt <<'INPUT_21_2'
b
INPUT_21_2
cat > Makefile <<'MAKEFILE'
<<MAK-04-003-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-04-004 | Keep duplicates with $+
:PROPERTIES:
:CUSTOM_ID: MAK-04-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-04-004-makefile
:END:

$+ retains duplicates and their order. This is useful when repeated arguments matter, such as some linker command lines.

#+name: MAK-04-004-makefile
#+begin_src makefile :tangle generated/MAK-04-004.mk :mkdirp yes
all: alpha.txt beta.txt alpha.txt
	@printf "%s\n" "$+"
#+end_src

#+name: MAK-04-004
#+begin_src bash :noweb yes :tangle generated/MAK-04-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > alpha.txt <<'INPUT_22_1'
a
INPUT_22_1
cat > beta.txt <<'INPUT_22_2'
b
INPUT_22_2
cat > Makefile <<'MAKEFILE'
<<MAK-04-004-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-04-005 | List newer prerequisites with $?
:PROPERTIES:
:CUSTOM_ID: MAK-04-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-04-005-makefile
:END:

$? reports the prerequisites newer than the target. The script assigns fixed past timestamps so only changed.txt qualifies.

#+name: MAK-04-005-makefile
#+begin_src makefile :tangle generated/MAK-04-005.mk :mkdirp yes
report.txt: old.txt changed.txt
	@printf "newer: %s\n" "$?"
	@touch $@
#+end_src

#+name: MAK-04-005
#+begin_src bash :noweb yes :tangle generated/MAK-04-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > old.txt <<'INPUT_23_1'
old
INPUT_23_1
cat > changed.txt <<'INPUT_23_2'
new
INPUT_23_2
cat > report.txt <<'INPUT_23_3'
report
INPUT_23_3
touch -t 202001010101 old.txt
touch -t 202101010101 report.txt
touch -t 202201010101 changed.txt
cat > Makefile <<'MAKEFILE'
<<MAK-04-005-makefile>>
MAKEFILE
m -s report.txt
#+end_src

** MAK-04-006 | Separate normal and order-only inputs
:PROPERTIES:
:CUSTOM_ID: MAK-04-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-04-006-makefile
:END:

$^ excludes order-only prerequisites; $| contains them. The build directory supplies ordering rather than content.

#+name: MAK-04-006-makefile
#+begin_src makefile :tangle generated/MAK-04-006.mk :mkdirp yes
build/report.txt: input.txt | build
	@printf "normal=%s order-only=%s\n" "$^" "$|"
	@cp $< $@
build:
	@mkdir -p $@
#+end_src

#+name: MAK-04-006
#+begin_src bash :noweb yes :tangle generated/MAK-04-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_24_1'
7
INPUT_24_1
cat > Makefile <<'MAKEFILE'
<<MAK-04-006-makefile>>
MAKEFILE
m -s build/report.txt
#+end_src

* 05 - Variables and expansion
:PROPERTIES:
:CUSTOM_ID: MAK-05-000
:CHAPTER: 05
:END:
** MAK-05-001 | Define a reusable variable
:PROPERTIES:
:CUSTOM_ID: MAK-05-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-05-001-makefile
:END:

Use $(NAME) to insert a Make variable. Single quotes in the recipe protect the expanded value as one shell argument.

#+name: MAK-05-001-makefile
#+begin_src makefile :tangle generated/MAK-05-001.mk :mkdirp yes
GREETING = Hello
all:
	@printf "%s\n" "$(GREETING), reader"
#+end_src

#+name: MAK-05-001
#+begin_src bash :noweb yes :tangle generated/MAK-05-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-05-001-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-05-002 | Recursive assignment sees later values
:PROPERTIES:
:CUSTOM_ID: MAK-05-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-05-002-makefile
:END:

= stores an expression that is expanded when used. Changing NAME after defining GREETING changes the eventual greeting.

#+name: MAK-05-002-makefile
#+begin_src makefile :tangle generated/MAK-05-002.mk :mkdirp yes
NAME = Ada
GREETING = Hello $(NAME)
NAME = Grace
all:
	@printf "%s\n" "$(GREETING)"
#+end_src

#+name: MAK-05-002
#+begin_src bash :noweb yes :tangle generated/MAK-05-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-05-002-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-05-003 | Simple assignment captures the current value
:PROPERTIES:
:CUSTOM_ID: MAK-05-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-05-003-makefile
:END:

:= expands its right-hand side immediately. GREETING therefore remembers Ada. Compare with MAK-05-002.

#+name: MAK-05-003-makefile
#+begin_src makefile :tangle generated/MAK-05-003.mk :mkdirp yes
NAME = Ada
GREETING := Hello $(NAME)
NAME = Grace
all:
	@printf "%s\n" "$(GREETING)"
#+end_src

#+name: MAK-05-003
#+begin_src bash :noweb yes :tangle generated/MAK-05-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-05-003-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-05-004 | Provide a default with ?=
:PROPERTIES:
:CUSTOM_ID: MAK-05-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-05-004-makefile
:END:

?= assigns a value only when the variable is undefined. A command-line value takes precedence over this default.

#+name: MAK-05-004-makefile
#+begin_src makefile :tangle generated/MAK-05-004.mk :mkdirp yes
MODE ?= release
all:
	@printf "%s\n" "$(MODE)"
#+end_src

#+name: MAK-05-004
#+begin_src bash :noweb yes :tangle generated/MAK-05-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-05-004-makefile>>
MAKEFILE
m -s all
m -s all MODE=debug
#+end_src

** MAK-05-005 | Append with +=
:PROPERTIES:
:CUSTOM_ID: MAK-05-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-05-005-makefile
:END:

+= adds words to an existing variable. This is convenient for assembling option lists or target sets.

#+name: MAK-05-005-makefile
#+begin_src makefile :tangle generated/MAK-05-005.mk :mkdirp yes
WORDS := small
WORDS += complete
WORDS += examples
all:
	@printf "%s\n" "$(WORDS)"
#+end_src

#+name: MAK-05-005
#+begin_src bash :noweb yes :tangle generated/MAK-05-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-05-005-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-05-006 | Override from the command line
:PROPERTIES:
:CUSTOM_ID: MAK-05-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-05-006-makefile
:END:

A command-line assignment beats an ordinary assignment in the Makefile. Run: make all NAME=Grace.

#+name: MAK-05-006-makefile
#+begin_src makefile :tangle generated/MAK-05-006.mk :mkdirp yes
NAME = Ada
all:
	@printf "Hello %s\n" "$(NAME)"
#+end_src

#+name: MAK-05-006
#+begin_src bash :noweb yes :tangle generated/MAK-05-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-05-006-makefile>>
MAKEFILE
m -s all NAME=Grace
#+end_src

* 06 - Variable scope and conditionals
:PROPERTIES:
:CUSTOM_ID: MAK-06-000
:CHAPTER: 06
:END:
** MAK-06-001 | Inspect the origin of a value
:PROPERTIES:
:CUSTOM_ID: MAK-06-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-06-001-makefile
:END:

$(origin NAME) explains where NAME came from. This helps distinguish a Makefile value from a command-line override.

#+name: MAK-06-001-makefile
#+begin_src makefile :tangle generated/MAK-06-001.mk :mkdirp yes
NAME = Ada
all:
	@printf "%s: %s\n" "$(origin NAME)" "$(NAME)"
#+end_src

#+name: MAK-06-001
#+begin_src bash :noweb yes :tangle generated/MAK-06-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-06-001-makefile>>
MAKEFILE
m -s all
m -s all NAME=Grace
#+end_src

** MAK-06-002 | An empty value is still defined
:PROPERTIES:
:CUSTOM_ID: MAK-06-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-06-002-makefile
:END:

A command-line empty string counts as defined, so ?= does not replace it. This differs from a shell fallback that tests for nonempty text.

#+name: MAK-06-002-makefile
#+begin_src makefile :tangle generated/MAK-06-002.mk :mkdirp yes
NAME ?= Ada
all:
	@printf "[%s]\n" "$(NAME)"
#+end_src

#+name: MAK-06-002
#+begin_src bash :noweb yes :tangle generated/MAK-06-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-06-002-makefile>>
MAKEFILE
m -s all NAME=
#+end_src

** MAK-06-003 | Export a value to the recipe shell
:PROPERTIES:
:CUSTOM_ID: MAK-06-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-06-003-makefile
:END:

Exported Make variables become shell environment variables. Double dollars pass the dollar sign through Make to the shell.

#+name: MAK-06-003-makefile
#+begin_src makefile :tangle generated/MAK-06-003.mk :mkdirp yes
export LABEL = published
all:
	@printf "%s\n" "$$LABEL"
#+end_src

#+name: MAK-06-003
#+begin_src bash :noweb yes :tangle generated/MAK-06-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-06-003-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-06-004 | Use a target-specific value
:PROPERTIES:
:CUSTOM_ID: MAK-06-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-06-004-makefile
:END:

A target-specific assignment applies when that target is built and is inherited by its prerequisites unless overridden.

#+name: MAK-06-004-makefile
#+begin_src makefile :tangle generated/MAK-06-004.mk :mkdirp yes
debug: MODE = debug
release: MODE = release
debug release:
	@printf "%s: %s\n" "$@" "$(MODE)"
#+end_src

#+name: MAK-06-004
#+begin_src bash :noweb yes :tangle generated/MAK-06-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-06-004-makefile>>
MAKEFILE
m -s debug release
#+end_src

** MAK-06-005 | Choose rules at parse time with ifeq
:PROPERTIES:
:CUSTOM_ID: MAK-06-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-06-005-makefile
:END:

ifeq is processed while Make reads the file. It chooses the recipe text before any target is executed.

#+name: MAK-06-005-makefile
#+begin_src makefile :tangle generated/MAK-06-005.mk :mkdirp yes
MODE ?= release
ifeq ($(MODE),debug)
MESSAGE := extra diagnostics
else
MESSAGE := compact output
endif
all:
	@printf "%s\n" "$(MESSAGE)"
#+end_src

#+name: MAK-06-005
#+begin_src bash :noweb yes :tangle generated/MAK-06-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-06-005-makefile>>
MAKEFILE
m -s all
m -s all MODE=debug
#+end_src

** MAK-06-006 | Deliberately override a command-line value
:PROPERTIES:
:CUSTOM_ID: MAK-06-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-06-006-makefile
:END:

The override directive gives this assignment precedence over a command-line assignment. Use it only for values the Makefile really must control.

#+name: MAK-06-006-makefile
#+begin_src makefile :tangle generated/MAK-06-006.mk :mkdirp yes
override MODE := required
all:
	@printf "%s\n" "$(MODE)"
#+end_src

#+name: MAK-06-006
#+begin_src bash :noweb yes :tangle generated/MAK-06-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-06-006-makefile>>
MAKEFILE
m -s all MODE=optional
#+end_src

* 07 - Pattern rules and file discovery
:PROPERTIES:
:CUSTOM_ID: MAK-07-000
:CHAPTER: 07
:END:
** MAK-07-001 | Capture the stem with $*
:PROPERTIES:
:CUSTOM_ID: MAK-07-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-07-001-makefile
:END:

% matches a stem shared by the target and prerequisite. $* contains that stem while the recipe runs.

#+name: MAK-07-001-makefile
#+begin_src makefile :tangle generated/MAK-07-001.mk :mkdirp yes
%.out: %.in
	@printf "stem=%s\n" "$*"
	@cp $< $@
#+end_src

#+name: MAK-07-001
#+begin_src bash :noweb yes :tangle generated/MAK-07-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > sample.in <<'INPUT_37_1'
record
INPUT_37_1
cat > Makefile <<'MAKEFILE'
<<MAK-07-001-makefile>>
MAKEFILE
m -s sample.out
#+end_src

** MAK-07-002 | Reuse one transformation rule
:PROPERTIES:
:CUSTOM_ID: MAK-07-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-07-002-makefile
:END:

Both files follow the same pattern rule. tr uppercases their complete input. $< and $@ identify the current pair.

#+name: MAK-07-002-makefile
#+begin_src makefile :tangle generated/MAK-07-002.mk :mkdirp yes
all: alpha.upper beta.upper
%.upper: %.txt
	@tr "[:lower:]" "[:upper:]" < $< > $@
#+end_src

#+name: MAK-07-002
#+begin_src bash :noweb yes :tangle generated/MAK-07-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > alpha.txt <<'INPUT_38_1'
ada
INPUT_38_1
cat > beta.txt <<'INPUT_38_2'
grace
INPUT_38_2
cat > Makefile <<'MAKEFILE'
<<MAK-07-002-makefile>>
MAKEFILE
m -s all
cat alpha.upper beta.upper
#+end_src

** MAK-07-003 | Limit a static pattern to selected targets
:PROPERTIES:
:CUSTOM_ID: MAK-07-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-07-003-makefile
:END:

A static pattern rule applies to the explicit target list before the second colon. It is more selective than a general implicit rule.

#+name: MAK-07-003-makefile
#+begin_src makefile :tangle generated/MAK-07-003.mk :mkdirp yes
OUTPUTS := alpha.out beta.out
all: $(OUTPUTS)
$(OUTPUTS): %.out: %.in
	@cp $< $@
#+end_src

#+name: MAK-07-003
#+begin_src bash :noweb yes :tangle generated/MAK-07-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > alpha.in <<'INPUT_39_1'
one
INPUT_39_1
cat > beta.in <<'INPUT_39_2'
two
INPUT_39_2
cat > Makefile <<'MAKEFILE'
<<MAK-07-003-makefile>>
MAKEFILE
m -s all
cat alpha.out beta.out
#+end_src

** MAK-07-004 | An explicit recipe wins
:PROPERTIES:
:CUSTOM_ID: MAK-07-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-07-004-makefile
:END:

An explicit recipe for special.out takes precedence over the generic pattern recipe for that target.

#+name: MAK-07-004-makefile
#+begin_src makefile :tangle generated/MAK-07-004.mk :mkdirp yes
%.out: %.in
	@cp $< $@
special.out: special.in
	@printf "special handling\n" > $@
#+end_src

#+name: MAK-07-004
#+begin_src bash :noweb yes :tangle generated/MAK-07-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > special.in <<'INPUT_40_1'
ordinary input
INPUT_40_1
cat > Makefile <<'MAKEFILE'
<<MAK-07-004-makefile>>
MAKEFILE
m -s special.out
cat special.out
#+end_src

** MAK-07-005 | Search for inputs with vpath
:PROPERTIES:
:CUSTOM_ID: MAK-07-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-07-005-makefile
:END:

vpath supplies a search directory for matching prerequisites. $< resolves to the discovered path, so the recipe reads the correct file.

#+name: MAK-07-005-makefile
#+begin_src makefile :tangle generated/MAK-07-005.mk :mkdirp yes
vpath %.txt data
copy.txt: input.txt
	@printf "input=%s\n" "$<"
	@cp $< $@
#+end_src

#+name: MAK-07-005
#+begin_src bash :noweb yes :tangle generated/MAK-07-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
mkdir -p data
cat > data/input.txt <<'INPUT_41_1'
found record
INPUT_41_1
cat > Makefile <<'MAKEFILE'
<<MAK-07-005-makefile>>
MAKEFILE
m -s copy.txt
cat copy.txt
#+end_src

** MAK-07-006 | Set a pattern-specific value
:PROPERTIES:
:CUSTOM_ID: MAK-07-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-07-006-makefile
:END:

A pattern-specific assignment supplies a value to all matching targets. Other target patterns can use a different value.

#+name: MAK-07-006-makefile
#+begin_src makefile :tangle generated/MAK-07-006.mk :mkdirp yes
%.debug: MODE = debug
%.release: MODE = release
app.debug app.release:
	@printf "%s: %s\n" "$@" "$(MODE)"
#+end_src

#+name: MAK-07-006
#+begin_src bash :noweb yes :tangle generated/MAK-07-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-07-006-makefile>>
MAKEFILE
m -s app.debug app.release
#+end_src

* 08 - Functions for lists and paths
:PROPERTIES:
:CUSTOM_ID: MAK-08-000
:CHAPTER: 08
:END:
** MAK-08-001 | Discover existing files with wildcard
:PROPERTIES:
:CUSTOM_ID: MAK-08-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-08-001-makefile
:END:

$(wildcard ...) returns matching existing filenames. The script creates alpha.txt and beta.txt before Make reads the expression.

#+name: MAK-08-001-makefile
#+begin_src makefile :tangle generated/MAK-08-001.mk :mkdirp yes
FILES := $(wildcard *.txt)
all:
	@printf "%s\n" "$(FILES)"
#+end_src

#+name: MAK-08-001
#+begin_src bash :noweb yes :tangle generated/MAK-08-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > alpha.txt <<'INPUT_43_1'
a
INPUT_43_1
cat > beta.txt <<'INPUT_43_2'
b
INPUT_43_2
cat > Makefile <<'MAKEFILE'
<<MAK-08-001-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-08-002 | Transform filenames with patsubst
:PROPERTIES:
:CUSTOM_ID: MAK-08-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-08-002-makefile
:END:

patsubst substitutes matching word patterns. Here source names become output names without executing a shell.

#+name: MAK-08-002-makefile
#+begin_src makefile :tangle generated/MAK-08-002.mk :mkdirp yes
SOURCES := alpha.txt beta.txt
OUTPUTS := $(patsubst %.txt,build/%.out,$(SOURCES))
all:
	@printf "%s\n" "$(OUTPUTS)"
#+end_src

#+name: MAK-08-002
#+begin_src bash :noweb yes :tangle generated/MAK-08-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-08-002-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-08-003 | Filter a list by suffix
:PROPERTIES:
:CUSTOM_ID: MAK-08-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-08-003-makefile
:END:

filter keeps matching words; filter-out keeps the remainder. Both operate on whitespace-separated lists.

#+name: MAK-08-003-makefile
#+begin_src makefile :tangle generated/MAK-08-003.mk :mkdirp yes
FILES := notes.org data.tsv plot.gp
all:
	@printf "data: %s\n" "$(filter %.tsv,$(FILES))"
	@printf "other: %s\n" "$(filter-out %.tsv,$(FILES))"
#+end_src

#+name: MAK-08-003
#+begin_src bash :noweb yes :tangle generated/MAK-08-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-08-003-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-08-004 | Sort and remove duplicates
:PROPERTIES:
:CUSTOM_ID: MAK-08-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-08-004-makefile
:END:

sort orders words and removes duplicates. It is suitable for a unique dependency list, but not for arguments where repetitions matter.

#+name: MAK-08-004-makefile
#+begin_src makefile :tangle generated/MAK-08-004.mk :mkdirp yes
FILES := beta.txt alpha.txt beta.txt
all:
	@printf "%s\n" "$(sort $(FILES))"
#+end_src

#+name: MAK-08-004
#+begin_src bash :noweb yes :tangle generated/MAK-08-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-08-004-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-08-005 | Build a list with foreach
:PROPERTIES:
:CUSTOM_ID: MAK-08-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-08-005-makefile
:END:

foreach evaluates the expression once for each list item. addprefix supplies the corresponding directory prefixes.

#+name: MAK-08-005-makefile
#+begin_src makefile :tangle generated/MAK-08-005.mk :mkdirp yes
NAMES := alpha beta
OUTPUTS := $(foreach name,$(NAMES),$(addprefix build/,$(name)).out)
all:
	@printf "%s\n" "$(OUTPUTS)"
#+end_src

#+name: MAK-08-005
#+begin_src bash :noweb yes :tangle generated/MAK-08-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-08-005-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-08-006 | Capture a shell result once
:PROPERTIES:
:CUSTOM_ID: MAK-08-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-08-006-makefile
:END:

$(shell ...) captures command output as a Make value. := evaluates this local command once as the file is read; repeated variable references reuse the value.

#+name: MAK-08-006-makefile
#+begin_src makefile :tangle generated/MAK-08-006.mk :mkdirp yes
VALUE := $(shell printf "computed")
all:
	@printf "%s / %s\n" "$(VALUE)" "$(VALUE)"
#+end_src

#+name: MAK-08-006
#+begin_src bash :noweb yes :tangle generated/MAK-08-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-08-006-makefile>>
MAKEFILE
m -s all
#+end_src

* 09 - The recipe shell
:PROPERTIES:
:CUSTOM_ID: MAK-09-000
:CHAPTER: 09
:END:
** MAK-09-001 | Escape a shell variable with $$
:PROPERTIES:
:CUSTOM_ID: MAK-09-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-09-001-makefile
:END:

Make consumes one dollar sign. $$name reaches the shell as $name, while $(name) would refer to a Make variable.

#+name: MAK-09-001-makefile
#+begin_src makefile :tangle generated/MAK-09-001.mk :mkdirp yes
all:
	@name=Ada; printf "%s\n" "$$name"
#+end_src

#+name: MAK-09-001
#+begin_src bash :noweb yes :tangle generated/MAK-09-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-09-001-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-09-002 | Separate recipe lines use separate shells
:PROPERTIES:
:CUSTOM_ID: MAK-09-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-09-002-makefile
:END:

A shell variable set on the first recipe line is absent on the next. ${value-unset} gives the shell a visible default.

#+name: MAK-09-002-makefile
#+begin_src makefile :tangle generated/MAK-09-002.mk :mkdirp yes
all:
	@value=kept
	@printf "[%s]\n" "$${value-unset}"
#+end_src

#+name: MAK-09-002
#+begin_src bash :noweb yes :tangle generated/MAK-09-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-09-002-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-09-003 | Join commands that share state
:PROPERTIES:
:CUSTOM_ID: MAK-09-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-09-003-makefile
:END:

Join commands with && to keep a directory change and its dependent command in the same shell. Each example starts in its own temporary directory.

#+name: MAK-09-003-makefile
#+begin_src makefile :tangle generated/MAK-09-003.mk :mkdirp yes
all:
	@mkdir -p sub
	@cd sub && printf "inside sub\n" > result.txt
	@cat sub/result.txt
#+end_src

#+name: MAK-09-003
#+begin_src bash :noweb yes :tangle generated/MAK-09-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-09-003-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-09-004 | Use one shell for a complete recipe
:PROPERTIES:
:CUSTOM_ID: MAK-09-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-09-004-makefile
:END:

.ONESHELL passes all recipe lines to one shell. Explicit -eu flags make an unset variable or a failed command stop the recipe.

#+name: MAK-09-004-makefile
#+begin_src makefile :tangle generated/MAK-09-004.mk :mkdirp yes
.ONESHELL:
SHELL := /bin/sh
.SHELLFLAGS := -eu -c
all:
	@value=kept
	printf "%s\n" "$$value"
#+end_src

#+name: MAK-09-004
#+begin_src bash :noweb yes :tangle generated/MAK-09-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-09-004-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-09-005 | Choose a visible recipe prefix
:PROPERTIES:
:CUSTOM_ID: MAK-09-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-09-005-makefile
:END:

.RECIPEPREFIX changes the recipe introducer from a tab to the first character of its value. The > prefix makes indentation visible.

#+name: MAK-09-005-makefile
#+begin_src makefile :tangle generated/MAK-09-005.mk :mkdirp yes
.RECIPEPREFIX := >
all:
>@printf "visible prefix\n"
#+end_src

#+name: MAK-09-005
#+begin_src bash :noweb yes :tangle generated/MAK-09-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-09-005-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-09-006 | Write a shell loop
:PROPERTIES:
:CUSTOM_ID: MAK-09-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-09-006-makefile
:END:

The backslash continues the logical recipe line. $$item belongs to the shell loop, while Make processes the surrounding recipe first.

#+name: MAK-09-006-makefile
#+begin_src makefile :tangle generated/MAK-09-006.mk :mkdirp yes
all:
	@for item in alpha beta; do \
		printf "%s\n" "$$item"; \
	done
#+end_src

#+name: MAK-09-006
#+begin_src bash :noweb yes :tangle generated/MAK-09-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-09-006-makefile>>
MAKEFILE
m -s all
#+end_src

* 10 - Includes and recursive Make
:PROPERTIES:
:CUSTOM_ID: MAK-10-000
:CHAPTER: 10
:END:
** MAK-10-001 | Include a small configuration file
:PROPERTIES:
:CUSTOM_ID: MAK-10-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-10-001-makefile
:END:

include reads another makefile at this point. options.mk contains MODE = debug; the main file uses that setting.

#+name: MAK-10-001-makefile
#+begin_src makefile :tangle generated/MAK-10-001.mk :mkdirp yes
include options.mk
all:
	@printf "%s\n" "$(MODE)"
#+end_src

#+name: MAK-10-001
#+begin_src bash :noweb yes :tangle generated/MAK-10-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > options.mk <<'INPUT_55_1'
MODE = debug
INPUT_55_1
cat > Makefile <<'MAKEFILE'
<<MAK-10-001-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-10-002 | Allow an optional include
:PROPERTIES:
:CUSTOM_ID: MAK-10-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-10-002-makefile
:END:

-include permits a missing optional file. The default remains available when local.mk has not been created.

#+name: MAK-10-002-makefile
#+begin_src makefile :tangle generated/MAK-10-002.mk :mkdirp yes
-include local.mk
MODE ?= release
all:
	@printf "%s\n" "$(MODE)"
#+end_src

#+name: MAK-10-002
#+begin_src bash :noweb yes :tangle generated/MAK-10-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-10-002-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-10-003 | Generate an included makefile
:PROPERTIES:
:CUSTOM_ID: MAK-10-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-10-003-makefile
:END:

Make can build a missing included file, then restart reading its configuration. The generated file defines MODE. .DEFAULT_GOAL prevents the helper rule becoming the default.

#+name: MAK-10-003-makefile
#+begin_src makefile :tangle generated/MAK-10-003.mk :mkdirp yes
.DEFAULT_GOAL := all
include options.mk
options.mk:
	@printf "writing options\n"
	@printf "MODE = generated\n" > $@
all:
	@printf "%s\n" "$(MODE)"
#+end_src

#+name: MAK-10-003
#+begin_src bash :noweb yes :tangle generated/MAK-10-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-10-003-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-10-004 | Read several files with -f
:PROPERTIES:
:CUSTOM_ID: MAK-10-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-10-004-makefile
:END:

Repeated -f options read makefiles in order. extra.mk appends a word to the list defined in the displayed base.mk.

#+name: MAK-10-004-makefile
#+begin_src makefile :tangle generated/MAK-10-004.mk :mkdirp yes
WORDS := base
all:
	@printf "%s\n" "$(WORDS)"
#+end_src

#+name: MAK-10-004
#+begin_src bash :noweb yes :tangle generated/MAK-10-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > extra.mk <<'INPUT_58_1'
WORDS += extra
INPUT_58_1
cat > Makefile <<'MAKEFILE'
<<MAK-10-004-makefile>>
MAKEFILE
mv Makefile base.mk
m -s -f base.mk -f extra.mk all
#+end_src

** MAK-10-005 | Delegate with $(MAKE)
:PROPERTIES:
:CUSTOM_ID: MAK-10-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-10-005-makefile
:END:

$(MAKE) selects the same executable and marks a recursive invocation for Make. -C enters the child directory; the helper suppresses directory-announcement lines.

#+name: MAK-10-005-makefile
#+begin_src makefile :tangle generated/MAK-10-005.mk :mkdirp yes
.PHONY: all
all:
	@$(MAKE) -s -C child all
#+end_src

#+name: MAK-10-005
#+begin_src bash :noweb yes :tangle generated/MAK-10-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
mkdir -p child
cat > child/Makefile <<'INPUT_59_1'
all:
	@printf "child built\n"
INPUT_59_1
cat > Makefile <<'MAKEFILE'
<<MAK-10-005-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-10-006 | Forward a command-line variable
:PROPERTIES:
:CUSTOM_ID: MAK-10-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-10-006-makefile
:END:

Command-line assignments propagate to a recursive Make through its flags. The child Makefile uses a default that the parent invocation overrides.

#+name: MAK-10-006-makefile
#+begin_src makefile :tangle generated/MAK-10-006.mk :mkdirp yes
.PHONY: all
all:
	@$(MAKE) -s -C child all
#+end_src

#+name: MAK-10-006
#+begin_src bash :noweb yes :tangle generated/MAK-10-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
mkdir -p child
cat > child/Makefile <<'INPUT_60_1'
NAME ?= Ada
all:
	@printf "child sees %s\n" "$(NAME)"
INPUT_60_1
cat > Makefile <<'MAKEFILE'
<<MAK-10-006-makefile>>
MAKEFILE
m -s all NAME=Grace
#+end_src

* 11 - Parallel builds
:PROPERTIES:
:CUSTOM_ID: MAK-11-000
:CHAPTER: 11
:END:
** MAK-11-001 | Build independent outputs concurrently
:PROPERTIES:
:CUSTOM_ID: MAK-11-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-11-001-makefile
:END:

-j2 permits two recipes at once. Each writes its own file; the final cat uses a fixed order, independent of job scheduling.

#+name: MAK-11-001-makefile
#+begin_src makefile :tangle generated/MAK-11-001.mk :mkdirp yes
all: alpha.txt beta.txt
alpha.txt beta.txt:
	@printf "%s\n" "$@" > $@
#+end_src

#+name: MAK-11-001
#+begin_src bash :noweb yes :tangle generated/MAK-11-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-11-001-makefile>>
MAKEFILE
m -s -j2 all
cat alpha.txt beta.txt
#+end_src

** MAK-11-002 | Dependencies enforce order under -j
:PROPERTIES:
:CUSTOM_ID: MAK-11-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-11-002-makefile
:END:

Both outputs require prepared.txt. Their recipes cannot start before its recipe finishes, even with parallel execution enabled.

#+name: MAK-11-002-makefile
#+begin_src makefile :tangle generated/MAK-11-002.mk :mkdirp yes
all: alpha.txt beta.txt
alpha.txt beta.txt: prepared.txt
	@test -s prepared.txt
	@cp prepared.txt $@
prepared.txt:
	@printf "prepared\n" > $@
#+end_src

#+name: MAK-11-002
#+begin_src bash :noweb yes :tangle generated/MAK-11-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-11-002-makefile>>
MAKEFILE
m -s -j2 all
cat alpha.txt beta.txt
#+end_src

** MAK-11-003 | Group output per target
:PROPERTIES:
:CUSTOM_ID: MAK-11-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-11-003-makefile
:END:

--output-sync=target keeps each recipe output together. The order of the left and right blocks may vary; both complete orders are accepted.

#+name: MAK-11-003-makefile
#+begin_src makefile :tangle generated/MAK-11-003.mk :mkdirp yes
all: left right
.PHONY: all left right
left right:
	@printf "%s begin\n" "$@"
	@printf "%s end\n" "$@"
#+end_src

#+name: MAK-11-003
#+begin_src bash :noweb yes :tangle generated/MAK-11-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-11-003-makefile>>
MAKEFILE
m -s -j2 --output-sync=target all
#+end_src

** MAK-11-004 | Use one job for serial output
:PROPERTIES:
:CUSTOM_ID: MAK-11-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-11-004-makefile
:END:

-j1 requests one job at a time. With this prerequisite list, the two command goals finish in left-to-right order.

#+name: MAK-11-004-makefile
#+begin_src makefile :tangle generated/MAK-11-004.mk :mkdirp yes
.PHONY: all left right
all: left right
left right:
	@printf "%s\n" "$@"
#+end_src

#+name: MAK-11-004
#+begin_src bash :noweb yes :tangle generated/MAK-11-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-11-004-makefile>>
MAKEFILE
m -s -j1 all
#+end_src

** MAK-11-005 | Disable parallel execution for an invocation
:PROPERTIES:
:CUSTOM_ID: MAK-11-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-11-005-makefile
:END:

An empty .NOTPARALLEL target serializes this Make invocation even when -j2 is supplied. Recursive invocations have their own parallel policy.

#+name: MAK-11-005-makefile
#+begin_src makefile :tangle generated/MAK-11-005.mk :mkdirp yes
.NOTPARALLEL:
.PHONY: all left right
all: left right
left right:
	@printf "%s\n" "$@"
#+end_src

#+name: MAK-11-005
#+begin_src bash :noweb yes :tangle generated/MAK-11-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-11-005-makefile>>
MAKEFILE
m -s -j2 all
#+end_src

** MAK-11-006 | Share jobs with recursive Make
:PROPERTIES:
:CUSTOM_ID: MAK-11-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-11-006-makefile
:END:

Use $(MAKE) for recursion so the child participates in the jobserver. Avoid adding an independent -j value to every child. Each module writes its own output.

#+name: MAK-11-006-makefile
#+begin_src makefile :tangle generated/MAK-11-006.mk :mkdirp yes
.PHONY: all alpha beta
all: alpha beta
alpha beta:
	@$(MAKE) -s -C $@ all
#+end_src

#+name: MAK-11-006
#+begin_src bash :noweb yes :tangle generated/MAK-11-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
mkdir -p alpha
cat > alpha/Makefile <<'INPUT_66_1'
all:
	@printf "alpha\n" > result.txt
INPUT_66_1
mkdir -p beta
cat > beta/Makefile <<'INPUT_66_2'
all:
	@printf "beta\n" > result.txt
INPUT_66_2
cat > Makefile <<'MAKEFILE'
<<MAK-11-006-makefile>>
MAKEFILE
m -s -j2 all
cat alpha/result.txt beta/result.txt
#+end_src

* 12 - Inspect and diagnose a build
:PROPERTIES:
:CUSTOM_ID: MAK-12-000
:CHAPTER: 12
:END:
** MAK-12-001 | Preview an ordinary recipe with -n
:PROPERTIES:
:CUSTOM_ID: MAK-12-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-12-001-makefile
:END:

-n prints this ordinary recipe without running it. The follow-up test confirms that result.txt was not created. Recursive $(MAKE), + recipes and makefile remakes have special dry-run behavior.

#+name: MAK-12-001-makefile
#+begin_src makefile :tangle generated/MAK-12-001.mk :mkdirp yes
result.txt:
	@printf "generated\n" > result.txt
#+end_src

#+name: MAK-12-001
#+begin_src bash :noweb yes :tangle generated/MAK-12-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-12-001-makefile>>
MAKEFILE
m -n result.txt
test ! -e result.txt
printf "file remains absent\n"
#+end_src

** MAK-12-002 | Ask whether an output is current
:PROPERTIES:
:CUSTOM_ID: MAK-12-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-12-002-makefile
:END:

-q runs no ordinary recipe: exit 0 means current, 1 means a rebuild is needed, and 2 means an error. The script distinguishes these statuses rather than treating every failure as stale.

#+name: MAK-12-002-makefile
#+begin_src makefile :tangle generated/MAK-12-002.mk :mkdirp yes
result.txt: input.txt
	@cp $< $@
#+end_src

#+name: MAK-12-002
#+begin_src bash :noweb yes :tangle generated/MAK-12-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_68_1'
record
INPUT_68_1
cat > Makefile <<'MAKEFILE'
<<MAK-12-002-makefile>>
MAKEFILE
if m -s -q result.txt; then printf "current\n"; else status=$?; test "$status" = 1; printf "needs rebuild\n"; fi
m -s result.txt
if m -s -q result.txt; then printf "current\n"; else exit 1; fi
#+end_src

** MAK-12-003 | Trace why a recipe runs
:PROPERTIES:
:CUSTOM_ID: MAK-12-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-12-003-makefile
:END:

--trace reports the rule and the prerequisite that prompted rebuilding. The script replaces the numeric line location with LINE for a stable transcript.

#+name: MAK-12-003-makefile
#+begin_src makefile :tangle generated/MAK-12-003.mk :mkdirp yes
copy.txt: source.txt
	@cp source.txt copy.txt
#+end_src

#+name: MAK-12-003
#+begin_src bash :noweb yes :tangle generated/MAK-12-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > source.txt <<'INPUT_69_1'
record
INPUT_69_1
cat > Makefile <<'MAKEFILE'
<<MAK-12-003-makefile>>
MAKEFILE
cp source.txt copy.txt
touch -t 202001010101 copy.txt
touch -t 202101010101 source.txt
m --trace copy.txt | sed -E "s/Makefile:[0-9]+:/Makefile:LINE:/g"
#+end_src

** MAK-12-004 | Print a parse-time diagnostic
:PROPERTIES:
:CUSTOM_ID: MAK-12-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-12-004-makefile
:END:

$(info ...) writes a message as the file is read. This precedes the target recipe and helps inspect an expanded variable.

#+name: MAK-12-004-makefile
#+begin_src makefile :tangle generated/MAK-12-004.mk :mkdirp yes
MODE := debug
$(info reading MODE=$(MODE))
all:
	@printf "running target\n"
#+end_src

#+name: MAK-12-004
#+begin_src bash :noweb yes :tangle generated/MAK-12-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-12-004-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-12-005 | Reject an invalid configuration
:PROPERTIES:
:CUSTOM_ID: MAK-12-005
:SHELLS: bash
:EXPECT_EXIT: 2
:DISPLAY_BLOCK: MAK-12-005-makefile
:END:

This is an intentional error. $(error ...) stops reading the file before the recipe can run; Make returns status 2. The captured standard error explains the missing setting.

#+name: MAK-12-005-makefile
#+begin_src makefile :tangle generated/MAK-12-005.mk :mkdirp yes
ifeq ($(strip $(INPUT)),)
$(error INPUT is required)
endif
all:
	@printf "would run\n"
#+end_src

#+name: MAK-12-005
#+begin_src bash :noweb yes :tangle generated/MAK-12-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-12-005-makefile>>
MAKEFILE
m -s all
#+end_src

** MAK-12-006 | Diagnose spaces where a tab is required
:PROPERTIES:
:CUSTOM_ID: MAK-12-006
:SHELLS: bash
:EXPECT_EXIT: 2
:DISPLAY_BLOCK: MAK-12-006-makefile
:END:

This is an intentional syntax error: the recipe begins with four spaces. Make reports missing separator and exits 2. Compare with MAK-01-001 or the visible prefix in MAK-09-005.

#+name: MAK-12-006-makefile
#+begin_src makefile :tangle generated/MAK-12-006.mk :mkdirp yes
all:
    printf "bad indentation\n"
#+end_src

#+name: MAK-12-006
#+begin_src bash :noweb yes :tangle generated/MAK-12-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-12-006-makefile>>
MAKEFILE
m -s all
#+end_src

* 13 - Reliable outputs and a complete workflow
:PROPERTIES:
:CUSTOM_ID: MAK-13-000
:CHAPTER: 13
:END:
** MAK-13-001 | Delete a target when its recipe fails
:PROPERTIES:
:CUSTOM_ID: MAK-13-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-13-001-makefile
:END:

.DELETE_ON_ERROR removes an output modified by a failed recipe. The script verifies that the incomplete file is gone; this expected failure is caught explicitly.

#+name: MAK-13-001-makefile
#+begin_src makefile :tangle generated/MAK-13-001.mk :mkdirp yes
.DELETE_ON_ERROR:
report.txt:
	@printf "incomplete\n" > $@
	@false
#+end_src

#+name: MAK-13-001
#+begin_src bash :noweb yes :tangle generated/MAK-13-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > Makefile <<'MAKEFILE'
<<MAK-13-001-makefile>>
MAKEFILE
if m -s report.txt 2> failure.txt; then exit 1; else status=$?; test "$status" = 2; fi
test ! -e report.txt
printf "partial output removed\n"
#+end_src

** MAK-13-002 | Publish an output with an atomic rename
:PROPERTIES:
:CUSTOM_ID: MAK-13-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-13-002-makefile
:END:

Write to a temporary sibling first, then rename it only after success. A simulated failure before mv preserves the previously complete report.

#+name: MAK-13-002-makefile
#+begin_src makefile :tangle generated/MAK-13-002.mk :mkdirp yes
.PHONY: all broken
all: report.txt
report.txt: input.txt
	@cp $< $@.tmp && mv $@.tmp $@
broken:
	@printf "partial\n" > report.txt.tmp; false
#+end_src

#+name: MAK-13-002
#+begin_src bash :noweb yes :tangle generated/MAK-13-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_74_1'
complete record
INPUT_74_1
cat > Makefile <<'MAKEFILE'
<<MAK-13-002-makefile>>
MAKEFILE
m -s all
if m -s broken 2> failure.txt; then exit 1; else test "$?" = 2; fi
cat report.txt
#+end_src

** MAK-13-003 | Declare outputs produced together
:PROPERTIES:
:CUSTOM_ID: MAK-13-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-13-003-makefile
:END:

&: is a grouped-target rule, available in GNU Make 4.3 and later. One invocation creates both files. Asking for both with -j2 must still run the recipe only once.

#+name: MAK-13-003-makefile
#+begin_src makefile :tangle generated/MAK-13-003.mk :mkdirp yes
all: summary.txt count.txt
summary.txt count.txt &: input.txt
	@printf "one grouped recipe\n"
	@cp input.txt summary.txt
	@wc -l < input.txt | tr -d " " > count.txt
#+end_src

#+name: MAK-13-003
#+begin_src bash :noweb yes :tangle generated/MAK-13-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > input.txt <<'INPUT_75_1'
Ada
Grace
INPUT_75_1
cat > Makefile <<'MAKEFILE'
<<MAK-13-003-makefile>>
MAKEFILE
m -s -j2 all
cat summary.txt count.txt
#+end_src

** MAK-13-004 | Connect data, AWK, gnuplot and HTML
:PROPERTIES:
:CUSTOM_ID: MAK-13-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-13-004-makefile
:END:

A complete dependency graph aggregates three input records, plots the totals and writes a linked HTML report. data.tsv contains books 4, pens 2 and books 3. The full runnable example includes plot.gp. Run: make report.html.

#+name: MAK-13-004-makefile
#+begin_src makefile :tangle generated/MAK-13-004.mk :mkdirp yes
.DEFAULT_GOAL := report.html
totals.tsv: data.tsv
	@printf "aggregate data\n"
	@awk '{sum[$$1]+=$$2} END {for (key in sum) print key, sum[key]}' $< | sort > $@
chart.svg: totals.tsv plot.gp
	@printf "draw chart\n"
	@gnuplot plot.gp
report.html: chart.svg
	@printf "publish report\n"
	@printf '<!doctype html><title>Make report</title><h1>Totals</h1><img src="chart.svg" alt="Totals by category">\n' > $@
#+end_src

#+name: MAK-13-004
#+begin_src bash :noweb yes :tangle generated/MAK-13-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > data.tsv <<'INPUT_76_1'
books 4
pens 2
books 3
INPUT_76_1
cat > plot.gp <<'INPUT_76_2'
set terminal svg size 640,360
set output 'chart.svg'
set style fill solid 0.7
set boxwidth 0.6
plot 'totals.tsv' using 2:xticlabels(1) with boxes title 'Totals'
INPUT_76_2
cat > Makefile <<'MAKEFILE'
<<MAK-13-004-makefile>>
MAKEFILE
m -s report.html
cat totals.tsv
test -s chart.svg
test -s report.html
printf "HTML and SVG ready\n"
#+end_src

** MAK-13-005 | Rebuild only a changed downstream branch
:PROPERTIES:
:CUSTOM_ID: MAK-13-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-13-005-makefile
:END:

Changing plot.gp requires a new chart and HTML report, while totals.tsv remains current. Fixed past timestamps make the dependency test repeatable without sleeping.

#+name: MAK-13-005-makefile
#+begin_src makefile :tangle generated/MAK-13-005.mk :mkdirp yes
.DEFAULT_GOAL := report.html
totals.tsv: data.tsv
	@printf "aggregate data\n"
	@awk '{sum[$$1]+=$$2} END {for (key in sum) print key, sum[key]}' $< | sort > $@
chart.svg: totals.tsv plot.gp
	@printf "draw chart\n"
	@gnuplot plot.gp
report.html: chart.svg
	@printf "publish report\n"
	@printf '<!doctype html><title>Make report</title><h1>Totals</h1><img src="chart.svg" alt="Totals by category">\n' > $@
#+end_src

#+name: MAK-13-005
#+begin_src bash :noweb yes :tangle generated/MAK-13-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > data.tsv <<'INPUT_77_1'
books 4
pens 2
books 3
INPUT_77_1
cat > plot.gp <<'INPUT_77_2'
set terminal svg size 640,360
set output 'chart.svg'
set style fill solid 0.7
set boxwidth 0.6
plot 'totals.tsv' using 2:xticlabels(1) with boxes title 'Totals'
INPUT_77_2
cat > Makefile <<'MAKEFILE'
<<MAK-13-005-makefile>>
MAKEFILE
m -s report.html
sed "s/size 640,360/size 800,450/" plot.gp > plot.gp.tmp
mv plot.gp.tmp plot.gp
touch -t 202001010101 totals.tsv chart.svg report.html data.tsv
touch -t 202101010101 plot.gp
printf "change only plotting settings\n"
m -s report.html
grep -q 'viewBox="0 0 800 450"' chart.svg
#+end_src

** MAK-13-006 | Stage and package a local website
:PROPERTIES:
:CUSTOM_ID: MAK-13-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-13-006-makefile
:END:

Stage only public HTML and SVG files, then archive that directory. This example performs no network deployment. Keep actual SSH uploads as a separate, explicit action.

#+name: MAK-13-006-makefile
#+begin_src makefile :tangle generated/MAK-13-006.mk :mkdirp yes
.DEFAULT_GOAL := report.html
totals.tsv: data.tsv
	@printf "aggregate data\n"
	@awk '{sum[$$1]+=$$2} END {for (key in sum) print key, sum[key]}' $< | sort > $@
chart.svg: totals.tsv plot.gp
	@printf "draw chart\n"
	@gnuplot plot.gp
report.html: chart.svg
	@printf "publish report\n"
	@printf '<!doctype html><title>Make report</title><h1>Totals</h1><img src="chart.svg" alt="Totals by category">\n' > $@

.PHONY: stage package
stage: report.html
	@mkdir -p public
	@cp report.html public/index.html
	@cp chart.svg public/chart.svg
package: stage
	@tar -czf website.tar.gz -C public .
#+end_src

#+name: MAK-13-006
#+begin_src bash :noweb yes :tangle generated/MAK-13-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > data.tsv <<'INPUT_78_1'
books 4
pens 2
books 3
INPUT_78_1
cat > plot.gp <<'INPUT_78_2'
set terminal svg size 640,360
set output 'chart.svg'
set style fill solid 0.7
set boxwidth 0.6
plot 'totals.tsv' using 2:xticlabels(1) with boxes title 'Totals'
INPUT_78_2
cat > Makefile <<'MAKEFILE'
<<MAK-13-006-makefile>>
MAKEFILE
m -s package
test -s website.tar.gz
find public -type f | sort
printf "website.tar.gz ready\n"
#+end_src

* 14 - LaTeX documents, references and generated figures
:PROPERTIES:
:CUSTOM_ID: MAK-14-000
:CHAPTER: 14
:END:
Make describes project dependencies and useful goals. Latexmk handles the TeX
reruns, citations and discovered document inputs. Use real PDF targets when the
Makefile declares all their inputs; use a phony goal that delegates to latexmk
when input discovery is better left to the TeX tool. Generated tables and figures
still belong in Make's dependency graph. Separate output directories keep
variants and parallel document builds from sharing auxiliary state.

These twelve examples compile real, small LaTeX documents. They require latexmk,
pdfLaTeX, BibTeX, Biber with biblatex, and pdftotext for text verification. gnuplot's
pdfcairo terminal generates the figure in MAK-14-006. The examples use -norc and
explicit project settings; they do not load personal latexmk initialization files.
All compiler diagnostics are captured in the example's own build/latexmk.log and
printed on failure. KEEP_WORK=1 retains PDFs, logs and source files for inspection.
The captured tour output reports checks of real compiler artifacts. It omits
verbose compiler chatter. The watch recipe in MAK-14-003 is previewed without
starting a continuous process.

Reference: https://ctan.org/pkg/latexmk
Manual: https://tug.ctan.org/support/latexmk/latexmk.pdf

** MAK-14-001 | Build a PDF with latexmk
:PROPERTIES:
:CUSTOM_ID: MAK-14-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-001-makefile
:END:

Make coordinates the project; latexmk runs the TeX passes needed for a stable PDF. The real target is build/main.pdf, with build as an order-only prerequisite. The recipe keeps auxiliary files and compiler diagnostics in build/. .DELETE_ON_ERROR removes a file target modified by a failed recipe. If compilation fails, it prints the saved log and returns failure. The driver checks the actual PDF text. Run: make all. The -norc flag makes this demonstration independent of personal latexmk settings.

#+name: MAK-14-001-makefile
#+begin_src makefile :tangle generated/MAK-14-001.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all
all: build/main.pdf
build/main.pdf: main.tex | build
	@printf "compile main.tex\n"
	@$(LATEXMK) $(FLAGS) -outdir=build $< > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build:
	@mkdir -p $@
#+end_src

#+name: MAK-14-001
#+begin_src bash :noweb yes :tangle generated/MAK-14-001.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_79_1'
\documentclass{article}
\begin{document}
Hello from a Make-built document.
\end{document}
INPUT_79_1
cat > Makefile <<'MAKEFILE'
<<MAK-14-001-makefile>>
MAKEFILE
m -s all
test -s build/main.pdf
pdftotext build/main.pdf text.txt
grep -q 'Hello from a Make-built document.' text.txt
m -q all
printf "PDF text verified; second build is current\n"
#+end_src

** MAK-14-002 | Rebuild after editing an included chapter
:PROPERTIES:
:CUSTOM_ID: MAK-14-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-002-makefile
:END:

A file target needs every relevant input in its prerequisites, including included chapters and custom .cls/.sty files. This small project lists sections/*.tex explicitly with wildcard. The driver changes the chapter text, assigns controlled past timestamps and verifies that the new text reaches the PDF. Wildcard covers existing files in this directory; it does not discover arbitrary nested inputs. See MAK-14-003 for delegation to latexmk.

#+name: MAK-14-002-makefile
#+begin_src makefile :tangle generated/MAK-14-002.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
CHAPTERS := $(wildcard sections/*.tex)
.PHONY: all
all: build/main.pdf
build/main.pdf: main.tex $(CHAPTERS) | build
	@printf "compile document and chapters\n"
	@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build:
	@mkdir -p $@
#+end_src

#+name: MAK-14-002
#+begin_src bash :noweb yes :tangle generated/MAK-14-002.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_80_1'
\documentclass{article}
\begin{document}
\input{sections/intro}
\end{document}
INPUT_80_1
mkdir -p sections
cat > sections/intro.tex <<'INPUT_80_2'
Original chapter text.
INPUT_80_2
cat > Makefile <<'MAKEFILE'
<<MAK-14-002-makefile>>
MAKEFILE
m -s all
m -q all
printf "Revised chapter text.\n" > sections/intro.tex
touch -t 202001010101 main.tex build/main.pdf
touch -t 202101010101 sections/intro.tex
m -s all
pdftotext build/main.pdf text.txt
grep -q 'Revised chapter text.' text.txt
if grep -q 'Original chapter text.' text.txt; then exit 1; fi
printf "edited chapter appears in the PDF\n"
#+end_src

** MAK-14-003 | Let latexmk discover inputs; preview a watch command
:PROPERTIES:
:CUSTOM_ID: MAK-14-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-003-makefile
:END:

The pdf goal is phony, so Make always asks latexmk to inspect the document. Latexmk tracks inputs and reruns TeX only when needed; the driver verifies an unchanged TeX log on the second invocation, then changes an included chapter. This avoids maintaining a second list of nested TeX inputs. Declare generated figures or tables as pdf prerequisites so Make creates them first. The watch goal uses -pvc for continuous preview. Only make -n watch is exercised here: run make watch interactively and stop it with Ctrl-C. A latexmk watcher does not itself invoke unrelated Make rules when their source data changes.

#+name: MAK-14-003-makefile
#+begin_src makefile :tangle generated/MAK-14-003.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := pdf
.PHONY: pdf watch
pdf: | build
	@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
watch: | build
	@$(LATEXMK) $(FLAGS) -outdir=build -pvc main.tex
build:
	@mkdir -p $@
#+end_src

#+name: MAK-14-003
#+begin_src bash :noweb yes :tangle generated/MAK-14-003.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_81_1'
\documentclass{article}
\begin{document}
\input{sections/intro}
\end{document}
INPUT_81_1
mkdir -p sections
cat > sections/intro.tex <<'INPUT_81_2'
First discovered chapter.
INPUT_81_2
cat > Makefile <<'MAKEFILE'
<<MAK-14-003-makefile>>
MAKEFILE
m -s pdf
cp build/main.log first.log
m -s pdf
cmp first.log build/main.log
printf "unchanged input: TeX engine skipped\n"
printf "Changed discovered chapter.\n" > sections/intro.tex
m -s pdf
pdftotext build/main.pdf text.txt
grep -q 'Changed discovered chapter.' text.txt
printf "changed input: PDF updated\n"
m -n watch > watch-command.txt
grep -q -- '-pvc main.tex' watch-command.txt
printf "watch command checked without starting a watcher\n"
#+end_src

** MAK-14-004 | Resolve a classic BibTeX bibliography
:PROPERTIES:
:CUSTOM_ID: MAK-14-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-004-makefile
:END:

List the .bib database as a prerequisite and let latexmk choose the BibTeX and TeX passes. The sample cites a fictional book defined in references.bib. The driver checks the .bbl, the final PDF text and the absence of unresolved citations in the final TeX log. When using a local .bst file, add it to the prerequisites too. Run: make all.

#+name: MAK-14-004-makefile
#+begin_src makefile :tangle generated/MAK-14-004.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all
all: build/main.pdf
build/main.pdf: main.tex references.bib | build
	@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build:
	@mkdir -p $@
#+end_src

#+name: MAK-14-004
#+begin_src bash :noweb yes :tangle generated/MAK-14-004.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_82_1'
\documentclass{article}
\begin{document}
This fictional example cites a notebook~\cite{bossert2026}.
\bibliographystyle{plain}
\bibliography{references}
\end{document}
INPUT_82_1
cat > references.bib <<'INPUT_82_2'
@book{bossert2026,
  author = {Lukas C. Bossert},
  title = {A Small Build Notebook},
  year = {2026},
  publisher = {Tour Examples}
}
INPUT_82_2
cat > Makefile <<'MAKEFILE'
<<MAK-14-004-makefile>>
MAKEFILE
m -s all
test -s build/main.bbl
grep -q 'bossert2026' build/main.bbl
pdftotext build/main.pdf text.txt
grep -q 'Small Build Notebook' text.txt
if grep -Eq 'undefined citations|Citation .* undefined' build/main.log; then exit 1; fi
m -q all
printf "BibTeX bibliography resolved and PDF verified\n"
#+end_src

** MAK-14-005 | Use biblatex and Biber, then update a citation
:PROPERTIES:
:CUSTOM_ID: MAK-14-005
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-005-makefile
:END:

With biblatex configured for backend=biber, latexmk detects and runs Biber automatically. Do not also run BibTeX on the same auxiliary data. The driver builds a real citation, changes the database title and verifies the revised reference in the PDF. This example needs compatible biblatex and Biber installations, normally supplied together by a TeX distribution. The bibliography entry is fictional.

#+name: MAK-14-005-makefile
#+begin_src makefile :tangle generated/MAK-14-005.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all
all: build/main.pdf
build/main.pdf: main.tex references.bib | build
	@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build:
	@mkdir -p $@
#+end_src

#+name: MAK-14-005
#+begin_src bash :noweb yes :tangle generated/MAK-14-005.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_83_1'
\documentclass{article}
\usepackage[backend=biber,style=numeric]{biblatex}
\addbibresource{references.bib}
\begin{document}
This fictional example cites a notebook~\cite{bossert2026}.
\printbibliography
\end{document}
INPUT_83_1
cat > references.bib <<'INPUT_83_2'
@book{bossert2026,
  author = {Lukas C. Bossert},
  title = {A Small Build Notebook},
  year = {2026},
  publisher = {Tour Examples}
}
INPUT_83_2
cat > Makefile <<'MAKEFILE'
<<MAK-14-005-makefile>>
MAKEFILE
m -s all
test -s build/main.bcf
test -s build/main.bbl
grep -q 'bossert2026' build/main.bbl
pdftotext build/main.pdf first.txt
grep -q 'Small Build Notebook' first.txt
printf "Biber citation resolved\n"
sed 's/Small Build Notebook/Revised Build Notebook/' references.bib > references.bib.tmp
mv references.bib.tmp references.bib
touch -t 202001010101 main.tex build/main.pdf
touch -t 202101010101 references.bib
m -s all
pdftotext build/main.pdf revised.txt
grep -q 'Revised Build Notebook' revised.txt
if grep -Eq 'undefined citations|Please .*run Biber' build/main.log; then exit 1; fi
printf "changed bibliography appears in the PDF\n"
#+end_src

** MAK-14-006 | Build a gnuplot figure before the document
:PROPERTIES:
:CUSTOM_ID: MAK-14-006
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-006-makefile
:END:

Make owns the graph data.tsv -> figures/chart.pdf -> build/main.pdf. gnuplot uses the pdfcairo terminal; graphicx includes that generated PDF without TeX shell escape. Both the data and plotting script are prerequisites of the figure. The driver changes one value and verifies that the figure and document really rebuild. Keep generated figures as file targets so unchanged ones can be reused. Run: make all.

#+name: MAK-14-006-makefile
#+begin_src makefile :tangle generated/MAK-14-006.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all
all: build/main.pdf
figures/chart.pdf: data.tsv plot.gp | figures
	@printf "generate PDF figure\n"
	@gnuplot plot.gp
build/main.pdf: main.tex figures/chart.pdf | build
	@printf "compile document with figure\n"
	@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build figures:
	@mkdir -p $@
#+end_src

#+name: MAK-14-006
#+begin_src bash :noweb yes :tangle generated/MAK-14-006.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_84_1'
\documentclass{article}
\usepackage{graphicx}
\begin{document}
\section*{Measured values}
\includegraphics[width=0.8\linewidth]{figures/chart.pdf}
\end{document}
INPUT_84_1
cat > data.tsv <<'INPUT_84_2'
1 2
2 4
3 3
INPUT_84_2
cat > plot.gp <<'INPUT_84_3'
set terminal pdfcairo size 5in,3in
set output 'figures/chart.pdf'
set xlabel 'Sample'
set ylabel 'Value'
set yrange [0:6]
plot 'data.tsv' using 1:2 with linespoints title 'Measurements'
INPUT_84_3
cat > Makefile <<'MAKEFILE'
<<MAK-14-006-makefile>>
MAKEFILE
m -s all
m -q all
cp figures/chart.pdf first-chart.pdf
printf "1 2\n2 5\n3 3\n" > data.tsv
touch -t 202001010101 plot.gp main.tex figures/chart.pdf build/main.pdf
touch -t 202101010101 data.tsv
m -s all
if cmp -s first-chart.pdf figures/chart.pdf; then exit 1; fi
pdftotext build/main.pdf text.txt
grep -q 'Measured values' text.txt
grep -q 'Measurements' text.txt
printf "updated figure and document verified\n"
#+end_src

** MAK-14-007 | Generate a LaTeX table from data with AWK
:PROPERTIES:
:CUSTOM_ID: MAK-14-007
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-007-makefile
:END:

A generated table is a normal prerequisite of the PDF. The AWK recipe emits rows for a tabular environment, writes a temporary sibling and renames it on success. $$1 and $$2 survive Make expansion as AWK field references. This fixture accepts only plain alphabetic labels and integer values; arbitrary text needs LaTeX escaping. The driver changes books from 4 to 7 and checks both the table source and PDF text.

#+name: MAK-14-007-makefile
#+begin_src makefile :tangle generated/MAK-14-007.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all
all: build/main.pdf
tables/rows.tex: data.tsv | tables
	@printf "generate table rows\n"
	@awk '{printf "%s & %d \\\\\n", $$1, $$2}' $< > $@.tmp && mv $@.tmp $@
build/main.pdf: main.tex tables/rows.tex | build
	@printf "compile document with table\n"
	@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build tables:
	@mkdir -p $@
#+end_src

#+name: MAK-14-007
#+begin_src bash :noweb yes :tangle generated/MAK-14-007.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_85_1'
\documentclass{article}
\begin{document}
\section*{Stock counts}
\begin{tabular}{lr}
Item & Count \\
\hline
\input{tables/rows}
\end{tabular}
\end{document}
INPUT_85_1
cat > data.tsv <<'INPUT_85_2'
books 4
pens 2
INPUT_85_2
cat > Makefile <<'MAKEFILE'
<<MAK-14-007-makefile>>
MAKEFILE
m -s all
m -q all
printf "books 7\npens 2\n" > data.tsv
touch -t 202001010101 main.tex tables/rows.tex build/main.pdf
touch -t 202101010101 data.tsv
m -s all
grep -Fq 'books & 7 \\' tables/rows.tex
pdftotext -layout build/main.pdf text.txt
grep -Eq 'books[[:space:]]+7' text.txt
printf "edited data appears in the table and PDF\n"
#+end_src

** MAK-14-008 | Keep draft and final builds in separate directories
:PROPERTIES:
:CUSTOM_ID: MAK-14-008
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-008-makefile
:END:

draft.tex defines DraftVersion and both wrappers input main.tex. The pattern rule uses the stem ($*) to choose a wrapper, a separate output directory ($(@D)) for each variant, and jobname=main for a consistent PDF filename. Auxiliary state is never shared between draft and final. The driver inspects both PDFs, then confirms that make -q all is current. Run: make draft, make final or make all.

#+name: MAK-14-008-makefile
#+begin_src makefile :tangle generated/MAK-14-008.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all draft final
all: draft final
draft: build/draft/main.pdf
final: build/final/main.pdf
build/%/main.pdf: %.tex main.tex
	@mkdir -p $(@D)
	@$(LATEXMK) $(FLAGS) -outdir=$(@D) -jobname=main $*.tex > $(@D)/latexmk.log 2>&1 || \
	  { cat $(@D)/latexmk.log >&2; exit 1; }
#+end_src

#+name: MAK-14-008
#+begin_src bash :noweb yes :tangle generated/MAK-14-008.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > draft.tex <<'INPUT_86_1'
\def\DraftVersion{1}
\input{main}
INPUT_86_1
cat > final.tex <<'INPUT_86_2'
\input{main}
INPUT_86_2
cat > main.tex <<'INPUT_86_3'
\documentclass{article}
\begin{document}
\ifdefined\DraftVersion
Draft version: comments are visible.
\else
Final version: ready for readers.
\fi
\end{document}
INPUT_86_3
cat > Makefile <<'MAKEFILE'
<<MAK-14-008-makefile>>
MAKEFILE
m -s all
pdftotext build/draft/main.pdf draft.txt
pdftotext build/final/main.pdf final.txt
grep -q 'Draft version: comments are visible.' draft.txt
grep -q 'Final version: ready for readers.' final.txt
test -s build/draft/main.aux
test -s build/final/main.aux
m -q all
printf "draft and final PDFs have independent auxiliary state\n"
#+end_src

** MAK-14-009 | Track project compiler settings and resolve references
:PROPERTIES:
:CUSTOM_ID: MAK-14-009
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-009-makefile
:END:

Put project settings in a versioned latexmkrc and load it explicitly with -norc -r. List the settings file as a prerequisite so editing it schedules another build. The Perl %O and %S placeholders are latexmk command substitutions. This document contains a section reference; latexmk performs the passes needed to resolve it. The driver checks the final PDF and rejects unresolved-reference warnings.

#+name: MAK-14-009-makefile
#+begin_src makefile :tangle generated/MAK-14-009.mk :mkdirp yes
LATEXMK ?= latexmk
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all
all: build/main.pdf
build/main.pdf: main.tex latexmkrc | build
	@$(LATEXMK) -norc -r latexmkrc -pdf -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build:
	@mkdir -p $@
#+end_src

#+name: MAK-14-009
#+begin_src bash :noweb yes :tangle generated/MAK-14-009.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_87_1'
\documentclass{article}
\begin{document}
\section{Introduction}\label{sec:intro}
See section~\ref{sec:intro}.
\end{document}
INPUT_87_1
cat > latexmkrc <<'INPUT_87_2'
$pdflatex = 'pdflatex -no-shell-escape -interaction=nonstopmode -halt-on-error %O %S';
$max_repeat = 5;
INPUT_87_2
cat > Makefile <<'MAKEFILE'
<<MAK-14-009-makefile>>
MAKEFILE
m -s all
pdftotext build/main.pdf text.txt
grep -q 'See section 1.' text.txt
if grep -Eq 'undefined references|Reference .* undefined' build/main.log; then exit 1; fi
m -q all
printf "project settings loaded; section reference resolved\n"
#+end_src

** MAK-14-010 | Build independent documents in parallel
:PROPERTIES:
:CUSTOM_ID: MAK-14-010
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-010-makefile
:END:

Each document gets its own directory and log, so make -j2 can build both without colliding auxiliary filenames. The list functions produce build/article/main.pdf and build/notes/main.pdf; the pattern rule chooses article.tex or notes.tex using $*. Shared generated assets must be declared as prerequisites before adding them. The driver verifies both PDFs and reports a fixed result after both jobs finish.

#+name: MAK-14-010-makefile
#+begin_src makefile :tangle generated/MAK-14-010.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
DOCS := article notes
PDFS := $(addsuffix /main.pdf,$(addprefix build/,$(DOCS)))
.PHONY: all
all: $(PDFS)
build/%/main.pdf: %.tex
	@mkdir -p $(@D)
	@$(LATEXMK) $(FLAGS) -outdir=$(@D) -jobname=main $< > $(@D)/latexmk.log 2>&1 || \
	  { cat $(@D)/latexmk.log >&2; exit 1; }
#+end_src

#+name: MAK-14-010
#+begin_src bash :noweb yes :tangle generated/MAK-14-010.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > article.tex <<'INPUT_88_1'
\documentclass{article}
\begin{document}
An independent article.
\end{document}
INPUT_88_1
cat > notes.tex <<'INPUT_88_2'
\documentclass{article}
\begin{document}
Independent working notes.
\end{document}
INPUT_88_2
cat > Makefile <<'MAKEFILE'
<<MAK-14-010-makefile>>
MAKEFILE
m -s -j2 all
pdftotext build/article/main.pdf article.txt
pdftotext build/notes/main.pdf notes.txt
grep -q 'An independent article.' article.txt
grep -q 'Independent working notes.' notes.txt
test -s build/article/main.aux
test -s build/notes/main.aux
m -q all
printf "two independent PDFs built with -j2\n"
#+end_src

** MAK-14-011 | Clean auxiliaries while keeping the PDF
:PROPERTIES:
:CUSTOM_ID: MAK-14-011
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-011-makefile
:END:

latexmk -c removes regenerable auxiliary files while keeping the final PDF. This project puts all generated document files in build/, so distclean can remove that owned directory. Neither goal deletes main.tex or source figures. The driver checks that clean keeps the PDF, distclean removes build/ and a subsequent build works. Do not place authoritative source files in the disposable build directory.

#+name: MAK-14-011-makefile
#+begin_src makefile :tangle generated/MAK-14-011.mk :mkdirp yes
LATEXMK ?= latexmk
FLAGS := -norc -pdf -no-shell-escape
FLAGS += -interaction=nonstopmode -halt-on-error
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
.PHONY: all clean distclean
all: build/main.pdf
build/main.pdf: main.tex | build
	@$(LATEXMK) $(FLAGS) -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build:
	@mkdir -p $@
clean:
	@$(LATEXMK) -norc -c -outdir=build main.tex > cleanup.log 2>&1 || \
	  { cat cleanup.log >&2; exit 1; }
distclean: clean
	@rm -rf -- build
#+end_src

#+name: MAK-14-011
#+begin_src bash :noweb yes :tangle generated/MAK-14-011.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_89_1'
\documentclass{article}
\begin{document}
Hello from a Make-built document.
\end{document}
INPUT_89_1
cat > Makefile <<'MAKEFILE'
<<MAK-14-011-makefile>>
MAKEFILE
m -s all
test -s build/main.aux
m -s clean
test -s build/main.pdf
test ! -e build/main.aux
test -s main.tex
printf "clean: PDF and source retained\n"
m -s distclean
test ! -e build
test -s main.tex
printf "distclean: generated directory removed, source retained\n"
m -s all
test -s build/main.pdf
printf "document rebuilt after cleanup\n"
#+end_src

** MAK-14-012 | Package sources and verify a fresh rebuild
:PROPERTIES:
:CUSTOM_ID: MAK-14-012
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: MAK-14-012-makefile
:END:

Archive the Makefile, document, included chapter and compiler settings explicitly. The package goal first verifies the local PDF build; auxiliary caches and local output directories are excluded from the source archive. The driver unpacks into another fresh directory and builds there with make -C, checking the resulting PDF text. Add real bibliography, class/style and figure inputs to the archive list when needed. This is a source package for collaborators with the documented tools installed, not a claim of byte-identical PDFs across TeX distributions.

#+name: MAK-14-012-makefile
#+begin_src makefile :tangle generated/MAK-14-012.mk :mkdirp yes
LATEXMK ?= latexmk
.DELETE_ON_ERROR:
.DEFAULT_GOAL := all
SOURCES := Makefile main.tex sections/intro.tex latexmkrc
.PHONY: all package
all: build/main.pdf
build/main.pdf: main.tex sections/intro.tex latexmkrc | build
	@$(LATEXMK) -norc -r latexmkrc -pdf -outdir=build main.tex > build/latexmk.log 2>&1 || \
	  { cat build/latexmk.log >&2; exit 1; }
build dist:
	@mkdir -p $@
package: dist/paper-source.tar.gz
dist/paper-source.tar.gz: $(SOURCES) build/main.pdf | dist
	@tar -czf $@ $(SOURCES)
#+end_src

#+name: MAK-14-012
#+begin_src bash :noweb yes :tangle generated/MAK-14-012.sh :mkdirp yes
#!/usr/bin/env bash
set -euo pipefail
unset MAKEFLAGS MFLAGS GNUMAKEFLAGS
make_bin=$(command -v gmake || command -v make)
m() { "$make_bin" --no-print-directory -rR "$@"; }
work_dir=$(mktemp -d)
if [ "${KEEP_WORK:-0}" = 1 ]; then
  trap 'printf "Artifacts: %s\n" "$work_dir"' EXIT
else
  trap 'rm -rf -- "$work_dir"' EXIT
fi
cd "$work_dir"
export TMPDIR="$work_dir"
cat > main.tex <<'INPUT_90_1'
\documentclass{article}
\begin{document}
\input{sections/intro}
\end{document}
INPUT_90_1
mkdir -p sections
cat > sections/intro.tex <<'INPUT_90_2'
A document rebuilt from its source package.
INPUT_90_2
cat > latexmkrc <<'INPUT_90_3'
$pdflatex = 'pdflatex -no-shell-escape -interaction=nonstopmode -halt-on-error %O %S';
$max_repeat = 5;
INPUT_90_3
cat > Makefile <<'MAKEFILE'
<<MAK-14-012-makefile>>
MAKEFILE
m -s package
tar -tzf dist/paper-source.tar.gz
mkdir unpack
tar -xzf dist/paper-source.tar.gz -C unpack
test ! -e unpack/build
m -s -C unpack all
pdftotext unpack/build/main.pdf text.txt
grep -q 'A document rebuilt from its source package.' text.txt
printf "unpacked sources build a verified PDF\n"
#+end_src

* Build and verification
:PROPERTIES:
:GUIDE_ROLE: maintainer
:END:
The authoritative source is make-tour.org. The shared publisher uses Org Babel
Noweb to insert each named Makefile into its Bash reproducer. The Makefile is
defined once. Ordinary rendering reads verified prepared results without running
the demonstrations. Explicit preparation is governed by execution-policy.json.

From this repository: make full prepares reviewed examples and renders both
formats. make check validates output hashes, anchors and PDF attachments.
make verify compares all captured outputs with hand-authored expectations.
make publish checks, stages and packages the guide. make deploy uploads this
tour; make collection builds the complete overview and all registered tours.
See README.md for prerequisites, examples and the complete workflow.

* 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.
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# 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,
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under [Creative Commons Attribution 4.0 International](https://creativecommons.org/licenses/by/4.0/).
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Full legal text: [LICENSES/CC-BY-4.0.txt](LICENSES/CC-BY-4.0.txt).
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=======================================================================
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.
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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.


