
A VISUAL REFERENCE ·  ROOT&SHAPE

ROOT&SHAPE
Explain the program. Rebuild the result.

ROOT the tools. SHAPE the workflow. 

Follow one fictional research question from a raw TSV to checked means, a native figure and a readable report. Eight chapters connect 32
executable stations. The literary source owns the programs; the raw data and independent expectations have separate, explicit roles. 

Last changes: 2026-11-01. First complete edition: 32 real experiments, native Org tangling, AWK checks, gnuplot figures, parallel GNU Make, provenance
and HTML/PDF reports. 

32
worked examples

8
topic families

1
canonical Org source
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READING THE TOUR

Four views of one explained program

Read

Follow the question, assumptions and named
literary fragment. A learning goal and a
concrete decision accompany every station. 

Source and Tangled

Open the complete Org source used for that
experiment. Inspect or download the actual
extracted programs; helper blocks are not
duplicate files. 

Result

Compare captured native output, tables and
figures. Download the source-only project or
repeat a station from its complete experiment
bundle. 

Each station runs in a fresh private project copy. Baseline inputs are never edited by the build. Source views in change experiments intentionally
show that experiment’s changed source; each repeatable station bundle begins from the canonical baseline. Setup commands appear in the
complete runnable example. 
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ROOT the tools. SHAPE the workflow.

R — Robust: validate before accepting a handover; retain NA and real zero distinctly; fail with a useful diagnostic.

O — Open: readable Org, TSV, AWK, Make and gnuplot sources, plus independently usable programs and open output formats.

O — Ongoing: change a question, input or explanation together with the justified expectations and rebuild its consequences.

T — Time-tested: use established tools consciously and document the actual versions and prerequisites.

S — Structure stages: give the scientific processing steps clear tasks.

H — Harmonize handovers: agree on formats, columns, units, missing values and interfaces.

A — Automate actions: make the agreed workflow executable with explicit dependencies.

P — Propagate provenance: connect sources, transformations and results with evidence.

E — Evaluate explicitly: formulate expected behavior and check concrete cases.

SHAPE describes five design perspectives across the workflow. These letters do not prescribe five execution steps. The actual dependency graph is

shown below. 

• 

• 

• 

• 

• 

• 

• 

• 

• 

One question. Explicit handovers. Checked evidence.

Raw TSV Validate Classify Select Summarize Check

Figure Provenance Report

independent input well-formed records disjoint categories usable values census + means reference + edges

SVG + PDF hashes + calls HTML + PDF

census of every group

SHAPE is a set of design perspectives across this graph, not five execution steps.
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Build and download the study

Download the standalone source-only project ZIP or sources plus captured reference results. Open the actual reference HTML report, reference PDF

report, provenance JSON, or native SVG figure. 

With the documented prerequisites installed, extract the project, enter its folder, and run python3 build.py all --jobs 4. Then run python3 build.py

verify. Inside this tour checkout, make example selects the existing publisher Python. make full prepares the reviewed 32 stations and publishes this

tour locally. 

Requirements: Python 3.10+ with the supplied requirements.txt installed; batch Emacs with Org; AWK with /dev/stderr support; gnuplot with svg

and pdfcairo; GNU Make 4.3+ (gmake is preferred, otherwise make is verified). No build uses a network connection, account, Doom configuration or

personal Emacs init file. Installing prerequisites is a separate setup step, as in the rest of this collection. 

Generated files stay below build/. The maintained bootstrap owns first-time tangling; the generated workflow never needs to create itself. Make

targets separate results, check, figure, provenance and report. A working Org report copy receives the table; the maintained research.org is

unchanged. Unchanged rebuilds run no scientific stage. Verification checks recorded identities rather than claiming universal cross-platform PDF or

SVG byte identity. 
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Foundations and primary references

The Org tour’s Babel chapter, tangling example, named-fragment example and tangle-only noweb example cover the mechanics. This tour

concentrates on the design of a complete explained program. Continue with the AWK, GNU Make and gnuplot tours for individual tools. 

Donald E. Knuth: Literate Programming — explain the program in a useful reading order, then extract its computational structure.

Org manual: Extracting Source Code — tangling named program text.

Org manual: Noweb Reference Syntax — textual references, evaluation calls and expansion contexts.

Org manual: Exporting Code Blocks — controlling the published representation.

Schulte et al. (2012), A Multi-Language Computing Environment for Literate Programming and Reproducible Research, DOI 10.18637/

jss.v046.i03 — explanation and executable research in Org.

Norman Ramsey: noweb guide — the separate noweb system. Org’s noweb reference syntax is not a dependency on the standalone noweb

executable; this project requires no noweb installation.

Explanations, programs, expectations and fictional data are original teaching material. The references support the method and tool semantics; no

research measurements or quoted passages are reused. 

• 

• 

• 

• 

• 

• 
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01 - Start with the question

Name the scientific transformations before choosing commands. ROOT — Open is evidenced by a separate, inspectable raw TSV; SHAPE — Structure stages is

evidenced by the six explicit handovers. 

Chapter focus: Structure stages. 

RSH-01-001

Define the denominator
Learning goal: distinguish all collected records from measurements that can estimate a mean. The question is “What is the mean usable value in each fictional
measurement group?” Values use arbitrary units (a.u.); this is a teaching dataset, not an empirical claim. Count the raw rows first: each group has five records, but
five will not be the denominator of either mean.

Decide the stages explicitly: raw input → validation → classification/selection → group summary → figure → explanatory report. Validation establishes whether a
record is well formed; selection decides whether a well-formed record is scientifically usable. A rejected row still contributes to the census. The observed A/B totals
below are the first evidence for that distinction.

Code

awk -F '\t' 'NR>1 {n[$2]++} END {print "A",n["A"]; print "B",n["B"]}' data/
measurements.tsv

Actual output

Captured run · exit 0

A 5
B 5

Download: Driver only · RSH-01-001.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: console/source above · Result: console/source above

Read · summary-program

#+begin_src awk :tangle programs/summarize.awk :mkdirp yes :noweb tangle
<<summarize-by-group>>
<<ordered-groups>>
#+end_src
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RSH-01-002

Keep the raw input independent
Learning goal: identify a file’s ownership before changing it. The complete input below is a maintained TSV, with real tab separators and one exact header. It is
never generated from the explanation or overwritten by the build. The ten identifiers let us trace an observation through the handovers.

A03 and B04 are missing; A04 is a measured zero. A05 and B05 have invalid quality status. Do not delete those rows to obtain a convenient mean: retaining them
allows the final table to explain exclusions. Every station runs in a fresh private copy of this project, so later edits remain experiments. Exercise: find the row whose
accidental truth-value test would lose a legitimate observation; it is A04.

Compare with RSH-01-001 · Define the denominator.

Code

cat data/measurements.tsv

Actual output

Captured run · exit 0

sample_id group value status
A01 A 10 valid
A02 A 20 valid
A03 A NA valid
A04 A 0 valid
A05 A 100 invalid
B01 B 5 valid
B02 B 15 valid
B03 B 25 valid
B04 B NA valid
B05 B 40 invalid

Download: Driver only · RSH-01-002.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: console/source above · Result: console/source above
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Read · analysis-contract

#+begin_src json :tangle no :noweb tangle
{
  "units": "a.u.",
  "missing": "NA",
  "status": [
    "valid",
    "invalid"
  ],
  "exclusion_priority": [
    "invalid",
    "NA"
  ],
  "locale": "C",
  "output_order": "ASCII group ascending",
  "number_format": "finite decimal/scientific; abs(value)<=1000000",
  "mean_format": "two decimal places; NA when n_used=0",
  "empty_input": "zero bytes: error 2; header only: no groups"
}
#+end_src
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RSH-01-003

Work out the reference by hand
Learning goal: author an expectation before trusting a larger pipeline. For A, the usable values are 10, 20 and 0: sum 30, denominator 3, mean 10.00. For B, 5, 15
and 25 give sum 45, denominator 3, mean 15.00. The small independent AWK calculation below makes that arithmetic visible; the maintained expected-
summary.tsv records the full expected table separately from the generated programs.

This first calculation assumes the supplied fixture is valid. It is not yet a general input validator. Its intentionally narrow role is to establish an oracle that the
complete program must match. Exercise: counting A03 as zero would change the denominator to four and the mean to 7.50; that is a changed scientific
assumption, not a formatting change.

Compare with RSH-01-002 · Keep the raw input independent.

Code

awk -F '\t' 'NR>1 && $4=="valid" && $3!="NA" {s[$2]+=$3; n[$2]++} END {split("A B",g," 
"); for(i=1;i<=2;i++) printf "%s: %.0f / %d = %.2f\n",g[i],s[g[i]],n[g[i]],s[g[i]]/
n[g[i]]}' data/measurements.tsv

Actual output

Captured run · exit 0

A: 30 / 3 = 10.00
B: 45 / 3 = 15.00

Download: Driver only · RSH-01-003.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: console/source above · Result: expected-summary.tsv

Read · summarize-by-group

#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
FILENAME==ARGV[1] {
 if (FNR==1) next
 g=$2
 if (!(g in total)) groups[++ng]=g
 total[g]++
 if ($4=="missing") missing[g]++
 if ($4=="rejected") rejected[g]++
 next
}
FILENAME==ARGV[2] {
 if (FNR==1) next
 g=$2
 used[g]++; sum[g]+=$3
}
#+end_src
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RSH-01-004

Observe the complete data path
Learning goal: connect the reference arithmetic to explicit intermediate files. The results target runs validation, classification, selection and summary, leaving all four
TSV handovers available. The final census is five per group, with three used, one missing and one rejected. The six-column table is an interface used unchanged by
checks, gnuplot and the report.

The program enforces n_total = n_used + n_missing + n_rejected. Classification happens before selection so exclusions remain countable after unusable rows have
disappeared from the three-column usable file. The full build will later add checks, figure, provenance and report; this station deliberately stops at the scientific
result. Exercise: inspect usable.tsv and confirm that A04 survives while A03 does not.

Compare with RSH-01-003 · Work out the reference by hand.

Code

python3 build.py results --jobs 4
cat build/results/summary.tsv

Actual output

Captured run · exit 0

build: results; actions: validate,classify,select,summarize
group n_total n_used n_missing n_rejected mean
A 5 3 1 1 10.00
B 5 3 1 1 15.00

Download: Driver only · RSH-01-004.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: summarize.awk · Result: usable.tsv · summary.tsv
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Read · workflow

#+begin_src makefile :tangle no :noweb tangle
.DEFAULT_GOAL := all
.RECIPEPREFIX := >
.DELETE_ON_ERROR:
.SUFFIXES:
PYTHON ?= python3
AWK ?= awk
RUN = $(PYTHON) build/tools/pipeline.py
.PHONY: all results check figure provenance report
all: report
results: build/results/summary.tsv
check: build/checks.json
figure: build/results/figure.svg build/results/figure.pdf
provenance: build/provenance.json
report: build/site/index.html build/site/report.pdf
build/results/validated.tsv: data/measurements.tsv build/raw.sha256 build/environment.json build/programs/validate.awk build/tools/pipeline.py
>@$(RUN) stage validate $(AWK)
build/results/classified.tsv: build/results/validated.tsv build/programs/classify.awk build/tools/pipeline.py
>@$(RUN) stage classify $(AWK)
build/results/usable.tsv: build/results/classified.tsv build/programs/select.awk build/tools/pipeline.py
>@$(RUN) stage select $(AWK)
build/results/summary.tsv: build/results/classified.tsv build/results/usable.tsv build/programs/summarize.awk build/tools/pipeline.py
>@$(RUN) stage summarize $(AWK)
build/checks.json: build/results/summary.tsv tests/expected-summary.tsv tests/cases.json $(wildcard tests/fixtures/*.tsv) $(wildcard build/programs/*.awk) build/tools/pipeline.py
>@$(RUN) check $(AWK)
build/results/figure.svg build/results/figure.pdf &: build/results/summary.tsv build/checks.json build/programs/plot.gp build/tools/pipeline.py
>@$(RUN) plot
build/provenance.json: build/results/figure.svg build/results/figure.pdf build/checks.json build/source.json build/environment.json build/invocation.json build/tangle.json $(wildcard 
build/programs/*) build/workflow.mk build/tools/pipeline.py
>@$(RUN) provenance
build/site/index.html build/site/report.pdf &: build/provenance.json build/programs/report-template.org build/programs/report.css build/tools/pipeline.py bootstrap.el
>@$(RUN) report
#+end_src
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02 - Give ideas a name

Name ideas so that explanation can follow the reader rather than the interpreter. ROOT — Ongoing is evidenced by a section-reordering experiment with equal

program hashes. SHAPE — Structure stages is evidenced by separately named validation, classification, selection, summary and reporting fragments. 

Chapter focus: Structure stages and Ongoing. 

RSH-02-001

Start from a small working calculation
Learning goal: recognize the limit of a short, functional script before splitting it into named ideas. The initial calculation combines eligibility, accumulation and
presentation in one expression. It already includes measured zero because it tests the missing marker explicitly. It gives the reference means, but says little about
malformed input, exclusions or the provenance of those numbers.

Literate programming adds an explained program structure rather than replacing working code with prose. We keep this tiny script as a comparison, then give
validation, selection, summary and reporting their own fragments. Do not extend this shorthand into the final validator: a duplicate ID or unknown status must be
an error. Exercise: identify which three responsibilities share one line here, then locate their names in research.org.

Code

awk -F '\t' 'NR>1 && $4=="valid" && $3!="NA" {sum[$2]+=$3; used[$2]++} END {split("A 
B",g," "); for(i=1;i<=2;i++) printf "%s\t%d\t%.2f\n",g[i],used[g[i]],sum[g[i]]/
used[g[i]]}' data/measurements.tsv

Actual output

Captured run · exit 0

A 3 10.00
B 3 15.00

Download: Driver only · RSH-02-001.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: console/source above · Result: console/source above

Read · summary-program

#+begin_src awk :tangle programs/summarize.awk :mkdirp yes :noweb tangle
<<summarize-by-group>>
<<ordered-groups>>
#+end_src
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RSH-02-002

Give the summary a readable skeleton
Learning goal: distinguish a textual reference from a computation. This master block says what the summary program contains: summarize-by-group followed by
ordered-groups. Both expand other named fragments. report-exclusions is explained early in the document because the output contract helps the reader, although
its code runs inside END after every row has been read.

The master uses :noweb tangle, so extraction expands <<fragment>> while publication can show the reference. Helpers use :tangle no to avoid a second top-level
copy of their code. Org’s <<fragment()>> form evaluates a block and inserts its result; this project uses no evaluated noweb calls. Follow the linked Org-tour
foundations for Babel mechanics; here the important decision is how names connect the scientific explanation to an actual standalone program.

Compare with RSH-02-001 · Start from a small working calculation.

Code

python3 ../tools/stations.py fragment summary-program

Actual output

Captured run · exit 0

<<summarize-by-group>>
<<ordered-groups>>

Download: Driver only · RSH-02-002.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: console/source above · Result: console/source above

Read · summary-program

#+begin_src awk :tangle programs/summarize.awk :mkdirp yes :noweb tangle
<<summarize-by-group>>
<<ordered-groups>>
#+end_src
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RSH-02-003

Reorder the explanation without changing the program
Learning goal: demonstrate that reader order and program order are independent. The experiment moves the complete Count every exclusion and Validate before
publishing sections, including their named blocks. It changes the literary source, retangles it and compares SHA-256 values for all ten generated files. The
references and their order inside master blocks stay unchanged.

Equal hashes are a concrete, local claim about this experiment. Moving text inside a fragment, renaming a referenced fragment or changing master-reference order
could change the program. Exercise: put validation first for a new audience, then perform the same comparison. This is Ongoing in practice: reorganize an
explanation without accidentally changing the computation. The Source view for this station contains the reordered source actually used, while the download bundle
starts from the canonical baseline and repeats the experiment.

Compare with RSH-02-002 · Give the summary a readable skeleton.

Code

python3 ../tools/stations.py reorder

Actual output

Captured run · exit 0

Reader sections reordered: Count every exclusion / Validate before publishing
Tangled file hashes unchanged: 10/10

Download: Driver only · RSH-02-003.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: summarize.awk · Result: tangle.json

Read · summary-program

#+begin_src awk :tangle programs/summarize.awk :mkdirp yes :noweb tangle
<<summarize-by-group>>
<<ordered-groups>>
#+end_src
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RSH-02-004

Check expansion and single ownership
Learning goal: verify what tangling actually produced. Ten master targets own ten output files: four AWK programs, a gnuplot program, the contract, report
template, stylesheet, Makefile and Python execution/provenance helper. The helper fragments produce no separate files. The generated AWK files must contain no
unresolved textual references, and the validator’s fail function must appear exactly once.

The assertions below inspect the generated bytes, not a parallel handwritten listing. This catches a common mistake: giving both a helper and its containing master
the same tangle target, which appends duplicate code. Exercise: compare the validator master with its two helpers in the full source. Keep the helper’s :tangle no
even when moving its explanatory section. Open means the resulting AWK program remains readable and usable independently of Org.

Compare with RSH-02-003 · Reorder the explanation without changing the program.

Code

python3 ../tools/stations.py identities

Actual output

Captured run · exit 0

10 master targets; helper fragments: :tangle no
Unexpanded references: 0; validation function definitions: 1

Download: Driver only · RSH-02-004.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: validate.awk · Result: tangle.json

Read · validate-program

#+begin_src awk :tangle programs/validate.awk :mkdirp yes :noweb tangle
<<validation-setup>>
<<validate-input>>
#+end_src
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03 - Agree on the handovers

Write the contract at each boundary: field names, types, units, order and missing values. SHAPE — Harmonize handovers is evidenced by contract.json and two

deliberately different treatments of the same invalid/NA record. These perspectives apply across stages, not as a five-step execution sequence. 

Chapter focus: Harmonize handovers. 

RSH-03-001

Publish the data contract
Learning goal: make implicit conventions inspectable. contract.json is tangled from the same explanation as the programs. Raw TSV has exactly sample_id, group,
value and status; IDs are unique ASCII identifiers and groups are uppercase ASCII codes. Values are finite decimal or scientific notation in a.u., within ±1000000.
NA alone denotes missingness; valid and invalid are the only quality states.

The build fixes LC_ALL=C, decimal points and ASCII group order; means use two decimals. A zero-byte input is a status-2 error because even the schema is absent.
A header-only file is valid, contains no groups and yields only a summary header. Groups with no usable measurements retain their census and mean NA. Exercise:
explain why a blank value or the word missing is rejected rather than silently converted to zero.

Code

cat build/programs/contract.json

Actual output

Captured run · exit 0

{
  "units": "a.u.",
  "missing": "NA",
  "status": [
    "valid",
    "invalid"
  ],
  "exclusion_priority": [
    "invalid",
    "NA"
  ],
  "locale": "C",
  "output_order": "ASCII group ascending",
  "number_format": "finite decimal/scientific; abs(value)<=1000000",
  "mean_format": "two decimal places; NA when n_used=0",
  "empty_input": "zero bytes: error 2; header only: no groups"
}

Download: Driver only · RSH-03-001.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: contract.json · Result: console/source above
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Read · analysis-contract

#+begin_src json :tangle no :noweb tangle
{
  "units": "a.u.",
  "missing": "NA",
  "status": [
    "valid",
    "invalid"
  ],
  "exclusion_priority": [
    "invalid",
    "NA"
  ],
  "locale": "C",
  "output_order": "ASCII group ascending",
  "number_format": "finite decimal/scientific; abs(value)<=1000000",
  "mean_format": "two decimal places; NA when n_used=0",
  "empty_input": "zero bytes: error 2; header only: no groups"
}
#+end_src
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RSH-03-002

Replace missingness with an observed zero
Learning goal: observe the consequence of a changed input meaning. In this isolated copy, A03 changes from NA to the real value 0. The raw baseline in the
downloadable canonical project stays unchanged. Rebuilding through results gives A four usable observations, zero missing, one rejected and mean 7.50. B is
unchanged.

This edit does not change the exclusion rule: A04 was already a real zero and remains used. The test expectations for the original fixture would now fail, so this
experiment stops before the publication checks. A real correction to the dataset would require reviewing the independent expected table and the evidence for the
correction. Exercise: predict the effect of replacing B04 with zero: four used values sum to 45, giving 11.25. Distinguishing data correction from rule change keeps
the handover meaningful.

Compare with RSH-03-001 · Publish the data contract.

Code

python3 ../tools/stations.py zero-change

Actual output

Captured run · exit 0

group n_total n_used n_missing n_rejected mean
A 5 4 0 1 7.50
B 5 3 1 1 15.00

Download: Driver only · RSH-03-002.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: select.awk · Result: summary.tsv

Read · select-usable-measurements

#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value"; next }
$4=="used" { print $1,$2,$3 }
#+end_src
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RSH-03-003

Make exclusion priority a scientific decision
Learning goal: distinguish two plausible classification policies with one counterexample. The fixture contains a row whose value is NA and whose status is invalid.
The first run uses the agreed invalid-first rule and assigns rejected. The second changes only the conditional’s precedence and assigns missing. The experiment
executes both real AWK variants on that same row.

The final project uses invalid first, so missing and rejected do not overlap. n_total can therefore be partitioned exactly. Reporting both categories for one row would
inflate the exclusion count even if the computed mean happened to stay the same. Exercise: justify the alternative policy in words, then update its expected
category before adopting it. Do not interpret this local comparison as permission to change the canonical rule: the reference project retains the required invalid-first
semantics.

Compare with RSH-03-002 · Replace missingness with an observed zero.

Code

python3 ../tools/stations.py priority-change

Actual output

Captured run · exit 0

invalid first: rejected
NA first: missing

Download: Driver only · RSH-03-003.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: classify.awk · Result: priority.tsv

Read · classify-measurements

#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value","category"; next }
{
 category=($4=="invalid" ? "rejected" : ($3=="NA" ? "missing" : "used"))
 print $1,$2,$3,category
}
#+end_src
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RSH-03-004

Hand over values without losing the census
Learning goal: choose interfaces for two different consumers. classified.tsv keeps all ten validated records and assigns exactly one category to each. usable.tsv
contains only sample_id, group and value for the six usable records, including A04 with value zero. The summary consumes both files: classified supplies total/
missing/rejected counts, usable supplies values and their denominator.

That dual input is intentional: a group with no usable values would vanish if the summary discovered groups only from usable.tsv. No unit conversion happens here;
every numeric handover remains in a.u. Exercise: follow A03 through raw, validated and classified, then explain its absence from usable without losing its
contribution to n_total and n_missing. The Result download includes both handovers, so this decision can be checked row by row.

Compare with RSH-03-003 · Make exclusion priority a scientific decision.

Code

cat build/results/usable.tsv

Actual output

Captured run · exit 0

sample_id group value
A01 A 10
A02 A 20
A04 A 0
B01 B 5
B02 B 15
B03 B 25

Download: Driver only · RSH-03-004.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: classify.awk · select.awk · Result: classified.tsv · usable.tsv

Read · select-usable-measurements

#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value"; next }
$4=="used" { print $1,$2,$3 }
#+end_src
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04 - Tangle and run

Separate extraction from execution and publication. SHAPE — Automate actions is evidenced by a maintained bootstrap that tangles before invoking the generated

Makefile. ROOT — Time-tested requires real prerequisites: batch Emacs/Org, AWK, GNU Make 4.3+ grouped targets and gnuplot svg/pdfcairo terminals. 

Chapter focus: Automate actions. 

RSH-04-001

Bootstrap before the generated Makefile exists
Learning goal: solve the first-build dependency explicitly. A maintained build.py and bootstrap.el exist before any generated program. Batch Emacs tangles
research.org into a staging directory; the bootstrap installs changed files under build/ and only then calls GNU Make on build/workflow.mk. The generated Makefile
does not need to create itself.

This station starts without build/. Its output counts ten installed targets. Emacs runs with -Q and Babel execution disabled; no Doom configuration, account or
network is used. GNU Make 4.3+ is a real requirement because grouped targets prevent duplicate writers for output pairs. Exercise: remove build/ and run the
command again. The same bootstrap must work without copying a previous Makefile from a successful run.

Code

python3 build.py tangle

Actual output

Captured run · exit 0

tangle: 10 files; changed: 10

Download: Driver only · RSH-04-001.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: workflow.mk · Result: tangle.json

Read · make-program

#+begin_src makefile :tangle workflow.mk :mkdirp yes :noweb tangle
<<workflow>>
#+end_src

21



RSH-04-002

Run a tangled program without Org
Learning goal: prove that extraction leaves an independently executable program. AWK reads the generated validate.awk and the maintained raw TSV; its successful
output must match the original input exactly. cmp checks those bytes before the success message is printed. No Org session is involved in this execution.

The validator passes well-formed records through, including invalid quality status and NA: those are valid data states, not syntax errors. Classification makes the
scientific inclusion decision later. Direct AWK may emit an initial valid prefix before a subsequent error; the workflow runner captures that output and installs a
handover only on success, so a partial stream never becomes a published result. Exercise: run the same program on tests/fixtures/duplicate.tsv and inspect its
nonzero status and useful line number.

Compare with RSH-04-001 · Bootstrap before the generated Makefile exists.

Code

awk -f build/programs/validate.awk data/measurements.tsv > build/validated-direct.tsv
cmp data/measurements.tsv build/validated-direct.tsv
printf 'Standalone AWK validation: exact TSV passthrough\n'

Actual output

Captured run · exit 0

Standalone AWK validation: exact TSV passthrough

Download: Driver only · RSH-04-002.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: validate.awk · Result: validated-direct.tsv

Read · validate-input

#+begin_src awk :tangle no :noweb tangle
NR==1 {
 if ($0!="sample_id\tgroup\tvalue\tstatus") fail("line 1: expected sample_id, group, value, status TSV header")
 print; next
}
{
 if (NF!=4) fail("line " NR ": expected 4 tab-separated fields, got " NF)
 if ($1 !~ /^[A-Za-z][A-Za-z0-9_-]*$/) fail("line " NR ": invalid sample_id")
 if (seen[$1]++) fail("line " NR ": duplicate sample_id " $1)
 if ($2 !~ /^[A-Z][A-Z0-9_]*$/) fail("line " NR ": group must be an uppercase ASCII identifier")
 if ($4!="valid" && $4!="invalid") fail("line " NR ": unexpected status " $4)
 if ($3!="NA" && $3 !~ number) fail("line " NR ": value must be a finite decimal number or NA")
 if ($3!="NA" && (($3+0)>1000000 || ($3+0)<-1000000)) fail("line " NR ": absolute value exceeds 1000000 a.u.")
 print
}
END { if (!failed && NR==0) fail("empty input: expected TSV header") }
#+end_src
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RSH-04-003

Execute explicit dependencies
Learning goal: see what the generated workflow actually runs. The results target has four file targets with explicit raw-data and program prerequisites. Each native
command has a receipt recording its argv, successful status and output hash. The bootstrap fixes the locale and chooses the active Python environment, while AWK
does the scientific calculation.

The observed action list is validate, classify, select, summarize. The generated Makefile, shown in Tangled, names both summary inputs and does not rely on shell-
session state. A checksum side file also notices a changed raw input even if its mtime was preserved. Exercise: inspect summary.tsv and the summarize receipt,
then identify which prerequisite would change if the usable-selection rule changed. Make tracks this real graph; SHAPE’s five perspectives describe its design, not its
execution order.

Compare with RSH-04-002 · Run a tangled program without Org.

Code

python3 build.py results --jobs 4
cat build/results/summary.tsv

Actual output

Captured run · exit 0

build: results; actions: validate,classify,select,summarize
group n_total n_used n_missing n_rejected mean
A 5 3 1 1 10.00
B 5 3 1 1 15.00

Download: Driver only · RSH-04-003.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: workflow.mk · Result: summary.tsv · summarize.json
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Read · workflow

#+begin_src makefile :tangle no :noweb tangle
.DEFAULT_GOAL := all
.RECIPEPREFIX := >
.DELETE_ON_ERROR:
.SUFFIXES:
PYTHON ?= python3
AWK ?= awk
RUN = $(PYTHON) build/tools/pipeline.py
.PHONY: all results check figure provenance report
all: report
results: build/results/summary.tsv
check: build/checks.json
figure: build/results/figure.svg build/results/figure.pdf
provenance: build/provenance.json
report: build/site/index.html build/site/report.pdf
build/results/validated.tsv: data/measurements.tsv build/raw.sha256 build/environment.json build/programs/validate.awk build/tools/pipeline.py
>@$(RUN) stage validate $(AWK)
build/results/classified.tsv: build/results/validated.tsv build/programs/classify.awk build/tools/pipeline.py
>@$(RUN) stage classify $(AWK)
build/results/usable.tsv: build/results/classified.tsv build/programs/select.awk build/tools/pipeline.py
>@$(RUN) stage select $(AWK)
build/results/summary.tsv: build/results/classified.tsv build/results/usable.tsv build/programs/summarize.awk build/tools/pipeline.py
>@$(RUN) stage summarize $(AWK)
build/checks.json: build/results/summary.tsv tests/expected-summary.tsv tests/cases.json $(wildcard tests/fixtures/*.tsv) $(wildcard build/programs/*.awk) build/tools/pipeline.py
>@$(RUN) check $(AWK)
build/results/figure.svg build/results/figure.pdf &: build/results/summary.tsv build/checks.json build/programs/plot.gp build/tools/pipeline.py
>@$(RUN) plot
build/provenance.json: build/results/figure.svg build/results/figure.pdf build/checks.json build/source.json build/environment.json build/invocation.json build/tangle.json $(wildcard 
build/programs/*) build/workflow.mk build/tools/pipeline.py
>@$(RUN) provenance
build/site/index.html build/site/report.pdf &: build/provenance.json build/programs/report-template.org build/programs/report.css build/tools/pipeline.py bootstrap.el
>@$(RUN) report
#+end_src

24



RSH-04-004

Separate tangle, execute and weave
Learning goal: identify three operations with different effects. Tangle creates standalone program text. Execute applies those programs to inputs and captures result
files. Weave/export publishes an explanation using those already produced results. The three commands below make the boundaries observable: first ten program
files, then four scientific actions, then checks, native plot, manifest and report.

The maintained research.org is never used as a scratch buffer for result insertion. The report is filled into build/site/report.org, then batch Org exports that working
copy to HTML; the existing PDF libraries produce its PDF. Exercise: after building, compare research.org with its original checksum. Changing export styling should
not change a mean, while changing a scientific fragment should invalidate the appropriate calculation. The Result receipt records the real export command and PDF
API operation.

Compare with RSH-04-003 · Execute explicit dependencies.

Code

python3 build.py tangle
python3 build.py results --jobs 4
python3 build.py all --jobs 4

Actual output

Captured run · exit 0

tangle: 10 files; changed: 10
build: results; actions: validate,classify,select,summarize
build: all; actions: check,plot,provenance,report

Download: Driver only · RSH-04-004.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: pipeline.py · Result: report.json

Read · pipeline-program

#+begin_src python :tangle tools/pipeline.py :mkdirp yes :noweb tangle
<<pipeline-utilities>>
<<execute-stages>>
<<evaluate-explicitly>>
<<render-native-figure>>
<<propagate-provenance>>
<<weave-explanation>>
<<verify-handover>>
<<pipeline-entry>>
#+end_src
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05 - Make assumptions testable

State an expected result independently of the program, then try to disprove it. ROOT — Robust is evidenced by useful status-2 input errors and a status-3

conservation failure. SHAPE — Evaluate explicitly is evidenced by the authored reference and sixteen edge/error fixtures. 

Chapter focus: Evaluate explicitly and Robust. 

RSH-05-001

Check the independently authored reference
Learning goal: test meaning as well as successful execution. The check target compares the complete summary bytes with tests/expected-summary.tsv, written
from the hand calculation rather than copied from program output. It also runs sixteen fixture cases through native AWK and checks their expected rows, statuses
and diagnostics. The short display below verifies the reference and the conservation equation again.

The expected A and B means are 10.00 and 15.00, each with counts 5 = 3 + 1 + 1. These are scientific expectations for the recorded input and environment, not a
claim that every platform will emit byte-identical figures or PDFs. Exercise: intentionally change A’s expected mean to 10.01 in a private copy. The build must stop
at check rather than quietly publish a new figure.

Code

python3 ../tools/stations.py reference

Actual output

Captured run · exit 0

A: 5 = 3 + 1 + 1; mean=10.00
B: 5 = 3 + 1 + 1; mean=15.00
Native tests: reference + 16 edge/error cases passed

Download: Driver only · RSH-05-001.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: pipeline.py · Result: checks.json · expected-summary.tsv
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Read · evaluate-explicitly

#+begin_src python :tangle no :noweb tangle
def check(awk):
 expected=Path('tests/expected-summary.tsv').read_bytes()
 if Path('build/results/summary.tsv').read_bytes()!=expected:raise RuntimeError('reference summary differs from authored tests/expected-summary.tsv')
 cases=json.loads(Path('tests/cases.json').read_text());outcomes=[];commands=[]
 for case in cases:
  if not re.fullmatch('[a-z0-9-]+',case['name']):raise RuntimeError('invalid test case name')
  directory=Path('build/tests')/case['name'];directory.mkdir(parents=True,exist_ok=True)
  p,paths=awk_pipeline(case['file'],directory,awk,commands)
  if p.returncode!=case['exit']:raise RuntimeError(case['name']+': wrong error status')
  if case['error'] and p.stderr.strip()!='input error: '+case['error']:raise RuntimeError(case['name']+': wrong diagnostic')
  if not case['exit']:
   actual=[{k:r[k] for k in KEYS} for r in read(paths[-1])]
   if actual!=case['rows']:raise RuntimeError(case['name']+': incorrect scientific result')
   for row in actual:
    if int(row['n_total'])!=sum(int(row[k]) for k in ('n_used','n_missing','n_rejected')):raise RuntimeError('count conservation failed')
  outcomes.append({'case':case['name'],'status':p.returncode,'passed':True})
 js('build/checks.json',{'reference':'passed','cases':outcomes,'count_conservation':'passed','scope':'native AWK reference and specified edge cases; no cross-platform byte claim'})
 receipt('check',commands,['build/checks.json'],[{'api':'Python bytes equality','expected':'tests/expected-summary.tsv','actual':'build/results/summary.tsv'}])
#+end_src
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RSH-05-002

Turn malformed input into useful errors
Learning goal: distinguish invalid quality from invalid syntax. A quality status of invalid is an allowed state and excludes a row later. An unknown status is a schema
error. The native runs below demonstrate duplicate IDs, an unexpected status, three instead of four fields, and a nonnumeric value. Each stops with status 2 and
identifies the offending line.

Numeric syntax is checked even for rejected rows, so junk values cannot hide behind quality exclusions. Other authored cases test the header, zero-byte input, out-
of-range exponent and empty group. The runner captures native stderr and refuses to install an unsuccessful handover. Exercise: repair the duplicate fixture by
changing only the second ID; predict that both rows then contribute to the group census. A useful diagnostic explains what the user can fix without fabricating a
scientific result.

Compare with RSH-05-001 · Check the independently authored reference.

Code

for name in duplicate status fields number; do
python3 ../tools/stations.py case "$name"

done

Actual output

Captured run · exit 0

duplicate: exit 2
input error: line 3: duplicate sample_id X01
status: exit 2
input error: line 2: unexpected status unknown
fields: exit 2
input error: line 2: expected 4 tab-separated fields, got 3
number: exit 2
input error: line 2: value must be a finite decimal number or NA

Download: Driver only · RSH-05-002.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: validate.awk · Result: duplicate.tsv · status.tsv
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Read · validate-input

#+begin_src awk :tangle no :noweb tangle
NR==1 {
 if ($0!="sample_id\tgroup\tvalue\tstatus") fail("line 1: expected sample_id, group, value, status TSV header")
 print; next
}
{
 if (NF!=4) fail("line " NR ": expected 4 tab-separated fields, got " NF)
 if ($1 !~ /^[A-Za-z][A-Za-z0-9_-]*$/) fail("line " NR ": invalid sample_id")
 if (seen[$1]++) fail("line " NR ": duplicate sample_id " $1)
 if ($2 !~ /^[A-Z][A-Z0-9_]*$/) fail("line " NR ": group must be an uppercase ASCII identifier")
 if ($4!="valid" && $4!="invalid") fail("line " NR ": unexpected status " $4)
 if ($3!="NA" && $3 !~ number) fail("line " NR ": value must be a finite decimal number or NA")
 if ($3!="NA" && (($3+0)>1000000 || ($3+0)<-1000000)) fail("line " NR ": absolute value exceeds 1000000 a.u.")
 print
}
END { if (!failed && NR==0) fail("empty input: expected TSV header") }
#+end_src
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RSH-05-003

Keep absent results absent
Learning goal: distinguish an actual zero, an all-missing group and no groups at all. The zero fixture produces mean 0.00 with n_used=1. A missing-only group
retains n_total=1 but has n_used=0 and mean NA. A header-only input yields the summary header and no rows; a zero-byte input is an error because the required
header is missing.

The missing-only and no-group tables are also passed through native gnuplot here. One figure labels n=0 and omits the missing bar; the other displays No groups.
No invented zero is plotted to make an empty dataset look complete. Exercise: add a valid zero to the missing-only group: n_total becomes 2, n_used becomes 1
and the mean becomes 0.00. The data meaning, rather than plotting convenience, determines that change.

Compare with RSH-05-002 · Turn malformed input into useful errors.

Code

python3 ../tools/stations.py case zero
python3 ../tools/stations.py case empty
python3 ../tools/stations.py empty-figures

Actual output

Captured run · exit 0

zero: exit 0
group n_total n_used n_missing n_rejected mean
X 1 1 0 0 0.00
empty: exit 2
input error: empty input: expected TSV header
missing: exit 0
group n_total n_used n_missing n_rejected mean
X 1 0 1 0 NA
missing: SVG and PDF rendered; n=0
header-only: exit 0
group n_total n_used n_missing n_rejected mean
header-only: SVG and PDF rendered; No groups

Download: Driver only · RSH-05-003.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: plot.gp · Result: summary.tsv · figure.svg · figure.svg

30



Read · plot-results

#+begin_src gnuplot :tangle no :noweb tangle
set datafile separator "\t"
set datafile missing "NA"
set terminal svg size 740,380 font "DejaVu Sans,12" enhanced
set output SVG
set title "Group means — fictional teaching data"
set xlabel "Measurement group"
set ylabel "Mean (a.u.)"
set boxwidth 0.55
set style fill solid 0.8 border rgb "#00549f"
set grid ytics lc rgb "#d8e3ec"
set key off
if (GROUPS>0) {
 stats SUMMARY using (column("n_used")>0 ? column("mean") : 0) nooutput
 low=(STATS_min<0 ? STATS_min*1.25 : 0)
 high=(STATS_max>0 ? STATS_max*1.3 : 1)
 if (low==high) { low=low-1; high=high+1 }
 set yrange [low:high]
 set xrange [-0.6:GROUPS-0.4]
 plot SUMMARY using 0:(column("mean")):xticlabels(1) with boxes lc rgb "#00549f", \
      SUMMARY using 0:(column("n_used")>0 ? column("mean") : 0):(column("n_used")>0 ? sprintf("n=%d",column("n_used")) : "n=0; mean=NA") with labels offset 0,1.1 tc rgb "#087f88"
} else {
 set xrange [0:1]; set yrange [0:1]; unset xtics; unset ytics
 set label "No groups: header-only input" at graph 0.5,0.5 center
 plot NaN
}
set terminal pdfcairo size 16cm,8.5cm font "DejaVu Sans,11"
set output PDF
replot
unset output
#+end_src
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Result · build/experiment/missing/figure.svg · fictional teaching data
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Result · build/experiment/header-only/figure.svg · fictional teaching data
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RSH-05-004

Break a handover to test the invariant
Learning goal: check an agreement between stages, not just isolated functions. This private experiment removes the last usable row after selection, then calls the
generated summarizer with the unchanged classified census. B would have three classified used records but only two handed-over values. The summarizer detects
that the categories no longer conserve the total and exits with status 3.

This is a deliberately corrupted internal handover, not an accepted missing-value convention. The normal Make graph regenerates usable.tsv from its producer;
consumers should not edit generated results. Exercise: explain why silently computing a mean from the shortened file would conceal data loss. The observed
handover error is concrete evidence for both Robust and Evaluate explicitly. In the canonical project, the untouched usable file still yields all required reference
results.

Compare with RSH-05-003 · Keep absent results absent.

Code

python3 ../tools/stations.py conservation

Actual output

Captured run · exit 0

Dropped one usable row: exit 3
handover error: count conservation failed for B

Download: Driver only · RSH-05-004.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: summarize.awk · Result: usable.tsv

Read · report-exclusions

#+begin_src awk :tangle no :noweb tangle
if (total[g]!=used[g]+missing[g]+rejected[g]) {
 print "handover error: count conservation failed for " g > "/dev/stderr"; exit 3
}
printf "%s\t%d\t%d\t%d\t%d\t%s\n",g,total[g],used[g],missing[g],rejected[g],(used[g] ? sprintf("%.2f",sum[g]/used[g]) : "NA")
#+end_src
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06 - Connect analysis and explanation

Use the same summary in a table, a native plot and a readable report. SHAPE — Harmonize handovers is evidenced by named TSV columns; Automate actions by

the grouped figure and report targets. ROOT — Open is evidenced by portable program downloads and a report with source/evidence attachments. 

Chapter focus: Harmonize handovers and Automate actions. 

RSH-06-001

Use one summary table in the explanation
Learning goal: connect computed evidence to a readable claim. The six-column TSV is the sole numeric input for the report table and figure. The template explains
the eligibility policy and identifies the data as fictional teaching measurements. A reader can audit the denominator and both exclusion counts without reverse-
engineering the plot.

Means describe the supplied measurements; no population inference or uncertainty estimate is claimed for this tiny invented dataset. The table retains NA where a
mean is unavailable, and it sorts group names explicitly rather than trusting AWK’s associative-array iteration order. Exercise: add a third group in a private copy
and predict that its position follows ASCII group order. A report that hard-codes A and B would fail that handover; this template reads every summary row and its
actual header.

Code

cat build/results/summary.tsv

Actual output

Captured run · exit 0

group n_total n_used n_missing n_rejected mean
A 5 3 1 1 10.00
B 5 3 1 1 15.00

Download: Driver only · RSH-06-001.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: report-template.org · Result: summary.tsv
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Read · report-template

#+begin_src org :tangle no :noweb tangle
,#+TITLE: Fictional measurement study
,#+SUBTITLE: Explain the program. Rebuild the result.
,#+LANGUAGE: en
,#+OPTIONS: toc:nil num:nil author:nil date:nil creator:nil html-postamble:nil ^:nil
,#+HTML_HEAD: <link rel="stylesheet" href="report.css">

,* Question and decision
What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.

,* Results
{{TABLE}}

,#+ATTR_HTML: :alt Group means from fictional data with used sample counts :width 740
[[file:results/figure.svg]]

The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.

,* Evidence and handover
:PROPERTIES:
:CUSTOM_ID: evidence
:END:
ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: {{CHECKS}}. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is {{REVISION}}; its recorded dirty status is {{DIRTY}}.

- [[file:research.org][Read the complete literate source]]
- [[file:data/measurements.tsv][Read the original TSV input]]
- [[file:results/summary.tsv][Download the summary TSV]]
- [[file:provenance.json][Inspect the machine-readable provenance]]
- [[file:programs/validate.awk][Reuse input validation]]
- [[file:programs/summarize.awk][Reuse the group statistic program]]

The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.
#+end_src
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RSH-06-002

Plot group means with visible denominators
Learning goal: make a plot communicate the inclusion decision. Native gnuplot reads columns by their header names and emits both SVG and vector PDF in one
action. Each bar carries n_used; A and B both have n=3. The axes name the group and mean in a.u., and the caption labels the measurements as fictional teaching
data.

Zero means remain legitimate plotted values. Missing means do not become zero-height observations; the missing-only and no-group cases were rendered in the
preceding chapter. No uncertainty bars are invented. Exercise: remove the n labels temporarily and explain what important difference between five collected and
three used measurements becomes invisible. The assertions below inspect the real SVG text and native PDF; the Result panel shows the actual figure produced by
that run.

Compare with RSH-06-001 · Use one summary table in the explanation.

Code

python3 ../tools/stations.py figure

Actual output

Captured run · exit 0

Native SVG: n=3 labels, A/B groups, fictional teaching data
Native figure PDF: one vector page

Download: Driver only · RSH-06-002.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: plot.gp · Result: figure.svg · figure.pdf
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Read · plot-results

#+begin_src gnuplot :tangle no :noweb tangle
set datafile separator "\t"
set datafile missing "NA"
set terminal svg size 740,380 font "DejaVu Sans,12" enhanced
set output SVG
set title "Group means — fictional teaching data"
set xlabel "Measurement group"
set ylabel "Mean (a.u.)"
set boxwidth 0.55
set style fill solid 0.8 border rgb "#00549f"
set grid ytics lc rgb "#d8e3ec"
set key off
if (GROUPS>0) {
 stats SUMMARY using (column("n_used")>0 ? column("mean") : 0) nooutput
 low=(STATS_min<0 ? STATS_min*1.25 : 0)
 high=(STATS_max>0 ? STATS_max*1.3 : 1)
 if (low==high) { low=low-1; high=high+1 }
 set yrange [low:high]
 set xrange [-0.6:GROUPS-0.4]
 plot SUMMARY using 0:(column("mean")):xticlabels(1) with boxes lc rgb "#00549f", \
      SUMMARY using 0:(column("n_used")>0 ? column("mean") : 0):(column("n_used")>0 ? sprintf("n=%d",column("n_used")) : "n=0; mean=NA") with labels offset 0,1.1 tc rgb "#087f88"
} else {
 set xrange [0:1]; set yrange [0:1]; unset xtics; unset ytics
 set label "No groups: header-only input" at graph 0.5,0.5 center
 plot NaN
}
set terminal pdfcairo size 16cm,8.5cm font "DejaVu Sans,11"
set output PDF
replot
unset output
#+end_src

38



Result · build/results/figure.svg · fictional teaching data
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RSH-06-003

Build a readable HTML and PDF report
Learning goal: hand over evidence in formats a colleague can read. The generated report combines the actual table, native figure, inclusion policy, test summary,
source revision and relative links to source, input, programs and manifest. Batch Org exports the working report; the publisher’s existing WeasyPrint/PyMuPDF
dependencies create the PDF and embed the source, raw data and manifest.

The Org template protects its own heading and keyword lines with a leading comma; extraction removes that protection. The checks below open the actual HTML
and PDF, look for both reference means and the fictional-data label, and verify three embedded evidence files. The full standalone project download includes sources
and prerequisites; the reference-output archive includes the produced reports. Exercise: inspect the HTML table and PDF figure together and confirm that both
disclose n=3. Styling changes belong in the literate report-style fragment so that the source remains authoritative.

Compare with RSH-06-002 · Plot group means with visible denominators.

Code

python3 ../tools/stations.py report

Actual output

Captured run · exit 0

Report HTML: real table, figure and relative downloads
Report PDF: 2 page(s), 3 embedded source/evidence files
Maintained Org source: unchanged

Download: Driver only · RSH-06-003.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: report-template.org · report.css · Result: index.html · report.pdf
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Read · report-template

#+begin_src org :tangle no :noweb tangle
,#+TITLE: Fictional measurement study
,#+SUBTITLE: Explain the program. Rebuild the result.
,#+LANGUAGE: en
,#+OPTIONS: toc:nil num:nil author:nil date:nil creator:nil html-postamble:nil ^:nil
,#+HTML_HEAD: <link rel="stylesheet" href="report.css">

,* Question and decision
What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.

,* Results
{{TABLE}}

,#+ATTR_HTML: :alt Group means from fictional data with used sample counts :width 740
[[file:results/figure.svg]]

The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.

,* Evidence and handover
:PROPERTIES:
:CUSTOM_ID: evidence
:END:
ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: {{CHECKS}}. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is {{REVISION}}; its recorded dirty status is {{DIRTY}}.

- [[file:research.org][Read the complete literate source]]
- [[file:data/measurements.tsv][Read the original TSV input]]
- [[file:results/summary.tsv][Download the summary TSV]]
- [[file:provenance.json][Inspect the machine-readable provenance]]
- [[file:programs/validate.awk][Reuse input validation]]
- [[file:programs/summarize.awk][Reuse the group statistic program]]

The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.
#+end_src
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RSH-06-004

Export without executing the explanation
Learning goal: keep publication separate from calculation. This station exports the full research.org itself, in addition to the compact working report.
Because :noweb tangle expands only on extraction and Babel evaluation is disabled for export, the published source still displays <<validate-input>> as a
reference. It does not rerun AWK or insert results into the maintained document.

The actual export is checked for that textual reference and the source checksum is compared before and after. This distinguishes weave/export from both tangle and
execute. Exercise: reorder a prose section and export again; the presentation changes while the same references still tangle to the same program. Org’s evaluated
noweb-call form is not used here. The source download and Tangled files let a reader inspect both representations without installing an editor configuration.

Compare with RSH-06-003 · Build a readable HTML and PDF report.

Code

python3 ../tools/stations.py weave

Actual output

Captured run · exit 0

Weave/export: textual <<validate-input>> remains visible
Babel evaluation: disabled; maintained source: unchanged

Download: Driver only · RSH-06-004.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: validate.awk · Result: literate.html

Read · validate-program

#+begin_src awk :tangle programs/validate.awk :mkdirp yes :noweb tangle
<<validation-setup>>
<<validate-input>>
#+end_src
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07 - Carry provenance forward

Connect the actual inputs, programs, commands, environment and results. SHAPE — Propagate provenance is evidenced by a machine-readable manifest and a

tampering experiment. ROOT — Time-tested means recording the implementations actually used, not assuming all installations behave identically. 

Chapter focus: Propagate provenance. 

RSH-07-001

Join source, input, program and result identities
Learning goal: follow a result through a machine-readable evidence chain. provenance.json hashes the raw TSV, independent expectations and fixtures; the
maintained literary/bootstrap sources; all ten generated programs/templates; and the scientific results, checks and native figures. Every published path is relative.
The assertions below recompute every listed SHA-256 value.

The manifest excludes itself and the downstream HTML/PDF reports, avoiding a hash cycle. A later report receipt records those report hashes separately, and the
PDF embeds the manifest it describes. No run timestamp forces a new build. Exercise: locate the source hash, the summarize.awk hash and the summary.tsv hash
and explain their different roles. Propagating provenance means connecting the actual transformation, not merely stamping a final document with a date.

Code

python3 ../tools/stations.py provenance

Actual output

Captured run · exit 0

inputs: 19 checked SHA-256 entries
sources: 3 checked SHA-256 entries
programs: 10 checked SHA-256 entries
results: 7 checked SHA-256 entries
Manifest and downstream reports excluded: no hash cycle

Download: Driver only · RSH-07-001.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: pipeline.py · Result: provenance.json
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Read · propagate-provenance

#+begin_src python :tangle no :noweb tangle
def provenance():
 tangle=json.loads(Path('build/tangle.json').read_text());source=json.loads(Path('build/source.json').read_text())
 inputs=['data/measurements.tsv','tests/expected-summary.tsv','tests/cases.json']+sorted(str(p) for p in Path('tests/fixtures').glob('*.tsv'))
 programs=['build/'+p for p in sorted(tangle['files'])]
 results=sorted(str(p) for p in Path('build/results').glob('*'))+['build/checks.json']
 receipts={p.stem:json.loads(p.read_text()) for p in sorted(Path('build/receipts').glob('*.json')) if p.stem in {'validate','classify','select','summarize','check','plot'}}
 record={'schema':1,'question':'Group mean of usable fictional measurements','parameters':json.loads(Path('build/programs/contract.json').read_text()),
  'inputs':{p:sha(p) for p in inputs},'sources':{p:sha(p) for p in ['research.org','build.py','bootstrap.el']},
  'programs':{p:sha(p) for p in programs},'results':{p:sha(p) for p in results},
  'versions':json.loads(Path('build/environment.json').read_text()),'git':source['git'],
  'execution':receipts,'tangle':tangle['command'],'invocation':json.loads(Path('build/invocation.json').read_text()),
  'scope':'Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.'}
 js('build/provenance.json',record);receipt('provenance',[],['build/provenance.json'])
#+end_src
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RSH-07-002

Record the environment and real calls
Learning goal: distinguish documented prerequisites from the implementations actually used. The manifest records Python, Emacs/Org, AWK, GNU Make, gnuplot
and PDF-library versions, plus the AWK executable’s SHA-256 identity. It includes actual native argv from successful stages and fixture runs, the textual tangle
invocation and the bootstrap/Make invocation with its parameters.

The displayed version strings are captured evidence from this build. They are not promises that every version or AWK implementation has been tested. ROOT —
Time-tested means choosing established tools with conscious requirements: /dev/stderr support, GNU Make grouped targets, gnuplot svg/pdfcairo and Python’s
available PDF libraries. Exercise: inspect a different environment’s manifest before comparing its result table. Reproduction here means the same scientific result for
the recorded input and environment; portable PDF byte identity has not been claimed.

Compare with RSH-07-001 · Join source, input, program and result identities.

Code

python3 ../tools/stations.py versions

Actual output

Captured run · exit 0

PyMuPDF: 1.28.2
awk: awk version 20200816
awk_binary_sha256: 310e75b917c4d346cecb6ffab9ca88507870242347a6cf0110eef4aa73b6f809
emacs: 31.1 / Org 9.8.7
gnuplot: gnuplot 6.0 patchlevel 6
make: GNU Make 4.4.1
python: 3.14.10
weasyprint: 70.0
Locale: C
Recorded native calls: 42

Download: Driver only · RSH-07-002.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: pipeline.py · Result: environment.json · summarize.json
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Read · propagate-provenance

#+begin_src python :tangle no :noweb tangle
def provenance():
 tangle=json.loads(Path('build/tangle.json').read_text());source=json.loads(Path('build/source.json').read_text())
 inputs=['data/measurements.tsv','tests/expected-summary.tsv','tests/cases.json']+sorted(str(p) for p in Path('tests/fixtures').glob('*.tsv'))
 programs=['build/'+p for p in sorted(tangle['files'])]
 results=sorted(str(p) for p in Path('build/results').glob('*'))+['build/checks.json']
 receipts={p.stem:json.loads(p.read_text()) for p in sorted(Path('build/receipts').glob('*.json')) if p.stem in {'validate','classify','select','summarize','check','plot'}}
 record={'schema':1,'question':'Group mean of usable fictional measurements','parameters':json.loads(Path('build/programs/contract.json').read_text()),
  'inputs':{p:sha(p) for p in inputs},'sources':{p:sha(p) for p in ['research.org','build.py','bootstrap.el']},
  'programs':{p:sha(p) for p in programs},'results':{p:sha(p) for p in results},
  'versions':json.loads(Path('build/environment.json').read_text()),'git':source['git'],
  'execution':receipts,'tangle':tangle['command'],'invocation':json.loads(Path('build/invocation.json').read_text()),
  'scope':'Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.'}
 js('build/provenance.json',record);receipt('provenance',[],['build/provenance.json'])
#+end_src
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RSH-07-003

Detect tampering with a result
Learning goal: test whether the evidence chain can reveal an unauthorized change. The experiment replaces A’s mean with 99.00 in the generated summary without
changing its manifest. Verification must report a summary.tsv hash mismatch. It then restores the exact original bytes and checks the complete manifest and report
receipt successfully.

A checksum mismatch identifies inconsistency, not its cause: it could be an edit, corruption or the wrong file. The proper response is to inspect the source and
rebuild through the checks, not rewrite a hash to hide the change. Exercise: repeat with the raw TSV in a private copy and identify which role fails first. Verification
is deliberately separate from regeneration so that evidence can be checked without overwriting the object being examined.

Compare with RSH-07-002 · Record the environment and real calls.

Code

python3 ../tools/stations.py tamper

Actual output

Captured run · exit 0

Tampered table: study: provenance mismatch: build/results/summary.tsv
verify: input, source, program, result and report hashes passed

Download: Driver only · RSH-07-003.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: pipeline.py · Result: provenance.json

Read · verify-handover

#+begin_src python :tangle no :noweb tangle
def verify():
 record=json.loads(Path('build/provenance.json').read_text())
 for role in ['inputs','sources','programs','results']:
  for file,expected in record[role].items():
   if not Path(file).is_file() or sha(file)!=expected:raise RuntimeError('provenance mismatch: '+file)
 if 'build/provenance.json' in record['results']:raise RuntimeError('manifest self-hash is forbidden')
 for file,expected in json.loads(Path('build/receipts/report.json').read_text())['outputs'].items():
  if sha(file)!=expected:raise RuntimeError('report receipt mismatch: '+file)
 print('verify: input, source, program, result and report hashes passed')
#+end_src
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RSH-07-004

Build the handover outside Git
Learning goal: prove that the example is self-contained. The experiment copies only maintained sources, data, bootstrap, requirements and fixtures into a
temporary folder outside the checkout, then builds and verifies the entire project. No previous build output or parent repository is available.

The manifest records commit=null and dirty=null when Git metadata is unavailable. Inside a checkout it records the actual revision and working-tree state, without
inventing a clean revision. Neither case introduces an absolute machine-specific path into the manifest. Exercise: extract the project ZIP into a new folder, activate
an environment with the documented prerequisites, and use python3 build.py all --jobs 4. The absence of Git is a supported handover condition; the absence of a
required executable should instead produce a concrete prerequisite error.

Compare with RSH-07-003 · Detect tampering with a result.

Code

python3 ../tools/stations.py outside-git

Actual output

Captured run · exit 0

build: all; actions: validate,classify,select,summarize,check,plot,provenance,report
Outside Git: commit=null, dirty=null
verify: input, source, program, result and report hashes passed

Download: Driver only · RSH-07-004.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: console/source above · Result: console/source above

Read · propagate-provenance

#+begin_src python :tangle no :noweb tangle
def provenance():
 tangle=json.loads(Path('build/tangle.json').read_text());source=json.loads(Path('build/source.json').read_text())
 inputs=['data/measurements.tsv','tests/expected-summary.tsv','tests/cases.json']+sorted(str(p) for p in Path('tests/fixtures').glob('*.tsv'))
 programs=['build/'+p for p in sorted(tangle['files'])]
 results=sorted(str(p) for p in Path('build/results').glob('*'))+['build/checks.json']
 receipts={p.stem:json.loads(p.read_text()) for p in sorted(Path('build/receipts').glob('*.json')) if p.stem in {'validate','classify','select','summarize','check','plot'}}
 record={'schema':1,'question':'Group mean of usable fictional measurements','parameters':json.loads(Path('build/programs/contract.json').read_text()),
  'inputs':{p:sha(p) for p in inputs},'sources':{p:sha(p) for p in ['research.org','build.py','bootstrap.el']},
  'programs':{p:sha(p) for p in programs},'results':{p:sha(p) for p in results},
  'versions':json.loads(Path('build/environment.json').read_text()),'git':source['git'],
  'execution':receipts,'tangle':tangle['command'],'invocation':json.loads(Path('build/invocation.json').read_text()),
  'scope':'Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.'}
 js('build/provenance.json',record);receipt('provenance',[],['build/provenance.json'])
#+end_src
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08 - Change, rebuild and hand over

Treat a changed requirement as a change to the explanation, interfaces, program, expectations and handover together. ROOT — Ongoing is evidenced by three

isolated edits and regenerated results. Structure stages, Harmonize handovers, Automate actions, Propagate provenance and Evaluate explicitly remain design

perspectives on this one dependency graph. 

Chapter focus: All five SHAPE perspectives and Ongoing. 

RSH-08-001

Correct one measurement and rebuild
Learning goal: distinguish an input correction from a changed algorithm. In a private copy, A01 changes from 10 to 13. Reviewing that correction changes A’s
independent expected mean from 10.00 to 11.00; all counts and B’s mean remain unchanged. The experiment rebuilds the complete graph and compares before/
after hashes for table, SVG, manifest, HTML and PDF.

All five outputs must change, and the immediately repeated build must run no stage. The changed expectation is justified by (13+20+0)/3=11, not copied from the
program to silence a failure. Exercise: change only the raw value first and observe check stopping publication before updating the reviewed expectation. This is
Ongoing supported by all SHAPE perspectives: the existing stages, handovers, automation, evidence and explicit evaluation carry a correction through the project.

Code

python3 ../tools/stations.py mutate data

Actual output

Captured run · exit 0

build: all; actions: validate,classify,select,summarize,check,plot,provenance,report
group n_total n_used n_missing n_rejected mean
A 5 3 1 1 11.00
B 5 3 1 1 15.00
Updated: table, SVG, manifest, HTML and PDF
build: all; actions: none

Download: Driver only · RSH-08-001.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: workflow.mk · Result: summary.tsv · figure.svg · provenance.json
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Read · workflow

#+begin_src makefile :tangle no :noweb tangle
.DEFAULT_GOAL := all
.RECIPEPREFIX := >
.DELETE_ON_ERROR:
.SUFFIXES:
PYTHON ?= python3
AWK ?= awk
RUN = $(PYTHON) build/tools/pipeline.py
.PHONY: all results check figure provenance report
all: report
results: build/results/summary.tsv
check: build/checks.json
figure: build/results/figure.svg build/results/figure.pdf
provenance: build/provenance.json
report: build/site/index.html build/site/report.pdf
build/results/validated.tsv: data/measurements.tsv build/raw.sha256 build/environment.json build/programs/validate.awk build/tools/pipeline.py
>@$(RUN) stage validate $(AWK)
build/results/classified.tsv: build/results/validated.tsv build/programs/classify.awk build/tools/pipeline.py
>@$(RUN) stage classify $(AWK)
build/results/usable.tsv: build/results/classified.tsv build/programs/select.awk build/tools/pipeline.py
>@$(RUN) stage select $(AWK)
build/results/summary.tsv: build/results/classified.tsv build/results/usable.tsv build/programs/summarize.awk build/tools/pipeline.py
>@$(RUN) stage summarize $(AWK)
build/checks.json: build/results/summary.tsv tests/expected-summary.tsv tests/cases.json $(wildcard tests/fixtures/*.tsv) $(wildcard build/programs/*.awk) build/tools/pipeline.py
>@$(RUN) check $(AWK)
build/results/figure.svg build/results/figure.pdf &: build/results/summary.tsv build/checks.json build/programs/plot.gp build/tools/pipeline.py
>@$(RUN) plot
build/provenance.json: build/results/figure.svg build/results/figure.pdf build/checks.json build/source.json build/environment.json build/invocation.json build/tangle.json $(wildcard 
build/programs/*) build/workflow.mk build/tools/pipeline.py
>@$(RUN) provenance
build/site/index.html build/site/report.pdf &: build/provenance.json build/programs/report-template.org build/programs/report.css build/tools/pipeline.py bootstrap.el
>@$(RUN) report
#+end_src
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Result · build/results/figure.svg · fictional teaching data
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RSH-08-002

Add a new group through the same interfaces
Learning goal: test an extension without hard-coded group lists. The private input gains C01, group C, value 8 and valid status. Its independently authored expected
row is C, 1 total, 1 used, 0 missing, 0 rejected, mean 8.00. The complete build must add C to the table, figure, provenance and report.

The program discovers groups from the census and sorts them explicitly; the report uses the actual table header and rows; gnuplot reads column names and the
real group count. No program edit is needed for this requirement. Exercise: instead add a group containing only NA and invalid rows, then predict an NA mean and
n=0 label. That extension tests the distinction between a discovered group and a group with an estimable mean, keeping missing results visible.

Compare with RSH-08-001 · Correct one measurement and rebuild.

Code

python3 ../tools/stations.py mutate group

Actual output

Captured run · exit 0

build: all; actions: validate,classify,select,summarize,check,plot,provenance,report
group n_total n_used n_missing n_rejected mean
A 5 3 1 1 10.00
B 5 3 1 1 15.00
C 1 1 0 0 8.00
Updated: table, SVG, manifest, HTML and PDF
build: all; actions: none

Download: Driver only · RSH-08-002.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: summarize.awk · plot.gp · Result: summary.tsv · figure.svg

Read · ordered-groups

#+begin_src awk :tangle no :noweb tangle
END {
 <<summary-header>>
 for (i=1;i<=ng;i++) for (j=i+1;j<=ng;j++) if (groups[j]<groups[i]) { t=groups[i];groups[i]=groups[j];groups[j]=t }
 for (i=1;i<=ng;i++) {
  g=groups[i]
  <<report-exclusions>>
 }
}
#+end_src
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Result · build/results/figure.svg · fictional teaching data
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RSH-08-003

Extend the requirement with a maximum
Learning goal: change the explanation, implementation and expectation together. The experiment adds a maximum usable value in a.u. while retaining every
required reference column. It edits the literary question, the summary accumulation fragment, output header and report-exclusions fragment, then independently
adds expected maxima A=20.00 and B=25.00. Retangling produces the new program and the full build checks the new seven-column table.

The maximum is initialized from the first used value, so negative-only groups would not acquire a false zero maximum. With no used values it is NA, consistent with
the mean contract. Header-based plotting still uses mean and n_used, while the report includes the new column automatically. Exercise: add a negative-only fixture
before adopting this extension. The canonical final project remains the requested six-column reference; this isolated source variant is available in this station’s
Source/Tangled views.

Compare with RSH-08-002 · Add a new group through the same interfaces.

Code

python3 ../tools/stations.py max

Actual output

Captured run · exit 0

build: all; actions: summarize,check,plot,provenance,report
group n_total n_used n_missing n_rejected mean max
A 5 3 1 1 10.00 20.00
B 5 3 1 1 15.00 25.00
Changed together: explanation, three named fragments, authored expectations
Additional checks: negative maximum=-2.00; absent maximum=NA; zero maximum=0.00

Download: Driver only · RSH-08-003.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: summarize.awk · Result: summary.tsv · figure.svg

Read · report-exclusions

#+begin_src awk :tangle no :noweb tangle
if (total[g]!=used[g]+missing[g]+rejected[g]) {
 print "handover error: count conservation failed for " g > "/dev/stderr"; exit 3
}
printf "%s\t%d\t%d\t%d\t%d\t%s\t%s\n",g,total[g],used[g],missing[g],rejected[g],(used[g] ? sprintf("%.2f",sum[g]/used[g]) : "NA"),(used[g] ? sprintf("%.2f",maximum[g]) : "NA")
#+end_src
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Result · build/results/figure.svg · fictional teaching data
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RSH-08-004

Hand over a clean and incremental build
Learning goal: verify the delivery rather than describing an intended workflow. Starting without generated files, this experiment runs the complete build with four
Make jobs, repeats it unchanged and checks the real action log. Validation, classification, selection, summary, checks, plot, provenance and report must each run
once; the second build must report actions: none.

It then launches two bootstrap processes concurrently. The advisory lock serializes their access, and GNU Make grouped targets give each SVG/PDF and HTML/PDF
pair one writer. Both see current results and add no actions. Exercise: remove a generated program and rebuild; tangling must restore it before Make evaluates its
prerequisites. The handover includes a clean source-only ZIP, a reference-output archive and the precise prerequisites. This closes the question with an executable,
explained and explicitly checked result.

Compare with RSH-08-003 · Extend the requirement with a maximum.

Code

python3 ../tools/stations.py incremental

Actual output

Captured run · exit 0

build: all; actions: validate,classify,select,summarize,check,plot,provenance,report
build: all; actions: none
Parallel Make: plot=1, report=1; unchanged second build: no stage ran
Two concurrent bootstraps: serialized; no duplicate actions

Download: Driver only · RSH-08-004.sh

Source: Read Org · Download Org · Experiment ZIP · Tangled: workflow.mk · Result: events.log.txt · summary.tsv · figure.svg · provenance.json
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Read · workflow

#+begin_src makefile :tangle no :noweb tangle
.DEFAULT_GOAL := all
.RECIPEPREFIX := >
.DELETE_ON_ERROR:
.SUFFIXES:
PYTHON ?= python3
AWK ?= awk
RUN = $(PYTHON) build/tools/pipeline.py
.PHONY: all results check figure provenance report
all: report
results: build/results/summary.tsv
check: build/checks.json
figure: build/results/figure.svg build/results/figure.pdf
provenance: build/provenance.json
report: build/site/index.html build/site/report.pdf
build/results/validated.tsv: data/measurements.tsv build/raw.sha256 build/environment.json build/programs/validate.awk build/tools/pipeline.py
>@$(RUN) stage validate $(AWK)
build/results/classified.tsv: build/results/validated.tsv build/programs/classify.awk build/tools/pipeline.py
>@$(RUN) stage classify $(AWK)
build/results/usable.tsv: build/results/classified.tsv build/programs/select.awk build/tools/pipeline.py
>@$(RUN) stage select $(AWK)
build/results/summary.tsv: build/results/classified.tsv build/results/usable.tsv build/programs/summarize.awk build/tools/pipeline.py
>@$(RUN) stage summarize $(AWK)
build/checks.json: build/results/summary.tsv tests/expected-summary.tsv tests/cases.json $(wildcard tests/fixtures/*.tsv) $(wildcard build/programs/*.awk) build/tools/pipeline.py
>@$(RUN) check $(AWK)
build/results/figure.svg build/results/figure.pdf &: build/results/summary.tsv build/checks.json build/programs/plot.gp build/tools/pipeline.py
>@$(RUN) plot
build/provenance.json: build/results/figure.svg build/results/figure.pdf build/checks.json build/source.json build/environment.json build/invocation.json build/tangle.json $(wildcard 
build/programs/*) build/workflow.mk build/tools/pipeline.py
>@$(RUN) provenance
build/site/index.html build/site/report.pdf &: build/provenance.json build/programs/report-template.org build/programs/report.css build/tools/pipeline.py bootstrap.el
>@$(RUN) report
#+end_src
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Result · build/results/figure.svg · fictional teaching data
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Example and command index

RSH-01-001 · Define the denominator

RSH-01-002 · Keep the raw input independent

RSH-01-003 · Work out the reference by hand

RSH-01-004 · Observe the complete data path

RSH-02-001 · Start from a small working calculation

RSH-02-002 · Give the summary a readable skeleton

RSH-02-003 · Reorder the explanation without changing the program

RSH-02-004 · Check expansion and single ownership

RSH-03-001 · Publish the data contract

RSH-03-002 · Replace missingness with an observed zero

RSH-03-003 · Make exclusion priority a scientific decision

RSH-03-004 · Hand over values without losing the census

RSH-04-001 · Bootstrap before the generated Makefile exists

RSH-04-002 · Run a tangled program without Org

RSH-04-003 · Execute explicit dependencies

RSH-04-004 · Separate tangle, execute and weave

RSH-05-001 · Check the independently authored reference

RSH-05-002 · Turn malformed input into useful errors

RSH-05-003 · Keep absent results absent

RSH-05-004 · Break a handover to test the invariant

RSH-06-001 · Use one summary table in the explanation

RSH-06-002 · Plot group means with visible denominators

RSH-06-003 · Build a readable HTML and PDF report

RSH-06-004 · Export without executing the explanation

RSH-07-001 · Join source, input, program and result identities

RSH-07-002 · Record the environment and real calls

RSH-07-003 · Detect tampering with a result

RSH-07-004 · Build the handover outside Git

RSH-08-001 · Correct one measurement and rebuild

RSH-08-002 · Add a new group through the same interfaces

RSH-08-003 · Extend the requirement with a maximum

RSH-08-004 · Hand over a clean and incremental build

Content: CC0 1.0. Structure and publishing framework: CC BY 4.0 by Lukas C. Bossert. Repository source · Publishing framework source · License scope and third-

party notices.
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#+TITLE: ROOT&SHAPE
#+SUBTITLE: Explain the program. Rebuild the result.
#+LANGUAGE: en
#+DATE: 2026-11-01
#+OPTIONS: toc:2 num:nil ^:nil

* A visual reference
:PROPERTIES:
:CUSTOM_ID: RSH-00-001
:GUIDE_ROLE: cover
:END:
ROOT the tools. SHAPE the workflow.

Follow one fictional research question from a raw TSV to checked means, a native
figure and a readable report. Eight chapters connect 32 executable stations.
The literary source owns the programs; the raw data and independent expectations
have separate, explicit roles.

#+begin_last-changes
*Last changes: 2026-11-01.* First complete edition: 32 real experiments, native Org tangling, AWK checks, gnuplot figures, parallel GNU Make, provenance and HTML/PDF reports.
#+end_last-changes

* Reading the tour
:PROPERTIES:
:CUSTOM_ID: RSH-00-002
:GUIDE_ROLE: reading
:GUIDE_TITLE: Four views of one explained program
:END:
#+begin_flow
#+begin_way
*Read*

Follow the question, assumptions and named literary fragment. A learning goal and a concrete decision accompany every station.
#+end_way
#+begin_way
*Source and Tangled*

Open the complete Org source used for that experiment. Inspect or download the actual extracted programs; helper blocks are not duplicate files.
#+end_way
#+begin_way
*Result*

Compare captured native output, tables and figures. Download the source-only project or repeat a station from its complete experiment bundle.
#+end_way
#+end_flow

Each station runs in a fresh private project copy. Baseline inputs are never
edited by the build. Source views in change experiments intentionally show that
experiment’s changed source; each repeatable station bundle begins from the
canonical baseline. Setup commands appear in the complete runnable example.

* ROOT the tools. SHAPE the workflow.
:PROPERTIES:
:CUSTOM_ID: RSH-00-003
:END:

- *R — Robust:* validate before accepting a handover; retain NA and real zero distinctly; fail with a useful diagnostic.
- *O — Open:* readable Org, TSV, AWK, Make and gnuplot sources, plus independently usable programs and open output formats.
- *O — Ongoing:* change a question, input or explanation together with the justified expectations and rebuild its consequences.
- *T — Time-tested:* use established tools consciously and document the actual versions and prerequisites.

- *S — Structure stages:* give the scientific processing steps clear tasks.
- *H — Harmonize handovers:* agree on formats, columns, units, missing values and interfaces.
- *A — Automate actions:* make the agreed workflow executable with explicit dependencies.
- *P — Propagate provenance:* connect sources, transformations and results with evidence.
- *E — Evaluate explicitly:* formulate expected behavior and check concrete cases.

SHAPE describes five design perspectives across the workflow. These letters do
not prescribe five execution steps. The actual dependency graph is shown below.

#+ATTR_HTML: :alt Dependency graph from fictional raw TSV through validation, classification, selection, summary, checks, native figure, provenance and report
[[file:assets/workflow.svg]]

* Build and download the study
:PROPERTIES:
:CUSTOM_ID: RSH-00-004
:END:

Download the [[file:examples/root-shape-project.zip][standalone source-only project ZIP]]
or [[file:examples/root-shape-data-and-sources.zip][sources plus captured reference results]].
Open the actual [[file:examples/research-project/build/site/index.html][reference HTML report]],
[[file:examples/research-project/build/site/report.pdf][reference PDF report]],
[[file:examples/research-project/build/provenance.json][provenance JSON]], or
[[file:examples/research-project/build/results/figure.svg][native SVG figure]].

With the documented prerequisites installed, extract the project, enter its
folder, and run =python3 build.py all --jobs 4=. Then run =python3 build.py verify=.
Inside this tour checkout, =make example= selects the existing publisher Python.
=make full= prepares the reviewed 32 stations and publishes this tour locally.

Requirements: Python 3.10+ with the supplied requirements.txt installed; batch
Emacs with Org; AWK with /dev/stderr support; gnuplot with svg and pdfcairo;
GNU Make 4.3+ (gmake is preferred, otherwise make is verified). No build uses a
network connection, account, Doom configuration or personal Emacs init file.
Installing prerequisites is a separate setup step, as in the rest of this collection.

Generated files stay below build/. The maintained bootstrap owns first-time
tangling; the generated workflow never needs to create itself. Make targets
separate results, check, figure, provenance and report. A working Org report copy
receives the table; the maintained research.org is unchanged. Unchanged rebuilds
run no scientific stage. Verification checks recorded identities rather than
claiming universal cross-platform PDF or SVG byte identity.

* Foundations and primary references
:PROPERTIES:
:CUSTOM_ID: RSH-00-005
:END:

The [[https://tours.emaix.org/tours/orgmode/#ORG-11-000][Org tour’s Babel chapter]], [[https://tours.emaix.org/tours/orgmode/#ORG-13-005][tangling example]],
[[https://tours.emaix.org/tours/orgmode/#ORG-13-008][named-fragment example]] and
[[https://tours.emaix.org/tours/orgmode/#ORG-13-009][tangle-only noweb example]] cover the mechanics. This tour concentrates on the design of a complete
explained program. Continue with the [[https://tours.emaix.org/tours/awk/][AWK]],
[[https://tours.emaix.org/tours/make/][GNU Make]] and
[[https://tours.emaix.org/tours/gnuplot/][gnuplot]] tours for individual tools.

- [[https://www-cs-faculty.stanford.edu/~knuth/lp.html][Donald E. Knuth: Literate Programming]] — explain the program in a useful reading order, then extract its computational structure.
- [[https://orgmode.org/manual/Extracting-Source-Code.html][Org manual: Extracting Source Code]] — tangling named program text.
- [[https://orgmode.org/manual/Noweb-Reference-Syntax.html][Org manual: Noweb Reference Syntax]] — textual references, evaluation calls and expansion contexts.
- [[https://orgmode.org/manual/Exporting-Code-Blocks.html][Org manual: Exporting Code Blocks]] — controlling the published representation.
- [[https://www.jstatsoft.org/article/view/v046i03][Schulte et al. (2012), A Multi-Language Computing Environment for Literate Programming and Reproducible Research, DOI 10.18637/jss.v046.i03]] — explanation and executable research in Org.
- [[https://www.cs.tufts.edu/~nr/noweb/guide.html][Norman Ramsey: noweb guide]] — the separate noweb system. Org’s noweb reference syntax is not a dependency on the standalone noweb executable; this project requires no noweb installation.

Explanations, programs, expectations and fictional data are original teaching
material. The references support the method and tool semantics; no research
measurements or quoted passages are reused.


* 01 - Start with the question
:PROPERTIES:
:CUSTOM_ID: RSH-01-000
:CHAPTER: 01
:END:

Name the scientific transformations before choosing commands. ROOT — Open is evidenced by a separate, inspectable raw TSV; SHAPE — Structure stages is evidenced by the six explicit handovers.

Chapter focus: *Structure stages*.


** RSH-01-001 | Define the denominator
:PROPERTIES:
:CUSTOM_ID: RSH-01-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-01-001-command
:LITERATE_FRAGMENT: summary-program
:END:

Learning goal: distinguish all collected records from measurements that can estimate a mean. The question is “What is the mean usable value in each fictional measurement group?” Values use arbitrary units (a.u.); this is a teaching dataset, not an empirical claim. Count the raw rows first: each group has five records, but five will not be the denominator of either mean.

Decide the stages explicitly: raw input → validation → classification/selection → group summary → figure → explanatory report. Validation establishes whether a record is well formed; selection decides whether a well-formed record is scientifically usable. A rejected row still contributes to the census. The observed A/B totals below are the first evidence for that distinction.

#+name: RSH-01-001-run
#+begin_src bash :tangle generated/RSH-01-001.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-01-001-command>>
#+end_src

#+name: RSH-01-001-command
#+begin_src bash :tangle no
awk -F '\t' 'NR>1 {n[$2]++} END {print "A",n["A"]; print "B",n["B"]}' data/measurements.tsv
#+end_src



** RSH-01-002 | Keep the raw input independent
:PROPERTIES:
:CUSTOM_ID: RSH-01-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-01-002-command
:COMPARE_TO: RSH-01-001
:LITERATE_FRAGMENT: analysis-contract
:END:

Learning goal: identify a file’s ownership before changing it. The complete input below is a maintained TSV, with real tab separators and one exact header. It is never generated from the explanation or overwritten by the build. The ten identifiers let us trace an observation through the handovers.

A03 and B04 are missing; A04 is a measured zero. A05 and B05 have invalid quality status. Do not delete those rows to obtain a convenient mean: retaining them allows the final table to explain exclusions. Every station runs in a fresh private copy of this project, so later edits remain experiments. Exercise: find the row whose accidental truth-value test would lose a legitimate observation; it is A04.

#+name: RSH-01-002-run
#+begin_src bash :tangle generated/RSH-01-002.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-01-002-command>>
#+end_src

#+name: RSH-01-002-command
#+begin_src bash :tangle no
cat data/measurements.tsv
#+end_src



** RSH-01-003 | Work out the reference by hand
:PROPERTIES:
:CUSTOM_ID: RSH-01-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-01-003-command
:COMPARE_TO: RSH-01-002
:LITERATE_FRAGMENT: summarize-by-group
:RESULT_FILES: tests/expected-summary.tsv
:END:

Learning goal: author an expectation before trusting a larger pipeline. For A, the usable values are 10, 20 and 0: sum 30, denominator 3, mean 10.00. For B, 5, 15 and 25 give sum 45, denominator 3, mean 15.00. The small independent AWK calculation below makes that arithmetic visible; the maintained expected-summary.tsv records the full expected table separately from the generated programs.

This first calculation assumes the supplied fixture is valid. It is not yet a general input validator. Its intentionally narrow role is to establish an oracle that the complete program must match. Exercise: counting A03 as zero would change the denominator to four and the mean to 7.50; that is a changed scientific assumption, not a formatting change.

#+name: RSH-01-003-run
#+begin_src bash :tangle generated/RSH-01-003.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-01-003-command>>
#+end_src

#+name: RSH-01-003-command
#+begin_src bash :tangle no
awk -F '\t' 'NR>1 && $4=="valid" && $3!="NA" {s[$2]+=$3; n[$2]++} END {split("A B",g," "); for(i=1;i<=2;i++) printf "%s: %.0f / %d = %.2f\n",g[i],s[g[i]],n[g[i]],s[g[i]]/n[g[i]]}' data/measurements.tsv
#+end_src



** RSH-01-004 | Observe the complete data path
:PROPERTIES:
:CUSTOM_ID: RSH-01-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-01-004-command
:COMPARE_TO: RSH-01-003
:LITERATE_FRAGMENT: workflow
:TANGLED_FILES: programs/summarize.awk
:RESULT_FILES: build/results/usable.tsv build/results/summary.tsv
:END:

Learning goal: connect the reference arithmetic to explicit intermediate files. The results target runs validation, classification, selection and summary, leaving all four TSV handovers available. The final census is five per group, with three used, one missing and one rejected. The six-column table is an interface used unchanged by checks, gnuplot and the report.

The program enforces n_total = n_used + n_missing + n_rejected. Classification happens before selection so exclusions remain countable after unusable rows have disappeared from the three-column usable file. The full build will later add checks, figure, provenance and report; this station deliberately stops at the scientific result. Exercise: inspect usable.tsv and confirm that A04 survives while A03 does not.

#+name: RSH-01-004-run
#+begin_src bash :tangle generated/RSH-01-004.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-01-004-command>>
#+end_src

#+name: RSH-01-004-command
#+begin_src bash :tangle no
python3 build.py results --jobs 4
cat build/results/summary.tsv
#+end_src



* 02 - Give ideas a name
:PROPERTIES:
:CUSTOM_ID: RSH-02-000
:CHAPTER: 02
:END:

Name ideas so that explanation can follow the reader rather than the interpreter. ROOT — Ongoing is evidenced by a section-reordering experiment with equal program hashes. SHAPE — Structure stages is evidenced by separately named validation, classification, selection, summary and reporting fragments.

Chapter focus: *Structure stages and Ongoing*.


** RSH-02-001 | Start from a small working calculation
:PROPERTIES:
:CUSTOM_ID: RSH-02-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-02-001-command
:LITERATE_FRAGMENT: summary-program
:END:

Learning goal: recognize the limit of a short, functional script before splitting it into named ideas. The initial calculation combines eligibility, accumulation and presentation in one expression. It already includes measured zero because it tests the missing marker explicitly. It gives the reference means, but says little about malformed input, exclusions or the provenance of those numbers.

Literate programming adds an explained program structure rather than replacing working code with prose. We keep this tiny script as a comparison, then give validation, selection, summary and reporting their own fragments. Do not extend this shorthand into the final validator: a duplicate ID or unknown status must be an error. Exercise: identify which three responsibilities share one line here, then locate their names in research.org.

#+name: RSH-02-001-run
#+begin_src bash :tangle generated/RSH-02-001.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-02-001-command>>
#+end_src

#+name: RSH-02-001-command
#+begin_src bash :tangle no
awk -F '\t' 'NR>1 && $4=="valid" && $3!="NA" {sum[$2]+=$3; used[$2]++} END {split("A B",g," "); for(i=1;i<=2;i++) printf "%s\t%d\t%.2f\n",g[i],used[g[i]],sum[g[i]]/used[g[i]]}' data/measurements.tsv
#+end_src



** RSH-02-002 | Give the summary a readable skeleton
:PROPERTIES:
:CUSTOM_ID: RSH-02-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-02-002-command
:COMPARE_TO: RSH-02-001
:LITERATE_FRAGMENT: summary-program
:END:

Learning goal: distinguish a textual reference from a computation. This master block says what the summary program contains: summarize-by-group followed by ordered-groups. Both expand other named fragments. report-exclusions is explained early in the document because the output contract helps the reader, although its code runs inside END after every row has been read.

The master uses :noweb tangle, so extraction expands <<fragment>> while publication can show the reference. Helpers use :tangle no to avoid a second top-level copy of their code. Org’s <<fragment()>> form evaluates a block and inserts its result; this project uses no evaluated noweb calls. Follow the linked Org-tour foundations for Babel mechanics; here the important decision is how names connect the scientific explanation to an actual standalone program.

#+name: RSH-02-002-run
#+begin_src bash :tangle generated/RSH-02-002.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-02-002-command>>
#+end_src

#+name: RSH-02-002-command
#+begin_src bash :tangle no
python3 ../tools/stations.py fragment summary-program
#+end_src



** RSH-02-003 | Reorder the explanation without changing the program
:PROPERTIES:
:CUSTOM_ID: RSH-02-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-02-003-command
:COMPARE_TO: RSH-02-002
:LITERATE_FRAGMENT: summary-program
:TANGLED_FILES: programs/summarize.awk
:RESULT_FILES: build/tangle.json
:END:

Learning goal: demonstrate that reader order and program order are independent. The experiment moves the complete Count every exclusion and Validate before publishing sections, including their named blocks. It changes the literary source, retangles it and compares SHA-256 values for all ten generated files. The references and their order inside master blocks stay unchanged.

Equal hashes are a concrete, local claim about this experiment. Moving text inside a fragment, renaming a referenced fragment or changing master-reference order could change the program. Exercise: put validation first for a new audience, then perform the same comparison. This is Ongoing in practice: reorganize an explanation without accidentally changing the computation. The Source view for this station contains the reordered source actually used, while the download bundle starts from the canonical baseline and repeats the experiment.

#+name: RSH-02-003-run
#+begin_src bash :tangle generated/RSH-02-003.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-02-003-command>>
#+end_src

#+name: RSH-02-003-command
#+begin_src bash :tangle no
python3 ../tools/stations.py reorder
#+end_src



** RSH-02-004 | Check expansion and single ownership
:PROPERTIES:
:CUSTOM_ID: RSH-02-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-02-004-command
:COMPARE_TO: RSH-02-003
:LITERATE_FRAGMENT: validate-program
:TANGLED_FILES: programs/validate.awk
:RESULT_FILES: build/tangle.json
:END:

Learning goal: verify what tangling actually produced. Ten master targets own ten output files: four AWK programs, a gnuplot program, the contract, report template, stylesheet, Makefile and Python execution/provenance helper. The helper fragments produce no separate files. The generated AWK files must contain no unresolved textual references, and the validator’s fail function must appear exactly once.

The assertions below inspect the generated bytes, not a parallel handwritten listing. This catches a common mistake: giving both a helper and its containing master the same tangle target, which appends duplicate code. Exercise: compare the validator master with its two helpers in the full source. Keep the helper’s :tangle no even when moving its explanatory section. Open means the resulting AWK program remains readable and usable independently of Org.

#+name: RSH-02-004-run
#+begin_src bash :tangle generated/RSH-02-004.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-02-004-command>>
#+end_src

#+name: RSH-02-004-command
#+begin_src bash :tangle no
python3 ../tools/stations.py identities
#+end_src



* 03 - Agree on the handovers
:PROPERTIES:
:CUSTOM_ID: RSH-03-000
:CHAPTER: 03
:END:

Write the contract at each boundary: field names, types, units, order and missing values. SHAPE — Harmonize handovers is evidenced by contract.json and two deliberately different treatments of the same invalid/NA record. These perspectives apply across stages, not as a five-step execution sequence.

Chapter focus: *Harmonize handovers*.


** RSH-03-001 | Publish the data contract
:PROPERTIES:
:CUSTOM_ID: RSH-03-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-03-001-command
:LITERATE_FRAGMENT: analysis-contract
:TANGLED_FILES: programs/contract.json
:END:

Learning goal: make implicit conventions inspectable. contract.json is tangled from the same explanation as the programs. Raw TSV has exactly sample_id, group, value and status; IDs are unique ASCII identifiers and groups are uppercase ASCII codes. Values are finite decimal or scientific notation in a.u., within ±1000000. NA alone denotes missingness; valid and invalid are the only quality states.

The build fixes LC_ALL=C, decimal points and ASCII group order; means use two decimals. A zero-byte input is a status-2 error because even the schema is absent. A header-only file is valid, contains no groups and yields only a summary header. Groups with no usable measurements retain their census and mean NA. Exercise: explain why a blank value or the word missing is rejected rather than silently converted to zero.

#+name: RSH-03-001-run
#+begin_src bash :tangle generated/RSH-03-001.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-03-001-command>>
#+end_src

#+name: RSH-03-001-command
#+begin_src bash :tangle no
cat build/programs/contract.json
#+end_src



** RSH-03-002 | Replace missingness with an observed zero
:PROPERTIES:
:CUSTOM_ID: RSH-03-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-03-002-command
:COMPARE_TO: RSH-03-001
:LITERATE_FRAGMENT: select-usable-measurements
:TANGLED_FILES: programs/select.awk
:RESULT_FILES: build/results/summary.tsv
:END:

Learning goal: observe the consequence of a changed input meaning. In this isolated copy, A03 changes from NA to the real value 0. The raw baseline in the downloadable canonical project stays unchanged. Rebuilding through results gives A four usable observations, zero missing, one rejected and mean 7.50. B is unchanged.

This edit does not change the exclusion rule: A04 was already a real zero and remains used. The test expectations for the original fixture would now fail, so this experiment stops before the publication checks. A real correction to the dataset would require reviewing the independent expected table and the evidence for the correction. Exercise: predict the effect of replacing B04 with zero: four used values sum to 45, giving 11.25. Distinguishing data correction from rule change keeps the handover meaningful.

#+name: RSH-03-002-run
#+begin_src bash :tangle generated/RSH-03-002.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py results --jobs 4 >/dev/null
<<RSH-03-002-command>>
#+end_src

#+name: RSH-03-002-command
#+begin_src bash :tangle no
python3 ../tools/stations.py zero-change
#+end_src



** RSH-03-003 | Make exclusion priority a scientific decision
:PROPERTIES:
:CUSTOM_ID: RSH-03-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-03-003-command
:COMPARE_TO: RSH-03-002
:LITERATE_FRAGMENT: classify-measurements
:TANGLED_FILES: programs/classify.awk
:RESULT_FILES: tests/fixtures/priority.tsv
:END:

Learning goal: distinguish two plausible classification policies with one counterexample. The fixture contains a row whose value is NA and whose status is invalid. The first run uses the agreed invalid-first rule and assigns rejected. The second changes only the conditional’s precedence and assigns missing. The experiment executes both real AWK variants on that same row.

The final project uses invalid first, so missing and rejected do not overlap. n_total can therefore be partitioned exactly. Reporting both categories for one row would inflate the exclusion count even if the computed mean happened to stay the same. Exercise: justify the alternative policy in words, then update its expected category before adopting it. Do not interpret this local comparison as permission to change the canonical rule: the reference project retains the required invalid-first semantics.

#+name: RSH-03-003-run
#+begin_src bash :tangle generated/RSH-03-003.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-03-003-command>>
#+end_src

#+name: RSH-03-003-command
#+begin_src bash :tangle no
python3 ../tools/stations.py priority-change
#+end_src



** RSH-03-004 | Hand over values without losing the census
:PROPERTIES:
:CUSTOM_ID: RSH-03-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-03-004-command
:COMPARE_TO: RSH-03-003
:LITERATE_FRAGMENT: select-usable-measurements
:TANGLED_FILES: programs/classify.awk programs/select.awk
:RESULT_FILES: build/results/classified.tsv build/results/usable.tsv
:END:

Learning goal: choose interfaces for two different consumers. classified.tsv keeps all ten validated records and assigns exactly one category to each. usable.tsv contains only sample_id, group and value for the six usable records, including A04 with value zero. The summary consumes both files: classified supplies total/missing/rejected counts, usable supplies values and their denominator.

That dual input is intentional: a group with no usable values would vanish if the summary discovered groups only from usable.tsv. No unit conversion happens here; every numeric handover remains in a.u. Exercise: follow A03 through raw, validated and classified, then explain its absence from usable without losing its contribution to n_total and n_missing. The Result download includes both handovers, so this decision can be checked row by row.

#+name: RSH-03-004-run
#+begin_src bash :tangle generated/RSH-03-004.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py results --jobs 4 >/dev/null
<<RSH-03-004-command>>
#+end_src

#+name: RSH-03-004-command
#+begin_src bash :tangle no
cat build/results/usable.tsv
#+end_src



* 04 - Tangle and run
:PROPERTIES:
:CUSTOM_ID: RSH-04-000
:CHAPTER: 04
:END:

Separate extraction from execution and publication. SHAPE — Automate actions is evidenced by a maintained bootstrap that tangles before invoking the generated Makefile. ROOT — Time-tested requires real prerequisites: batch Emacs/Org, AWK, GNU Make 4.3+ grouped targets and gnuplot svg/pdfcairo terminals.

Chapter focus: *Automate actions*.


** RSH-04-001 | Bootstrap before the generated Makefile exists
:PROPERTIES:
:CUSTOM_ID: RSH-04-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-04-001-command
:LITERATE_FRAGMENT: make-program
:TANGLED_FILES: workflow.mk
:RESULT_FILES: build/tangle.json
:END:

Learning goal: solve the first-build dependency explicitly. A maintained build.py and bootstrap.el exist before any generated program. Batch Emacs tangles research.org into a staging directory; the bootstrap installs changed files under build/ and only then calls GNU Make on build/workflow.mk. The generated Makefile does not need to create itself.

This station starts without build/. Its output counts ten installed targets. Emacs runs with -Q and Babel execution disabled; no Doom configuration, account or network is used. GNU Make 4.3+ is a real requirement because grouped targets prevent duplicate writers for output pairs. Exercise: remove build/ and run the command again. The same bootstrap must work without copying a previous Makefile from a successful run.

#+name: RSH-04-001-run
#+begin_src bash :tangle generated/RSH-04-001.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-04-001-command>>
#+end_src

#+name: RSH-04-001-command
#+begin_src bash :tangle no
python3 build.py tangle
#+end_src



** RSH-04-002 | Run a tangled program without Org
:PROPERTIES:
:CUSTOM_ID: RSH-04-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-04-002-command
:COMPARE_TO: RSH-04-001
:LITERATE_FRAGMENT: validate-input
:TANGLED_FILES: programs/validate.awk
:RESULT_FILES: build/validated-direct.tsv
:END:

Learning goal: prove that extraction leaves an independently executable program. AWK reads the generated validate.awk and the maintained raw TSV; its successful output must match the original input exactly. cmp checks those bytes before the success message is printed. No Org session is involved in this execution.

The validator passes well-formed records through, including invalid quality status and NA: those are valid data states, not syntax errors. Classification makes the scientific inclusion decision later. Direct AWK may emit an initial valid prefix before a subsequent error; the workflow runner captures that output and installs a handover only on success, so a partial stream never becomes a published result. Exercise: run the same program on tests/fixtures/duplicate.tsv and inspect its nonzero status and useful line number.

#+name: RSH-04-002-run
#+begin_src bash :tangle generated/RSH-04-002.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-04-002-command>>
#+end_src

#+name: RSH-04-002-command
#+begin_src bash :tangle no
awk -f build/programs/validate.awk data/measurements.tsv > build/validated-direct.tsv
cmp data/measurements.tsv build/validated-direct.tsv
printf 'Standalone AWK validation: exact TSV passthrough\n'
#+end_src



** RSH-04-003 | Execute explicit dependencies
:PROPERTIES:
:CUSTOM_ID: RSH-04-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-04-003-command
:COMPARE_TO: RSH-04-002
:LITERATE_FRAGMENT: workflow
:TANGLED_FILES: workflow.mk
:RESULT_FILES: build/results/summary.tsv build/receipts/summarize.json
:END:

Learning goal: see what the generated workflow actually runs. The results target has four file targets with explicit raw-data and program prerequisites. Each native command has a receipt recording its argv, successful status and output hash. The bootstrap fixes the locale and chooses the active Python environment, while AWK does the scientific calculation.

The observed action list is validate, classify, select, summarize. The generated Makefile, shown in Tangled, names both summary inputs and does not rely on shell-session state. A checksum side file also notices a changed raw input even if its mtime was preserved. Exercise: inspect summary.tsv and the summarize receipt, then identify which prerequisite would change if the usable-selection rule changed. Make tracks this real graph; SHAPE’s five perspectives describe its design, not its execution order.

#+name: RSH-04-003-run
#+begin_src bash :tangle generated/RSH-04-003.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-04-003-command>>
#+end_src

#+name: RSH-04-003-command
#+begin_src bash :tangle no
python3 build.py results --jobs 4
cat build/results/summary.tsv
#+end_src



** RSH-04-004 | Separate tangle, execute and weave
:PROPERTIES:
:CUSTOM_ID: RSH-04-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-04-004-command
:COMPARE_TO: RSH-04-003
:LITERATE_FRAGMENT: pipeline-program
:TANGLED_FILES: tools/pipeline.py
:RESULT_FILES: build/receipts/report.json
:END:

Learning goal: identify three operations with different effects. Tangle creates standalone program text. Execute applies those programs to inputs and captures result files. Weave/export publishes an explanation using those already produced results. The three commands below make the boundaries observable: first ten program files, then four scientific actions, then checks, native plot, manifest and report.

The maintained research.org is never used as a scratch buffer for result insertion. The report is filled into build/site/report.org, then batch Org exports that working copy to HTML; the existing PDF libraries produce its PDF. Exercise: after building, compare research.org with its original checksum. Changing export styling should not change a mean, while changing a scientific fragment should invalidate the appropriate calculation. The Result receipt records the real export command and PDF API operation.

#+name: RSH-04-004-run
#+begin_src bash :tangle generated/RSH-04-004.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-04-004-command>>
#+end_src

#+name: RSH-04-004-command
#+begin_src bash :tangle no
python3 build.py tangle
python3 build.py results --jobs 4
python3 build.py all --jobs 4
#+end_src



* 05 - Make assumptions testable
:PROPERTIES:
:CUSTOM_ID: RSH-05-000
:CHAPTER: 05
:END:

State an expected result independently of the program, then try to disprove it. ROOT — Robust is evidenced by useful status-2 input errors and a status-3 conservation failure. SHAPE — Evaluate explicitly is evidenced by the authored reference and sixteen edge/error fixtures.

Chapter focus: *Evaluate explicitly and Robust*.


** RSH-05-001 | Check the independently authored reference
:PROPERTIES:
:CUSTOM_ID: RSH-05-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-05-001-command
:LITERATE_FRAGMENT: evaluate-explicitly
:TANGLED_FILES: tools/pipeline.py
:RESULT_FILES: build/checks.json tests/expected-summary.tsv
:END:

Learning goal: test meaning as well as successful execution. The check target compares the complete summary bytes with tests/expected-summary.tsv, written from the hand calculation rather than copied from program output. It also runs sixteen fixture cases through native AWK and checks their expected rows, statuses and diagnostics. The short display below verifies the reference and the conservation equation again.

The expected A and B means are 10.00 and 15.00, each with counts 5 = 3 + 1 + 1. These are scientific expectations for the recorded input and environment, not a claim that every platform will emit byte-identical figures or PDFs. Exercise: intentionally change A’s expected mean to 10.01 in a private copy. The build must stop at check rather than quietly publish a new figure.

#+name: RSH-05-001-run
#+begin_src bash :tangle generated/RSH-05-001.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py check --jobs 4 >/dev/null
<<RSH-05-001-command>>
#+end_src

#+name: RSH-05-001-command
#+begin_src bash :tangle no
python3 ../tools/stations.py reference
#+end_src



** RSH-05-002 | Turn malformed input into useful errors
:PROPERTIES:
:CUSTOM_ID: RSH-05-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-05-002-command
:COMPARE_TO: RSH-05-001
:LITERATE_FRAGMENT: validate-input
:TANGLED_FILES: programs/validate.awk
:RESULT_FILES: tests/fixtures/duplicate.tsv tests/fixtures/status.tsv
:END:

Learning goal: distinguish invalid quality from invalid syntax. A quality status of invalid is an allowed state and excludes a row later. An unknown status is a schema error. The native runs below demonstrate duplicate IDs, an unexpected status, three instead of four fields, and a nonnumeric value. Each stops with status 2 and identifies the offending line.

Numeric syntax is checked even for rejected rows, so junk values cannot hide behind quality exclusions. Other authored cases test the header, zero-byte input, out-of-range exponent and empty group. The runner captures native stderr and refuses to install an unsuccessful handover. Exercise: repair the duplicate fixture by changing only the second ID; predict that both rows then contribute to the group census. A useful diagnostic explains what the user can fix without fabricating a scientific result.

#+name: RSH-05-002-run
#+begin_src bash :tangle generated/RSH-05-002.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-05-002-command>>
#+end_src

#+name: RSH-05-002-command
#+begin_src bash :tangle no
for name in duplicate status fields number; do
  python3 ../tools/stations.py case "$name"
done
#+end_src



** RSH-05-003 | Keep absent results absent
:PROPERTIES:
:CUSTOM_ID: RSH-05-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-05-003-command
:COMPARE_TO: RSH-05-002
:LITERATE_FRAGMENT: plot-results
:TANGLED_FILES: programs/plot.gp
:RESULT_FILES: build/experiment/missing/summary.tsv build/experiment/missing/figure.svg build/experiment/header-only/figure.svg
:END:

Learning goal: distinguish an actual zero, an all-missing group and no groups at all. The zero fixture produces mean 0.00 with n_used=1. A missing-only group retains n_total=1 but has n_used=0 and mean NA. A header-only input yields the summary header and no rows; a zero-byte input is an error because the required header is missing.

The missing-only and no-group tables are also passed through native gnuplot here. One figure labels n=0 and omits the missing bar; the other displays No groups. No invented zero is plotted to make an empty dataset look complete. Exercise: add a valid zero to the missing-only group: n_total becomes 2, n_used becomes 1 and the mean becomes 0.00. The data meaning, rather than plotting convenience, determines that change.

#+name: RSH-05-003-run
#+begin_src bash :tangle generated/RSH-05-003.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-05-003-command>>
#+end_src

#+name: RSH-05-003-command
#+begin_src bash :tangle no
python3 ../tools/stations.py case zero
python3 ../tools/stations.py case empty
python3 ../tools/stations.py empty-figures
#+end_src



** RSH-05-004 | Break a handover to test the invariant
:PROPERTIES:
:CUSTOM_ID: RSH-05-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-05-004-command
:COMPARE_TO: RSH-05-003
:LITERATE_FRAGMENT: report-exclusions
:TANGLED_FILES: programs/summarize.awk
:RESULT_FILES: build/results/usable.tsv
:END:

Learning goal: check an agreement between stages, not just isolated functions. This private experiment removes the last usable row after selection, then calls the generated summarizer with the unchanged classified census. B would have three classified used records but only two handed-over values. The summarizer detects that the categories no longer conserve the total and exits with status 3.

This is a deliberately corrupted internal handover, not an accepted missing-value convention. The normal Make graph regenerates usable.tsv from its producer; consumers should not edit generated results. Exercise: explain why silently computing a mean from the shortened file would conceal data loss. The observed handover error is concrete evidence for both Robust and Evaluate explicitly. In the canonical project, the untouched usable file still yields all required reference results.

#+name: RSH-05-004-run
#+begin_src bash :tangle generated/RSH-05-004.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py results --jobs 4 >/dev/null
<<RSH-05-004-command>>
#+end_src

#+name: RSH-05-004-command
#+begin_src bash :tangle no
python3 ../tools/stations.py conservation
#+end_src



* 06 - Connect analysis and explanation
:PROPERTIES:
:CUSTOM_ID: RSH-06-000
:CHAPTER: 06
:END:

Use the same summary in a table, a native plot and a readable report. SHAPE — Harmonize handovers is evidenced by named TSV columns; Automate actions by the grouped figure and report targets. ROOT — Open is evidenced by portable program downloads and a report with source/evidence attachments.

Chapter focus: *Harmonize handovers and Automate actions*.


** RSH-06-001 | Use one summary table in the explanation
:PROPERTIES:
:CUSTOM_ID: RSH-06-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-06-001-command
:LITERATE_FRAGMENT: report-template
:TANGLED_FILES: programs/report-template.org
:RESULT_FILES: build/results/summary.tsv
:END:

Learning goal: connect computed evidence to a readable claim. The six-column TSV is the sole numeric input for the report table and figure. The template explains the eligibility policy and identifies the data as fictional teaching measurements. A reader can audit the denominator and both exclusion counts without reverse-engineering the plot.

Means describe the supplied measurements; no population inference or uncertainty estimate is claimed for this tiny invented dataset. The table retains NA where a mean is unavailable, and it sorts group names explicitly rather than trusting AWK’s associative-array iteration order. Exercise: add a third group in a private copy and predict that its position follows ASCII group order. A report that hard-codes A and B would fail that handover; this template reads every summary row and its actual header.

#+name: RSH-06-001-run
#+begin_src bash :tangle generated/RSH-06-001.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-06-001-command>>
#+end_src

#+name: RSH-06-001-command
#+begin_src bash :tangle no
cat build/results/summary.tsv
#+end_src



** RSH-06-002 | Plot group means with visible denominators
:PROPERTIES:
:CUSTOM_ID: RSH-06-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-06-002-command
:COMPARE_TO: RSH-06-001
:LITERATE_FRAGMENT: plot-results
:TANGLED_FILES: programs/plot.gp
:RESULT_FILES: build/results/figure.svg build/results/figure.pdf
:END:

Learning goal: make a plot communicate the inclusion decision. Native gnuplot reads columns by their header names and emits both SVG and vector PDF in one action. Each bar carries n_used; A and B both have n=3. The axes name the group and mean in a.u., and the caption labels the measurements as fictional teaching data.

Zero means remain legitimate plotted values. Missing means do not become zero-height observations; the missing-only and no-group cases were rendered in the preceding chapter. No uncertainty bars are invented. Exercise: remove the n labels temporarily and explain what important difference between five collected and three used measurements becomes invisible. The assertions below inspect the real SVG text and native PDF; the Result panel shows the actual figure produced by that run.

#+name: RSH-06-002-run
#+begin_src bash :tangle generated/RSH-06-002.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-06-002-command>>
#+end_src

#+name: RSH-06-002-command
#+begin_src bash :tangle no
python3 ../tools/stations.py figure
#+end_src



** RSH-06-003 | Build a readable HTML and PDF report
:PROPERTIES:
:CUSTOM_ID: RSH-06-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-06-003-command
:COMPARE_TO: RSH-06-002
:LITERATE_FRAGMENT: report-template
:TANGLED_FILES: programs/report-template.org programs/report.css
:RESULT_FILES: build/site/index.html build/site/report.pdf
:REFERENCE_PROJECT: yes
:END:

Learning goal: hand over evidence in formats a colleague can read. The generated report combines the actual table, native figure, inclusion policy, test summary, source revision and relative links to source, input, programs and manifest. Batch Org exports the working report; the publisher’s existing WeasyPrint/PyMuPDF dependencies create the PDF and embed the source, raw data and manifest.

The Org template protects its own heading and keyword lines with a leading comma; extraction removes that protection. The checks below open the actual HTML and PDF, look for both reference means and the fictional-data label, and verify three embedded evidence files. The full standalone project download includes sources and prerequisites; the reference-output archive includes the produced reports. Exercise: inspect the HTML table and PDF figure together and confirm that both disclose n=3. Styling changes belong in the literate report-style fragment so that the source remains authoritative.

#+name: RSH-06-003-run
#+begin_src bash :tangle generated/RSH-06-003.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-06-003-command>>
#+end_src

#+name: RSH-06-003-command
#+begin_src bash :tangle no
python3 ../tools/stations.py report
#+end_src



** RSH-06-004 | Export without executing the explanation
:PROPERTIES:
:CUSTOM_ID: RSH-06-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-06-004-command
:COMPARE_TO: RSH-06-003
:LITERATE_FRAGMENT: validate-program
:TANGLED_FILES: programs/validate.awk
:RESULT_FILES: build/literate.html
:END:

Learning goal: keep publication separate from calculation. This station exports the full research.org itself, in addition to the compact working report. Because :noweb tangle expands only on extraction and Babel evaluation is disabled for export, the published source still displays <<validate-input>> as a reference. It does not rerun AWK or insert results into the maintained document.

The actual export is checked for that textual reference and the source checksum is compared before and after. This distinguishes weave/export from both tangle and execute. Exercise: reorder a prose section and export again; the presentation changes while the same references still tangle to the same program. Org’s evaluated noweb-call form is not used here. The source download and Tangled files let a reader inspect both representations without installing an editor configuration.

#+name: RSH-06-004-run
#+begin_src bash :tangle generated/RSH-06-004.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py tangle --jobs 4 >/dev/null
<<RSH-06-004-command>>
#+end_src

#+name: RSH-06-004-command
#+begin_src bash :tangle no
python3 ../tools/stations.py weave
#+end_src



* 07 - Carry provenance forward
:PROPERTIES:
:CUSTOM_ID: RSH-07-000
:CHAPTER: 07
:END:

Connect the actual inputs, programs, commands, environment and results. SHAPE — Propagate provenance is evidenced by a machine-readable manifest and a tampering experiment. ROOT — Time-tested means recording the implementations actually used, not assuming all installations behave identically.

Chapter focus: *Propagate provenance*.


** RSH-07-001 | Join source, input, program and result identities
:PROPERTIES:
:CUSTOM_ID: RSH-07-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-07-001-command
:LITERATE_FRAGMENT: propagate-provenance
:TANGLED_FILES: tools/pipeline.py
:RESULT_FILES: build/provenance.json
:END:

Learning goal: follow a result through a machine-readable evidence chain. provenance.json hashes the raw TSV, independent expectations and fixtures; the maintained literary/bootstrap sources; all ten generated programs/templates; and the scientific results, checks and native figures. Every published path is relative. The assertions below recompute every listed SHA-256 value.

The manifest excludes itself and the downstream HTML/PDF reports, avoiding a hash cycle. A later report receipt records those report hashes separately, and the PDF embeds the manifest it describes. No run timestamp forces a new build. Exercise: locate the source hash, the summarize.awk hash and the summary.tsv hash and explain their different roles. Propagating provenance means connecting the actual transformation, not merely stamping a final document with a date.

#+name: RSH-07-001-run
#+begin_src bash :tangle generated/RSH-07-001.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-07-001-command>>
#+end_src

#+name: RSH-07-001-command
#+begin_src bash :tangle no
python3 ../tools/stations.py provenance
#+end_src



** RSH-07-002 | Record the environment and real calls
:PROPERTIES:
:CUSTOM_ID: RSH-07-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-07-002-command
:COMPARE_TO: RSH-07-001
:LITERATE_FRAGMENT: propagate-provenance
:TANGLED_FILES: tools/pipeline.py
:RESULT_FILES: build/environment.json build/receipts/summarize.json
:END:

Learning goal: distinguish documented prerequisites from the implementations actually used. The manifest records Python, Emacs/Org, AWK, GNU Make, gnuplot and PDF-library versions, plus the AWK executable’s SHA-256 identity. It includes actual native argv from successful stages and fixture runs, the textual tangle invocation and the bootstrap/Make invocation with its parameters.

The displayed version strings are captured evidence from this build. They are not promises that every version or AWK implementation has been tested. ROOT — Time-tested means choosing established tools with conscious requirements: /dev/stderr support, GNU Make grouped targets, gnuplot svg/pdfcairo and Python’s available PDF libraries. Exercise: inspect a different environment’s manifest before comparing its result table. Reproduction here means the same scientific result for the recorded input and environment; portable PDF byte identity has not been claimed.

#+name: RSH-07-002-run
#+begin_src bash :tangle generated/RSH-07-002.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-07-002-command>>
#+end_src

#+name: RSH-07-002-command
#+begin_src bash :tangle no
python3 ../tools/stations.py versions
#+end_src



** RSH-07-003 | Detect tampering with a result
:PROPERTIES:
:CUSTOM_ID: RSH-07-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-07-003-command
:COMPARE_TO: RSH-07-002
:LITERATE_FRAGMENT: verify-handover
:TANGLED_FILES: tools/pipeline.py
:RESULT_FILES: build/provenance.json
:END:

Learning goal: test whether the evidence chain can reveal an unauthorized change. The experiment replaces A’s mean with 99.00 in the generated summary without changing its manifest. Verification must report a summary.tsv hash mismatch. It then restores the exact original bytes and checks the complete manifest and report receipt successfully.

A checksum mismatch identifies inconsistency, not its cause: it could be an edit, corruption or the wrong file. The proper response is to inspect the source and rebuild through the checks, not rewrite a hash to hide the change. Exercise: repeat with the raw TSV in a private copy and identify which role fails first. Verification is deliberately separate from regeneration so that evidence can be checked without overwriting the object being examined.

#+name: RSH-07-003-run
#+begin_src bash :tangle generated/RSH-07-003.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-07-003-command>>
#+end_src

#+name: RSH-07-003-command
#+begin_src bash :tangle no
python3 ../tools/stations.py tamper
#+end_src



** RSH-07-004 | Build the handover outside Git
:PROPERTIES:
:CUSTOM_ID: RSH-07-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-07-004-command
:COMPARE_TO: RSH-07-003
:LITERATE_FRAGMENT: propagate-provenance
:END:

Learning goal: prove that the example is self-contained. The experiment copies only maintained sources, data, bootstrap, requirements and fixtures into a temporary folder outside the checkout, then builds and verifies the entire project. No previous build output or parent repository is available.

The manifest records commit=null and dirty=null when Git metadata is unavailable. Inside a checkout it records the actual revision and working-tree state, without inventing a clean revision. Neither case introduces an absolute machine-specific path into the manifest. Exercise: extract the project ZIP into a new folder, activate an environment with the documented prerequisites, and use python3 build.py all --jobs 4. The absence of Git is a supported handover condition; the absence of a required executable should instead produce a concrete prerequisite error.

#+name: RSH-07-004-run
#+begin_src bash :tangle generated/RSH-07-004.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-07-004-command>>
#+end_src

#+name: RSH-07-004-command
#+begin_src bash :tangle no
python3 ../tools/stations.py outside-git
#+end_src



* 08 - Change, rebuild and hand over
:PROPERTIES:
:CUSTOM_ID: RSH-08-000
:CHAPTER: 08
:END:

Treat a changed requirement as a change to the explanation, interfaces, program, expectations and handover together. ROOT — Ongoing is evidenced by three isolated edits and regenerated results. Structure stages, Harmonize handovers, Automate actions, Propagate provenance and Evaluate explicitly remain design perspectives on this one dependency graph.

Chapter focus: *All five SHAPE perspectives and Ongoing*.


** RSH-08-001 | Correct one measurement and rebuild
:PROPERTIES:
:CUSTOM_ID: RSH-08-001
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-08-001-command
:LITERATE_FRAGMENT: workflow
:TANGLED_FILES: workflow.mk
:RESULT_FILES: build/results/summary.tsv build/results/figure.svg build/provenance.json
:END:

Learning goal: distinguish an input correction from a changed algorithm. In a private copy, A01 changes from 10 to 13. Reviewing that correction changes A’s independent expected mean from 10.00 to 11.00; all counts and B’s mean remain unchanged. The experiment rebuilds the complete graph and compares before/after hashes for table, SVG, manifest, HTML and PDF.

All five outputs must change, and the immediately repeated build must run no stage. The changed expectation is justified by (13+20+0)/3=11, not copied from the program to silence a failure. Exercise: change only the raw value first and observe check stopping publication before updating the reviewed expectation. This is Ongoing supported by all SHAPE perspectives: the existing stages, handovers, automation, evidence and explicit evaluation carry a correction through the project.

#+name: RSH-08-001-run
#+begin_src bash :tangle generated/RSH-08-001.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-08-001-command>>
#+end_src

#+name: RSH-08-001-command
#+begin_src bash :tangle no
python3 ../tools/stations.py mutate data
#+end_src



** RSH-08-002 | Add a new group through the same interfaces
:PROPERTIES:
:CUSTOM_ID: RSH-08-002
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-08-002-command
:COMPARE_TO: RSH-08-001
:LITERATE_FRAGMENT: ordered-groups
:TANGLED_FILES: programs/summarize.awk programs/plot.gp
:RESULT_FILES: build/results/summary.tsv build/results/figure.svg
:END:

Learning goal: test an extension without hard-coded group lists. The private input gains C01, group C, value 8 and valid status. Its independently authored expected row is C, 1 total, 1 used, 0 missing, 0 rejected, mean 8.00. The complete build must add C to the table, figure, provenance and report.

The program discovers groups from the census and sorts them explicitly; the report uses the actual table header and rows; gnuplot reads column names and the real group count. No program edit is needed for this requirement. Exercise: instead add a group containing only NA and invalid rows, then predict an NA mean and n=0 label. That extension tests the distinction between a discovered group and a group with an estimable mean, keeping missing results visible.

#+name: RSH-08-002-run
#+begin_src bash :tangle generated/RSH-08-002.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-08-002-command>>
#+end_src

#+name: RSH-08-002-command
#+begin_src bash :tangle no
python3 ../tools/stations.py mutate group
#+end_src



** RSH-08-003 | Extend the requirement with a maximum
:PROPERTIES:
:CUSTOM_ID: RSH-08-003
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-08-003-command
:COMPARE_TO: RSH-08-002
:LITERATE_FRAGMENT: report-exclusions
:TANGLED_FILES: programs/summarize.awk
:RESULT_FILES: build/results/summary.tsv build/results/figure.svg
:END:

Learning goal: change the explanation, implementation and expectation together. The experiment adds a maximum usable value in a.u. while retaining every required reference column. It edits the literary question, the summary accumulation fragment, output header and report-exclusions fragment, then independently adds expected maxima A=20.00 and B=25.00. Retangling produces the new program and the full build checks the new seven-column table.

The maximum is initialized from the first used value, so negative-only groups would not acquire a false zero maximum. With no used values it is NA, consistent with the mean contract. Header-based plotting still uses mean and n_used, while the report includes the new column automatically. Exercise: add a negative-only fixture before adopting this extension. The canonical final project remains the requested six-column reference; this isolated source variant is available in this station’s Source/Tangled views.

#+name: RSH-08-003-run
#+begin_src bash :tangle generated/RSH-08-003.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
python3 build.py all --jobs 4 >/dev/null
<<RSH-08-003-command>>
#+end_src

#+name: RSH-08-003-command
#+begin_src bash :tangle no
python3 ../tools/stations.py max
#+end_src



** RSH-08-004 | Hand over a clean and incremental build
:PROPERTIES:
:CUSTOM_ID: RSH-08-004
:SHELLS: bash
:EXPECT_EXIT: 0
:DISPLAY_BLOCK: RSH-08-004-command
:COMPARE_TO: RSH-08-003
:LITERATE_FRAGMENT: workflow
:TANGLED_FILES: workflow.mk
:RESULT_FILES: build/events.log build/results/summary.tsv build/results/figure.svg build/provenance.json
:END:

Learning goal: verify the delivery rather than describing an intended workflow. Starting without generated files, this experiment runs the complete build with four Make jobs, repeats it unchanged and checks the real action log. Validation, classification, selection, summary, checks, plot, provenance and report must each run once; the second build must report actions: none.

It then launches two bootstrap processes concurrently. The advisory lock serializes their access, and GNU Make grouped targets give each SVG/PDF and HTML/PDF pair one writer. Both see current results and add no actions. Exercise: remove a generated program and rebuild; tangling must restore it before Make evaluates its prerequisites. The handover includes a clean source-only ZIP, a reference-output archive and the precise prerequisites. This closes the question with an executable, explained and explicitly checked result.

#+name: RSH-08-004-run
#+begin_src bash :tangle generated/RSH-08-004.sh :mkdirp yes :noweb yes
set -euo pipefail
export LC_ALL=C
cd project
<<RSH-08-004-command>>
#+end_src

#+name: RSH-08-004-command
#+begin_src bash :tangle no
python3 ../tools/stations.py incremental
#+end_src



[
  {
    "id": "RSH-01-001",
    "title": "Define the denominator"
  },
  {
    "id": "RSH-01-002",
    "title": "Keep the raw input independent"
  },
  {
    "id": "RSH-01-003",
    "title": "Work out the reference by hand"
  },
  {
    "id": "RSH-01-004",
    "title": "Observe the complete data path"
  },
  {
    "id": "RSH-02-001",
    "title": "Start from a small working calculation"
  },
  {
    "id": "RSH-02-002",
    "title": "Give the summary a readable skeleton"
  },
  {
    "id": "RSH-02-003",
    "title": "Reorder the explanation without changing the program"
  },
  {
    "id": "RSH-02-004",
    "title": "Check expansion and single ownership"
  },
  {
    "id": "RSH-03-001",
    "title": "Publish the data contract"
  },
  {
    "id": "RSH-03-002",
    "title": "Replace missingness with an observed zero"
  },
  {
    "id": "RSH-03-003",
    "title": "Make exclusion priority a scientific decision"
  },
  {
    "id": "RSH-03-004",
    "title": "Hand over values without losing the census"
  },
  {
    "id": "RSH-04-001",
    "title": "Bootstrap before the generated Makefile exists"
  },
  {
    "id": "RSH-04-002",
    "title": "Run a tangled program without Org"
  },
  {
    "id": "RSH-04-003",
    "title": "Execute explicit dependencies"
  },
  {
    "id": "RSH-04-004",
    "title": "Separate tangle, execute and weave"
  },
  {
    "id": "RSH-05-001",
    "title": "Check the independently authored reference"
  },
  {
    "id": "RSH-05-002",
    "title": "Turn malformed input into useful errors"
  },
  {
    "id": "RSH-05-003",
    "title": "Keep absent results absent"
  },
  {
    "id": "RSH-05-004",
    "title": "Break a handover to test the invariant"
  },
  {
    "id": "RSH-06-001",
    "title": "Use one summary table in the explanation"
  },
  {
    "id": "RSH-06-002",
    "title": "Plot group means with visible denominators"
  },
  {
    "id": "RSH-06-003",
    "title": "Build a readable HTML and PDF report"
  },
  {
    "id": "RSH-06-004",
    "title": "Export without executing the explanation"
  },
  {
    "id": "RSH-07-001",
    "title": "Join source, input, program and result identities"
  },
  {
    "id": "RSH-07-002",
    "title": "Record the environment and real calls"
  },
  {
    "id": "RSH-07-003",
    "title": "Detect tampering with a result"
  },
  {
    "id": "RSH-07-004",
    "title": "Build the handover outside Git"
  },
  {
    "id": "RSH-08-001",
    "title": "Correct one measurement and rebuild"
  },
  {
    "id": "RSH-08-002",
    "title": "Add a new group through the same interfaces"
  },
  {
    "id": "RSH-08-003",
    "title": "Extend the requirement with a maximum"
  },
  {
    "id": "RSH-08-004",
    "title": "Hand over a clean and incremental build"
  }
]



# Licensing

These terms apply to original material by Lukas C. Bossert in this repository,
including its published HTML/PDF guides and downloadable packages.
The two licenses cover different parts of the project.

## Content — CC0 1.0 Universal

Tutorial prose, documentation text, individual example code, input fixtures,
example results, plots, illustrations and repository artwork are dedicated to
the public domain under [CC0 1.0 Universal](https://creativecommons.org/publicdomain/zero/1.0/).
You may reuse this content without attribution. Full legal text:
[LICENSES/CC0-1.0.txt](LICENSES/CC0-1.0.txt).

## Structure — CC BY 4.0 International

The original, copyrightable selection and arrangement of the tours, page design,
layouts, templates and the publishing/build framework implementation are licensed
under [Creative Commons Attribution 4.0 International](https://creativecommons.org/licenses/by/4.0/).
This includes publisher, rendering, navigation and build code; tutorial example
code remains CC0. Copyright in this structural material: Lukas C. Bossert.
Full legal text: [LICENSES/CC-BY-4.0.txt](LICENSES/CC-BY-4.0.txt).

When sharing this structural material or adaptations, give appropriate credit,
retain supplied notices, link to CC BY 4.0 and the source where reasonably
practicable, and indicate changes. A suitable credit is:

> Tour guides structure and publishing framework by Lukas C. Bossert,
> licensed under CC BY 4.0. Source: https://codeberg.org/lukascbossert/tourguides.
> Changes: describe your changes, if any.

Abstract ideas, methods and facts are not subject to these copyright conditions.
Credit for inspiration from the tour concept is appreciated as a courtesy.
See [Creative Commons' explanation of ideas and database structure](https://creativecommons.org/faq/#what-components-of-a-database-are-protected-by-copyright).

## Third-party material

Existing third-party material, fonts, dependencies, quoted material and their
license/attribution notices retain their respective terms. The terms above apply
only to rights held by Lukas C. Bossert; they do not relicense third-party work.
Both Creative Commons legal tools include their own warranty disclaimers.



Attribution 4.0 International

=======================================================================
Creative Commons Corporation ("Creative Commons") is not a law firm and
does not provide legal services or legal advice. Distribution of
Creative Commons public licenses does not create a lawyer-client or
other relationship. Creative Commons makes its licenses and related
information available on an "as-is" basis. Creative Commons gives no
warranties regarding its licenses, any material licensed under their
terms and conditions, or any related information. Creative Commons
disclaims all liability for damages resulting from their use to the
fullest extent possible.
Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and
conditions that creators and other rights holders may use to share
original works of authorship and other material subject to copyright
and certain other rights specified in the public license below. The
following considerations are for informational purposes only, are not
exhaustive, and do not form part of our licenses.
     Considerations for licensors: Our public licenses are
     intended for use by those authorized to give the public
     permission to use material in ways otherwise restricted by
     copyright and certain other rights. Our licenses are
     irrevocable. Licensors should read and understand the terms
     and conditions of the license they choose before applying it.
     Licensors should also secure all rights necessary before
     applying our licenses so that the public can reuse the
     material as expected. Licensors should clearly mark any
     material not subject to the license. This includes other CC-
     licensed material, or material used under an exception or
     limitation to copyright. More considerations for licensors:
    wiki.creativecommons.org/Considerations_for_licensors
     Considerations for the public: By using one of our public
     licenses, a licensor grants the public permission to use the
     licensed material under specified terms and conditions. If
     the licensor's permission is not necessary for any reason--for
     example, because of any applicable exception or limitation to
     copyright--then that use is not regulated by the license. Our
     licenses grant only permissions under copyright and certain
     other rights that a licensor has authority to grant. Use of
     the licensed material may still be restricted for other
     reasons, including because others have copyright or other
     rights in the material. A licensor may make special requests,
     such as asking that all changes be marked or described.
     Although not required by our licenses, you are encouraged to
     respect those requests where reasonable. More considerations
     for the public:
    wiki.creativecommons.org/Considerations_for_licensees
=======================================================================

Creative Commons Attribution 4.0 International Public License
By exercising the Licensed Rights (defined below), You accept and agree
to be bound by the terms and conditions of this Creative Commons
Attribution 4.0 International Public License ("Public License"). To the
extent this Public License may be interpreted as a contract, You are
granted the Licensed Rights in consideration of Your acceptance of
these terms and conditions, and the Licensor grants You such rights in
consideration of benefits the Licensor receives from making the
Licensed Material available under these terms and conditions.

Section 1 -- Definitions.
  a. Adapted Material means material subject to Copyright and Similar
     Rights that is derived from or based upon the Licensed Material
     and in which the Licensed Material is translated, altered,
     arranged, transformed, or otherwise modified in a manner requiring
     permission under the Copyright and Similar Rights held by the
     Licensor. For purposes of this Public License, where the Licensed
     Material is a musical work, performance, or sound recording,
     Adapted Material is always produced where the Licensed Material is
     synched in timed relation with a moving image.
  b. Adapter's License means the license You apply to Your Copyright
     and Similar Rights in Your contributions to Adapted Material in
     accordance with the terms and conditions of this Public License.
  c. Copyright and Similar Rights means copyright and/or similar rights
     closely related to copyright including, without limitation,
     performance, broadcast, sound recording, and Sui Generis Database
     Rights, without regard to how the rights are labeled or
     categorized. For purposes of this Public License, the rights
     specified in Section 2(b)(1)-(2) are not Copyright and Similar
     Rights.
  d. Effective Technological Measures means those measures that, in the
     absence of proper authority, may not be circumvented under laws
     fulfilling obligations under Article 11 of the WIPO Copyright
     Treaty adopted on December 20, 1996, and/or similar international
     agreements.

  e. Exceptions and Limitations means fair use, fair dealing, and/or
     any other exception or limitation to Copyright and Similar Rights
     that applies to Your use of the Licensed Material.
  f. Licensed Material means the artistic or literary work, database,
     or other material to which the Licensor applied this Public
     License.

  g. Licensed Rights means the rights granted to You subject to the
     terms and conditions of this Public License, which are limited to
     all Copyright and Similar Rights that apply to Your use of the
     Licensed Material and that the Licensor has authority to license.
  h. Licensor means the individual(s) or entity(ies) granting rights
     under this Public License.
  i. Share means to provide material to the public by any means or
     process that requires permission under the Licensed Rights, such
     as reproduction, public display, public performance, distribution,
     dissemination, communication, or importation, and to make material
     available to the public including in ways that members of the
     public may access the material from a place and at a time
     individually chosen by them.
  j. Sui Generis Database Rights means rights other than copyright
     resulting from Directive 96/9/EC of the European Parliament and of
     the Council of 11 March 1996 on the legal protection of databases,
     as amended and/or succeeded, as well as other essentially
     equivalent rights anywhere in the world.

  k. You means the individual or entity exercising the Licensed Rights
     under this Public License. Your has a corresponding meaning.


Section 2 -- Scope.

  a. License grant.
       1. Subject to the terms and conditions of this Public License,
          the Licensor hereby grants You a worldwide, royalty-free,
          non-sublicensable, non-exclusive, irrevocable license to
          exercise the Licensed Rights in the Licensed Material to:

            a. reproduce and Share the Licensed Material, in whole or
               in part; and

            b. produce, reproduce, and Share Adapted Material.
       2. Exceptions and Limitations. For the avoidance of doubt, where
          Exceptions and Limitations apply to Your use, this Public
          License does not apply, and You do not need to comply with
          its terms and conditions.

       3. Term. The term of this Public License is specified in Section
          6(a).
       4. Media and formats; technical modifications allowed. The
          Licensor authorizes You to exercise the Licensed Rights in
          all media and formats whether now known or hereafter created,
          and to make technical modifications necessary to do so. The
          Licensor waives and/or agrees not to assert any right or
          authority to forbid You from making technical modifications
          necessary to exercise the Licensed Rights, including
          technical modifications necessary to circumvent Effective
          Technological Measures. For purposes of this Public License,
          simply making modifications authorized by this Section 2(a)
          (4) never produces Adapted Material.
       5. Downstream recipients.

            a. Offer from the Licensor -- Licensed Material. Every
               recipient of the Licensed Material automatically
               receives an offer from the Licensor to exercise the
               Licensed Rights under the terms and conditions of this
               Public License.
            b. No downstream restrictions. You may not offer or impose
               any additional or different terms or conditions on, or
               apply any Effective Technological Measures to, the
               Licensed Material if doing so restricts exercise of the
               Licensed Rights by any recipient of the Licensed
               Material.
       6. No endorsement. Nothing in this Public License constitutes or
          may be construed as permission to assert or imply that You
          are, or that Your use of the Licensed Material is, connected
          with, or sponsored, endorsed, or granted official status by,
          the Licensor or others designated to receive attribution as
          provided in Section 3(a)(1)(A)(i).

  b. Other rights.
       1. Moral rights, such as the right of integrity, are not
          licensed under this Public License, nor are publicity,
          privacy, and/or other similar personality rights; however, to
          the extent possible, the Licensor waives and/or agrees not to
          assert any such rights held by the Licensor to the limited
          extent necessary to allow You to exercise the Licensed
          Rights, but not otherwise.
       2. Patent and trademark rights are not licensed under this
          Public License.

       3. To the extent possible, the Licensor waives any right to
          collect royalties from You for the exercise of the Licensed
          Rights, whether directly or through a collecting society
          under any voluntary or waivable statutory or compulsory
          licensing scheme. In all other cases the Licensor expressly
          reserves any right to collect such royalties.

Section 3 -- License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the
following conditions.

  a. Attribution.

       1. If You Share the Licensed Material (including in modified
          form), You must:

            a. retain the following if it is supplied by the Licensor
               with the Licensed Material:
                 i. identification of the creator(s) of the Licensed
                    Material and any others designated to receive
                    attribution, in any reasonable manner requested by
                    the Licensor (including by pseudonym if
                    designated);

                ii. a copyright notice;

               iii. a notice that refers to this Public License;

                iv. a notice that refers to the disclaimer of
                    warranties;
                 v. a URI or hyperlink to the Licensed Material to the
                    extent reasonably practicable;

            b. indicate if You modified the Licensed Material and
               retain an indication of any previous modifications; and

            c. indicate the Licensed Material is licensed under this
               Public License, and include the text of, or the URI or
               hyperlink to, this Public License.
       2. You may satisfy the conditions in Section 3(a)(1) in any
          reasonable manner based on the medium, means, and context in
          which You Share the Licensed Material. For example, it may be
          reasonable to satisfy the conditions by providing a URI or
          hyperlink to a resource that includes the required
          information.
       3. If requested by the Licensor, You must remove any of the
          information required by Section 3(a)(1)(A) to the extent
          reasonably practicable.

       4. If You Share Adapted Material You produce, the Adapter's
          License You apply must not prevent recipients of the Adapted
          Material from complying with this Public License.


Section 4 -- Sui Generis Database Rights.
Where the Licensed Rights include Sui Generis Database Rights that
apply to Your use of the Licensed Material:

  a. for the avoidance of doubt, Section 2(a)(1) grants You the right
     to extract, reuse, reproduce, and Share all or a substantial
     portion of the contents of the database;
  b. if You include all or a substantial portion of the database
     contents in a database in which You have Sui Generis Database
     Rights, then the database in which You have Sui Generis Database
     Rights (but not its individual contents) is Adapted Material; and

  c. You must comply with the conditions in Section 3(a) if You Share
     all or a substantial portion of the contents of the database.
For the avoidance of doubt, this Section 4 supplements and does not
replace Your obligations under this Public License where the Licensed
Rights include other Copyright and Similar Rights.


Section 5 -- Disclaimer of Warranties and Limitation of Liability.
  a. UNLESS OTHERWISE SEPARATELY UNDERTAKEN BY THE LICENSOR, TO THE
     EXTENT POSSIBLE, THE LICENSOR OFFERS THE LICENSED MATERIAL AS-IS
     AND AS-AVAILABLE, AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
     ANY KIND CONCERNING THE LICENSED MATERIAL, WHETHER EXPRESS,
     IMPLIED, STATUTORY, OR OTHER. THIS INCLUDES, WITHOUT LIMITATION,
     WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR
     PURPOSE, NON-INFRINGEMENT, ABSENCE OF LATENT OR OTHER DEFECTS,
     ACCURACY, OR THE PRESENCE OR ABSENCE OF ERRORS, WHETHER OR NOT
     KNOWN OR DISCOVERABLE. WHERE DISCLAIMERS OF WARRANTIES ARE NOT
     ALLOWED IN FULL OR IN PART, THIS DISCLAIMER MAY NOT APPLY TO YOU.
  b. TO THE EXTENT POSSIBLE, IN NO EVENT WILL THE LICENSOR BE LIABLE
     TO YOU ON ANY LEGAL THEORY (INCLUDING, WITHOUT LIMITATION,
     NEGLIGENCE) OR OTHERWISE FOR ANY DIRECT, SPECIAL, INDIRECT,
     INCIDENTAL, CONSEQUENTIAL, PUNITIVE, EXEMPLARY, OR OTHER LOSSES,
     COSTS, EXPENSES, OR DAMAGES ARISING OUT OF THIS PUBLIC LICENSE OR
     USE OF THE LICENSED MATERIAL, EVEN IF THE LICENSOR HAS BEEN
     ADVISED OF THE POSSIBILITY OF SUCH LOSSES, COSTS, EXPENSES, OR
     DAMAGES. WHERE A LIMITATION OF LIABILITY IS NOT ALLOWED IN FULL OR
     IN PART, THIS LIMITATION MAY NOT APPLY TO YOU.
  c. The disclaimer of warranties and limitation of liability provided
     above shall be interpreted in a manner that, to the extent
     possible, most closely approximates an absolute disclaimer and
     waiver of all liability.


Section 6 -- Term and Termination.

  a. This Public License applies for the term of the Copyright and
     Similar Rights licensed here. However, if You fail to comply with
     this Public License, then Your rights under this Public License
     terminate automatically.
  b. Where Your right to use the Licensed Material has terminated under
     Section 6(a), it reinstates:

       1. automatically as of the date the violation is cured, provided
          it is cured within 30 days of Your discovery of the
          violation; or

       2. upon express reinstatement by the Licensor.

     For the avoidance of doubt, this Section 6(b) does not affect any
     right the Licensor may have to seek remedies for Your violations
     of this Public License.
  c. For the avoidance of doubt, the Licensor may also offer the
     Licensed Material under separate terms or conditions or stop
     distributing the Licensed Material at any time; however, doing so
     will not terminate this Public License.

  d. Sections 1, 5, 6, 7, and 8 survive termination of this Public
     License.


Section 7 -- Other Terms and Conditions.

  a. The Licensor shall not be bound by any additional or different
     terms or conditions communicated by You unless expressly agreed.
  b. Any arrangements, understandings, or agreements regarding the
     Licensed Material not stated herein are separate from and
     independent of the terms and conditions of this Public License.


Section 8 -- Interpretation.

  a. For the avoidance of doubt, this Public License does not, and
     shall not be interpreted to, reduce, limit, restrict, or impose
     conditions on any use of the Licensed Material that could lawfully
     be made without permission under this Public License.
  b. To the extent possible, if any provision of this Public License is
     deemed unenforceable, it shall be automatically reformed to the
     minimum extent necessary to make it enforceable. If the provision
     cannot be reformed, it shall be severed from this Public License
     without affecting the enforceability of the remaining terms and
     conditions.
  c. No term or condition of this Public License will be waived and no
     failure to comply consented to unless expressly agreed to by the
     Licensor.

  d. Nothing in this Public License constitutes or may be interpreted
     as a limitation upon, or waiver of, any privileges and immunities
     that apply to the Licensor or You, including from the legal
     processes of any jurisdiction or authority.


=======================================================================
Creative Commons is not a party to its public
licenses. Notwithstanding, Creative Commons may elect to apply one of
its public licenses to material it publishes and in those instances
will be considered the â��Licensor.â�� The text of the Creative Commons
public licenses is dedicated to the public domain under the CC0 Public
Domain Dedication. Except for the limited purpose of indicating that
material is shared under a Creative Commons public license or as
otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the
use of the trademark "Creative Commons" or any other trademark or logo
of Creative Commons without its prior written consent including,
without limitation, in connection with any unauthorized modifications
to any of its public licenses or any other arrangements,
understandings, or agreements concerning use of licensed material. For
the avoidance of doubt, this paragraph does not form part of the
public licenses.
Creative Commons may be contacted at creativecommons.org.



Creative Commons Legal Code

CC0 1.0 Universal
    CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT PROVIDE
    LEGAL SERVICES. DISTRIBUTION OF THIS DOCUMENT DOES NOT CREATE AN
    ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS
    INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS MAKES NO WARRANTIES
    REGARDING THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS
    PROVIDED HEREUNDER, AND DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM
    THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS PROVIDED
    HEREUNDER.
Statement of Purpose

The laws of most jurisdictions throughout the world automatically confer
exclusive Copyright and Related Rights (defined below) upon the creator
and subsequent owner(s) (each and all, an "owner") of an original work of
authorship and/or a database (each, a "Work").
Certain owners wish to permanently relinquish those rights to a Work for
the purpose of contributing to a commons of creative, cultural and
scientific works ("Commons") that the public can reliably and without fear
of later claims of infringement build upon, modify, incorporate in other
works, reuse and redistribute as freely as possible in any form whatsoever
and for any purposes, including without limitation commercial purposes.
These owners may contribute to the Commons to promote the ideal of a free
culture and the further production of creative, cultural and scientific
works, or to gain reputation or greater distribution for their Work in
part through the use and efforts of others.
For these and/or other purposes and motivations, and without any
expectation of additional consideration or compensation, the person
associating CC0 with a Work (the "Affirmer"), to the extent that he or she
is an owner of Copyright and Related Rights in the Work, voluntarily
elects to apply CC0 to the Work and publicly distribute the Work under its
terms, with knowledge of his or her Copyright and Related Rights in the
Work and the meaning and intended legal effect of CC0 on those rights.
1. Copyright and Related Rights. A Work made available under CC0 may be
protected by copyright and related or neighboring rights ("Copyright and
Related Rights"). Copyright and Related Rights include, but are not
limited to, the following:
  i. the right to reproduce, adapt, distribute, perform, display,
     communicate, and translate a Work;
 ii. moral rights retained by the original author(s) and/or performer(s);
iii. publicity and privacy rights pertaining to a person's image or
     likeness depicted in a Work;
 iv. rights protecting against unfair competition in regards to a Work,
     subject to the limitations in paragraph 4(a), below;
  v. rights protecting the extraction, dissemination, use and reuse of data
     in a Work;
 vi. database rights (such as those arising under Directive 96/9/EC of the
     European Parliament and of the Council of 11 March 1996 on the legal
     protection of databases, and under any national implementation
     thereof, including any amended or successor version of such
     directive); and
vii. other similar, equivalent or corresponding rights throughout the
     world based on applicable law or treaty, and any national
     implementations thereof.
2. Waiver. To the greatest extent permitted by, but not in contravention
of, applicable law, Affirmer hereby overtly, fully, permanently,
irrevocably and unconditionally waives, abandons, and surrenders all of
Affirmer's Copyright and Related Rights and associated claims and causes
of action, whether now known or unknown (including existing as well as
future claims and causes of action), in the Work (i) in all territories
worldwide, (ii) for the maximum duration provided by applicable law or
treaty (including future time extensions), (iii) in any current or future
medium and for any number of copies, and (iv) for any purpose whatsoever,
including without limitation commercial, advertising or promotional
purposes (the "Waiver"). Affirmer makes the Waiver for the benefit of each
member of the public at large and to the detriment of Affirmer's heirs and
successors, fully intending that such Waiver shall not be subject to
revocation, rescission, cancellation, termination, or any other legal or
equitable action to disrupt the quiet enjoyment of the Work by the public
as contemplated by Affirmer's express Statement of Purpose.
3. Public License Fallback. Should any part of the Waiver for any reason
be judged legally invalid or ineffective under applicable law, then the
Waiver shall be preserved to the maximum extent permitted taking into
account Affirmer's express Statement of Purpose. In addition, to the
extent the Waiver is so judged Affirmer hereby grants to each affected
person a royalty-free, non transferable, non sublicensable, non exclusive,
irrevocable and unconditional license to exercise Affirmer's Copyright and
Related Rights in the Work (i) in all territories worldwide, (ii) for the
maximum duration provided by applicable law or treaty (including future
time extensions), (iii) in any current or future medium and for any number
of copies, and (iv) for any purpose whatsoever, including without
limitation commercial, advertising or promotional purposes (the
"License"). The License shall be deemed effective as of the date CC0 was
applied by Affirmer to the Work. Should any part of the License for any
reason be judged legally invalid or ineffective under applicable law, such
partial invalidity or ineffectiveness shall not invalidate the remainder
of the License, and in such case Affirmer hereby affirms that he or she
will not (i) exercise any of his or her remaining Copyright and Related
Rights in the Work or (ii) assert any associated claims and causes of
action with respect to the Work, in either case contrary to Affirmer's
express Statement of Purpose.
4. Limitations and Disclaimers.
 a. No trademark or patent rights held by Affirmer are waived, abandoned,
    surrendered, licensed or otherwise affected by this document.
 b. Affirmer offers the Work as-is and makes no representations or
    warranties of any kind concerning the Work, express, implied,
    statutory or otherwise, including without limitation warranties of
    title, merchantability, fitness for a particular purpose, non
    infringement, or the absence of latent or other defects, accuracy, or
    the present or absence of errors, whether or not discoverable, all to
    the greatest extent permissible under applicable law.
 c. Affirmer disclaims responsibility for clearing rights of other persons
    that may apply to the Work or any use thereof, including without
    limitation any person's Copyright and Related Rights in the Work.
    Further, Affirmer disclaims responsibility for obtaining any necessary
    consents, permissions or other rights required for any use of the
    Work.
 d. Affirmer understands and acknowledges that Creative Commons is not a
    party to this document and has no duty or obligation with respect to
    this CC0 or use of the Work.
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Original study source, fixtures and figures: CC0-1.0, Lukas C. Bossert.
Publishing/bootstrap structure: CC-BY-4.0, Lukas C. Bossert.
See LICENSES/ for the complete notices.







LICENSES/CC-BY-4.0.txt

Attribution 4.0 International

=======================================================================
Creative Commons Corporation ("Creative Commons") is not a law firm and
does not provide legal services or legal advice. Distribution of
Creative Commons public licenses does not create a lawyer-client or
other relationship. Creative Commons makes its licenses and related
information available on an "as-is" basis. Creative Commons gives no
warranties regarding its licenses, any material licensed under their
terms and conditions, or any related information. Creative Commons
disclaims all liability for damages resulting from their use to the
fullest extent possible.
Using Creative Commons Public Licenses

Creative Commons public licenses provide a standard set of terms and
conditions that creators and other rights holders may use to share
original works of authorship and other material subject to copyright
and certain other rights specified in the public license below. The
following considerations are for informational purposes only, are not
exhaustive, and do not form part of our licenses.
     Considerations for licensors: Our public licenses are
     intended for use by those authorized to give the public
     permission to use material in ways otherwise restricted by
     copyright and certain other rights. Our licenses are
     irrevocable. Licensors should read and understand the terms
     and conditions of the license they choose before applying it.
     Licensors should also secure all rights necessary before
     applying our licenses so that the public can reuse the
     material as expected. Licensors should clearly mark any
     material not subject to the license. This includes other CC-
     licensed material, or material used under an exception or
     limitation to copyright. More considerations for licensors:
    wiki.creativecommons.org/Considerations_for_licensors
     Considerations for the public: By using one of our public
     licenses, a licensor grants the public permission to use the
     licensed material under specified terms and conditions. If
     the licensor's permission is not necessary for any reason--for
     example, because of any applicable exception or limitation to
     copyright--then that use is not regulated by the license. Our
     licenses grant only permissions under copyright and certain
     other rights that a licensor has authority to grant. Use of
     the licensed material may still be restricted for other
     reasons, including because others have copyright or other
     rights in the material. A licensor may make special requests,
     such as asking that all changes be marked or described.
     Although not required by our licenses, you are encouraged to
     respect those requests where reasonable. More considerations
     for the public:
    wiki.creativecommons.org/Considerations_for_licensees
=======================================================================

Creative Commons Attribution 4.0 International Public License
By exercising the Licensed Rights (defined below), You accept and agree
to be bound by the terms and conditions of this Creative Commons
Attribution 4.0 International Public License ("Public License"). To the
extent this Public License may be interpreted as a contract, You are
granted the Licensed Rights in consideration of Your acceptance of
these terms and conditions, and the Licensor grants You such rights in
consideration of benefits the Licensor receives from making the
Licensed Material available under these terms and conditions.

Section 1 -- Definitions.
  a. Adapted Material means material subject to Copyright and Similar
     Rights that is derived from or based upon the Licensed Material
     and in which the Licensed Material is translated, altered,
     arranged, transformed, or otherwise modified in a manner requiring
     permission under the Copyright and Similar Rights held by the
     Licensor. For purposes of this Public License, where the Licensed
     Material is a musical work, performance, or sound recording,
     Adapted Material is always produced where the Licensed Material is
     synched in timed relation with a moving image.
  b. Adapter's License means the license You apply to Your Copyright
     and Similar Rights in Your contributions to Adapted Material in
     accordance with the terms and conditions of this Public License.
  c. Copyright and Similar Rights means copyright and/or similar rights
     closely related to copyright including, without limitation,
     performance, broadcast, sound recording, and Sui Generis Database
     Rights, without regard to how the rights are labeled or
     categorized. For purposes of this Public License, the rights
     specified in Section 2(b)(1)-(2) are not Copyright and Similar
     Rights.
  d. Effective Technological Measures means those measures that, in the
     absence of proper authority, may not be circumvented under laws
     fulfilling obligations under Article 11 of the WIPO Copyright
     Treaty adopted on December 20, 1996, and/or similar international
     agreements.

  e. Exceptions and Limitations means fair use, fair dealing, and/or
     any other exception or limitation to Copyright and Similar Rights
     that applies to Your use of the Licensed Material.
  f. Licensed Material means the artistic or literary work, database,
     or other material to which the Licensor applied this Public
     License.

  g. Licensed Rights means the rights granted to You subject to the
     terms and conditions of this Public License, which are limited to
     all Copyright and Similar Rights that apply to Your use of the
     Licensed Material and that the Licensor has authority to license.
  h. Licensor means the individual(s) or entity(ies) granting rights
     under this Public License.
  i. Share means to provide material to the public by any means or
     process that requires permission under the Licensed Rights, such
     as reproduction, public display, public performance, distribution,
     dissemination, communication, or importation, and to make material
     available to the public including in ways that members of the
     public may access the material from a place and at a time
     individually chosen by them.
  j. Sui Generis Database Rights means rights other than copyright
     resulting from Directive 96/9/EC of the European Parliament and of
     the Council of 11 March 1996 on the legal protection of databases,
     as amended and/or succeeded, as well as other essentially
     equivalent rights anywhere in the world.

  k. You means the individual or entity exercising the Licensed Rights
     under this Public License. Your has a corresponding meaning.


Section 2 -- Scope.

  a. License grant.
       1. Subject to the terms and conditions of this Public License,
          the Licensor hereby grants You a worldwide, royalty-free,
          non-sublicensable, non-exclusive, irrevocable license to
          exercise the Licensed Rights in the Licensed Material to:

            a. reproduce and Share the Licensed Material, in whole or
               in part; and

            b. produce, reproduce, and Share Adapted Material.
       2. Exceptions and Limitations. For the avoidance of doubt, where
          Exceptions and Limitations apply to Your use, this Public
          License does not apply, and You do not need to comply with
          its terms and conditions.

       3. Term. The term of this Public License is specified in Section
          6(a).
       4. Media and formats; technical modifications allowed. The
          Licensor authorizes You to exercise the Licensed Rights in
          all media and formats whether now known or hereafter created,
          and to make technical modifications necessary to do so. The
          Licensor waives and/or agrees not to assert any right or
          authority to forbid You from making technical modifications
          necessary to exercise the Licensed Rights, including
          technical modifications necessary to circumvent Effective
          Technological Measures. For purposes of this Public License,
          simply making modifications authorized by this Section 2(a)
          (4) never produces Adapted Material.
       5. Downstream recipients.

            a. Offer from the Licensor -- Licensed Material. Every
               recipient of the Licensed Material automatically
               receives an offer from the Licensor to exercise the
               Licensed Rights under the terms and conditions of this
               Public License.
            b. No downstream restrictions. You may not offer or impose
               any additional or different terms or conditions on, or
               apply any Effective Technological Measures to, the
               Licensed Material if doing so restricts exercise of the
               Licensed Rights by any recipient of the Licensed
               Material.
       6. No endorsement. Nothing in this Public License constitutes or
          may be construed as permission to assert or imply that You
          are, or that Your use of the Licensed Material is, connected
          with, or sponsored, endorsed, or granted official status by,
          the Licensor or others designated to receive attribution as
          provided in Section 3(a)(1)(A)(i).

  b. Other rights.
       1. Moral rights, such as the right of integrity, are not
          licensed under this Public License, nor are publicity,
          privacy, and/or other similar personality rights; however, to
          the extent possible, the Licensor waives and/or agrees not to
          assert any such rights held by the Licensor to the limited
          extent necessary to allow You to exercise the Licensed
          Rights, but not otherwise.
       2. Patent and trademark rights are not licensed under this
          Public License.

       3. To the extent possible, the Licensor waives any right to
          collect royalties from You for the exercise of the Licensed
          Rights, whether directly or through a collecting society
          under any voluntary or waivable statutory or compulsory
          licensing scheme. In all other cases the Licensor expressly
          reserves any right to collect such royalties.

Section 3 -- License Conditions.

Your exercise of the Licensed Rights is expressly made subject to the
following conditions.

  a. Attribution.

       1. If You Share the Licensed Material (including in modified
          form), You must:

            a. retain the following if it is supplied by the Licensor
               with the Licensed Material:
                 i. identification of the creator(s) of the Licensed
                    Material and any others designated to receive
                    attribution, in any reasonable manner requested by
                    the Licensor (including by pseudonym if
                    designated);

                ii. a copyright notice;

               iii. a notice that refers to this Public License;

                iv. a notice that refers to the disclaimer of
                    warranties;
                 v. a URI or hyperlink to the Licensed Material to the
                    extent reasonably practicable;

            b. indicate if You modified the Licensed Material and
               retain an indication of any previous modifications; and

            c. indicate the Licensed Material is licensed under this
               Public License, and include the text of, or the URI or
               hyperlink to, this Public License.
       2. You may satisfy the conditions in Section 3(a)(1) in any
          reasonable manner based on the medium, means, and context in
          which You Share the Licensed Material. For example, it may be
          reasonable to satisfy the conditions by providing a URI or
          hyperlink to a resource that includes the required
          information.
       3. If requested by the Licensor, You must remove any of the
          information required by Section 3(a)(1)(A) to the extent
          reasonably practicable.

       4. If You Share Adapted Material You produce, the Adapter's
          License You apply must not prevent recipients of the Adapted
          Material from complying with this Public License.


Section 4 -- Sui Generis Database Rights.
Where the Licensed Rights include Sui Generis Database Rights that
apply to Your use of the Licensed Material:

  a. for the avoidance of doubt, Section 2(a)(1) grants You the right
     to extract, reuse, reproduce, and Share all or a substantial
     portion of the contents of the database;
  b. if You include all or a substantial portion of the database
     contents in a database in which You have Sui Generis Database
     Rights, then the database in which You have Sui Generis Database
     Rights (but not its individual contents) is Adapted Material; and

  c. You must comply with the conditions in Section 3(a) if You Share
     all or a substantial portion of the contents of the database.
For the avoidance of doubt, this Section 4 supplements and does not
replace Your obligations under this Public License where the Licensed
Rights include other Copyright and Similar Rights.


Section 5 -- Disclaimer of Warranties and Limitation of Liability.
  a. UNLESS OTHERWISE SEPARATELY UNDERTAKEN BY THE LICENSOR, TO THE
     EXTENT POSSIBLE, THE LICENSOR OFFERS THE LICENSED MATERIAL AS-IS
     AND AS-AVAILABLE, AND MAKES NO REPRESENTATIONS OR WARRANTIES OF
     ANY KIND CONCERNING THE LICENSED MATERIAL, WHETHER EXPRESS,
     IMPLIED, STATUTORY, OR OTHER. THIS INCLUDES, WITHOUT LIMITATION,
     WARRANTIES OF TITLE, MERCHANTABILITY, FITNESS FOR A PARTICULAR
     PURPOSE, NON-INFRINGEMENT, ABSENCE OF LATENT OR OTHER DEFECTS,
     ACCURACY, OR THE PRESENCE OR ABSENCE OF ERRORS, WHETHER OR NOT
     KNOWN OR DISCOVERABLE. WHERE DISCLAIMERS OF WARRANTIES ARE NOT
     ALLOWED IN FULL OR IN PART, THIS DISCLAIMER MAY NOT APPLY TO YOU.
  b. TO THE EXTENT POSSIBLE, IN NO EVENT WILL THE LICENSOR BE LIABLE
     TO YOU ON ANY LEGAL THEORY (INCLUDING, WITHOUT LIMITATION,
     NEGLIGENCE) OR OTHERWISE FOR ANY DIRECT, SPECIAL, INDIRECT,
     INCIDENTAL, CONSEQUENTIAL, PUNITIVE, EXEMPLARY, OR OTHER LOSSES,
     COSTS, EXPENSES, OR DAMAGES ARISING OUT OF THIS PUBLIC LICENSE OR
     USE OF THE LICENSED MATERIAL, EVEN IF THE LICENSOR HAS BEEN
     ADVISED OF THE POSSIBILITY OF SUCH LOSSES, COSTS, EXPENSES, OR
     DAMAGES. WHERE A LIMITATION OF LIABILITY IS NOT ALLOWED IN FULL OR
     IN PART, THIS LIMITATION MAY NOT APPLY TO YOU.
  c. The disclaimer of warranties and limitation of liability provided
     above shall be interpreted in a manner that, to the extent
     possible, most closely approximates an absolute disclaimer and
     waiver of all liability.


Section 6 -- Term and Termination.

  a. This Public License applies for the term of the Copyright and
     Similar Rights licensed here. However, if You fail to comply with
     this Public License, then Your rights under this Public License
     terminate automatically.
  b. Where Your right to use the Licensed Material has terminated under
     Section 6(a), it reinstates:

       1. automatically as of the date the violation is cured, provided
          it is cured within 30 days of Your discovery of the
          violation; or

       2. upon express reinstatement by the Licensor.

     For the avoidance of doubt, this Section 6(b) does not affect any
     right the Licensor may have to seek remedies for Your violations
     of this Public License.
  c. For the avoidance of doubt, the Licensor may also offer the
     Licensed Material under separate terms or conditions or stop
     distributing the Licensed Material at any time; however, doing so
     will not terminate this Public License.

  d. Sections 1, 5, 6, 7, and 8 survive termination of this Public
     License.


Section 7 -- Other Terms and Conditions.

  a. The Licensor shall not be bound by any additional or different
     terms or conditions communicated by You unless expressly agreed.
  b. Any arrangements, understandings, or agreements regarding the
     Licensed Material not stated herein are separate from and
     independent of the terms and conditions of this Public License.


Section 8 -- Interpretation.

  a. For the avoidance of doubt, this Public License does not, and
     shall not be interpreted to, reduce, limit, restrict, or impose
     conditions on any use of the Licensed Material that could lawfully
     be made without permission under this Public License.
  b. To the extent possible, if any provision of this Public License is
     deemed unenforceable, it shall be automatically reformed to the
     minimum extent necessary to make it enforceable. If the provision
     cannot be reformed, it shall be severed from this Public License
     without affecting the enforceability of the remaining terms and
     conditions.
  c. No term or condition of this Public License will be waived and no
     failure to comply consented to unless expressly agreed to by the
     Licensor.

  d. Nothing in this Public License constitutes or may be interpreted
     as a limitation upon, or waiver of, any privileges and immunities
     that apply to the Licensor or You, including from the legal
     processes of any jurisdiction or authority.


=======================================================================
Creative Commons is not a party to its public
licenses. Notwithstanding, Creative Commons may elect to apply one of
its public licenses to material it publishes and in those instances
will be considered the â��Licensor.â�� The text of the Creative Commons
public licenses is dedicated to the public domain under the CC0 Public
Domain Dedication. Except for the limited purpose of indicating that
material is shared under a Creative Commons public license or as
otherwise permitted by the Creative Commons policies published at
creativecommons.org/policies, Creative Commons does not authorize the
use of the trademark "Creative Commons" or any other trademark or logo
of Creative Commons without its prior written consent including,
without limitation, in connection with any unauthorized modifications
to any of its public licenses or any other arrangements,
understandings, or agreements concerning use of licensed material. For
the avoidance of doubt, this paragraph does not form part of the
public licenses.
Creative Commons may be contacted at creativecommons.org.







LICENSES/CC0-1.0.txt

Creative Commons Legal Code

CC0 1.0 Universal
    CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT PROVIDE
    LEGAL SERVICES. DISTRIBUTION OF THIS DOCUMENT DOES NOT CREATE AN
    ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS PROVIDES THIS
    INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS MAKES NO WARRANTIES
    REGARDING THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS
    PROVIDED HEREUNDER, AND DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM
    THE USE OF THIS DOCUMENT OR THE INFORMATION OR WORKS PROVIDED
    HEREUNDER.
Statement of Purpose

The laws of most jurisdictions throughout the world automatically confer
exclusive Copyright and Related Rights (defined below) upon the creator
and subsequent owner(s) (each and all, an "owner") of an original work of
authorship and/or a database (each, a "Work").
Certain owners wish to permanently relinquish those rights to a Work for
the purpose of contributing to a commons of creative, cultural and
scientific works ("Commons") that the public can reliably and without fear
of later claims of infringement build upon, modify, incorporate in other
works, reuse and redistribute as freely as possible in any form whatsoever
and for any purposes, including without limitation commercial purposes.
These owners may contribute to the Commons to promote the ideal of a free
culture and the further production of creative, cultural and scientific
works, or to gain reputation or greater distribution for their Work in
part through the use and efforts of others.
For these and/or other purposes and motivations, and without any
expectation of additional consideration or compensation, the person
associating CC0 with a Work (the "Affirmer"), to the extent that he or she
is an owner of Copyright and Related Rights in the Work, voluntarily
elects to apply CC0 to the Work and publicly distribute the Work under its
terms, with knowledge of his or her Copyright and Related Rights in the
Work and the meaning and intended legal effect of CC0 on those rights.
1. Copyright and Related Rights. A Work made available under CC0 may be
protected by copyright and related or neighboring rights ("Copyright and
Related Rights"). Copyright and Related Rights include, but are not
limited to, the following:
  i. the right to reproduce, adapt, distribute, perform, display,
     communicate, and translate a Work;
 ii. moral rights retained by the original author(s) and/or performer(s);
iii. publicity and privacy rights pertaining to a person's image or
     likeness depicted in a Work;
 iv. rights protecting against unfair competition in regards to a Work,
     subject to the limitations in paragraph 4(a), below;
  v. rights protecting the extraction, dissemination, use and reuse of data
     in a Work;
 vi. database rights (such as those arising under Directive 96/9/EC of the
     European Parliament and of the Council of 11 March 1996 on the legal
     protection of databases, and under any national implementation
     thereof, including any amended or successor version of such
     directive); and
vii. other similar, equivalent or corresponding rights throughout the
     world based on applicable law or treaty, and any national
     implementations thereof.
2. Waiver. To the greatest extent permitted by, but not in contravention
of, applicable law, Affirmer hereby overtly, fully, permanently,
irrevocably and unconditionally waives, abandons, and surrenders all of
Affirmer's Copyright and Related Rights and associated claims and causes
of action, whether now known or unknown (including existing as well as
future claims and causes of action), in the Work (i) in all territories
worldwide, (ii) for the maximum duration provided by applicable law or
treaty (including future time extensions), (iii) in any current or future
medium and for any number of copies, and (iv) for any purpose whatsoever,
including without limitation commercial, advertising or promotional
purposes (the "Waiver"). Affirmer makes the Waiver for the benefit of each
member of the public at large and to the detriment of Affirmer's heirs and
successors, fully intending that such Waiver shall not be subject to
revocation, rescission, cancellation, termination, or any other legal or
equitable action to disrupt the quiet enjoyment of the Work by the public
as contemplated by Affirmer's express Statement of Purpose.
3. Public License Fallback. Should any part of the Waiver for any reason
be judged legally invalid or ineffective under applicable law, then the
Waiver shall be preserved to the maximum extent permitted taking into
account Affirmer's express Statement of Purpose. In addition, to the
extent the Waiver is so judged Affirmer hereby grants to each affected
person a royalty-free, non transferable, non sublicensable, non exclusive,
irrevocable and unconditional license to exercise Affirmer's Copyright and
Related Rights in the Work (i) in all territories worldwide, (ii) for the
maximum duration provided by applicable law or treaty (including future
time extensions), (iii) in any current or future medium and for any number
of copies, and (iv) for any purpose whatsoever, including without
limitation commercial, advertising or promotional purposes (the
"License"). The License shall be deemed effective as of the date CC0 was
applied by Affirmer to the Work. Should any part of the License for any
reason be judged legally invalid or ineffective under applicable law, such
partial invalidity or ineffectiveness shall not invalidate the remainder
of the License, and in such case Affirmer hereby affirms that he or she
will not (i) exercise any of his or her remaining Copyright and Related
Rights in the Work or (ii) assert any associated claims and causes of
action with respect to the Work, in either case contrary to Affirmer's
express Statement of Purpose.
4. Limitations and Disclaimers.
 a. No trademark or patent rights held by Affirmer are waived, abandoned,
    surrendered, licensed or otherwise affected by this document.
 b. Affirmer offers the Work as-is and makes no representations or
    warranties of any kind concerning the Work, express, implied,
    statutory or otherwise, including without limitation warranties of
    title, merchantability, fitness for a particular purpose, non
    infringement, or the absence of latent or other defects, accuracy, or
    the present or absence of errors, whether or not discoverable, all to
    the greatest extent permissible under applicable law.
 c. Affirmer disclaims responsibility for clearing rights of other persons
    that may apply to the Work or any use thereof, including without
    limitation any person's Copyright and Related Rights in the Work.
    Further, Affirmer disclaims responsibility for obtaining any necessary
    consents, permissions or other rights required for any use of the
    Work.
 d. Affirmer understands and acknowledges that Creative Commons is not a
    party to this document and has no duty or obligation with respect to
    this CC0 or use of the Work.







README.md

# ROOT&SHAPE

A fictional measurement project for literate programming.

ROOT the tools. SHAPE the workflow.

This folder is self-contained and works outside Git. Source: research.org;
bootstrap: build.py and bootstrap.el; independent raw input: data/measurements.tsv.
All generated files are below build/. The supplied data stay unchanged.

Prerequisites: a POSIX host (this edition was exercised on macOS); Python 3.10+ with requirements.txt installed in the active
environment; Emacs with built-in Org (batch -Q, no Doom/init file), AWK with
/dev/stderr support, gnuplot with svg and pdfcairo terminals, GNU Make 4.3+.
The bootstrap prefers gmake, otherwise verifies make. No build needs network,
a user account or a personal editor configuration. Installing prerequisites
is a separate environment setup step, as in the tour collection.

From this folder, with that Python environment active, run:

    python3 build.py all --jobs 4
    python3 build.py verify

In the tour checkout, `make example` chooses the shared publisher Python.
For a completely new build: `python3 build.py clean`, then the start command.
Tangle alone: `python3 build.py tangle`. Execute through results: target
`results`; native tests: `check`; figure: `figure`; manifest: `provenance`;
weave/export: `report`. `all` produces and checks the complete report.
The generated Makefile is created before Make is invoked. One advisory lock
serializes separate bootstrap processes; grouped targets prevent two writers
inside parallel GNU Make. Programs install only if their bytes change.

Open build/site/index.html or build/site/report.pdf. The site includes its
source, raw data, summary, native figure, programs and manifest. The PDF
attaches source, raw input and manifest. build/events.log records actual
stage actions; a second unchanged build reports actions: none.

Contract: UTF-8/LF TSV, four exact header columns, unique ASCII IDs, uppercase
ASCII group codes, C locale, finite decimal/scientific values in +/-1000000
a.u., NA for missing, valid/invalid status. invalid wins over NA. Zero is used.
Output groups sort by ASCII name; means use two decimals or NA. A zero-byte
input fails with status 2; header-only input gives no groups. Do not change
reference expectations just to silence a failure: explain changed requirements.

The provenance manifest does not hash itself or downstream reports. Receipts
track report hashes separately. Reproduction means equal scientific tables
for the supplied input and recorded environment, not universal PDF byte identity.
Source and fixtures are original CC0-1.0 teaching material; see LICENSE.md.







bootstrap.el

;;; Bootstrap Org with no personal init and no Babel evaluation.
(require 'org)
(require 'ob-tangle)
(require 'ox-html)
(setq enable-local-variables nil enable-local-eval nil
      org-export-use-babel nil org-confirm-babel-evaluate t
      org-html-htmlize-output-type nil org-element-use-cache nil
      org-html-link-org-files-as-html nil)
(defun study-refuse (&rest args) (error "Babel evaluation is disabled; use textual references"))
(advice-add 'org-babel-execute-src-block :override #'study-refuse)
(let* ((args command-line-args-left) (operation (pop args)) (file (pop args))
       (output (and (equal operation "weave") (expand-file-name (pop args)))))
 (unless (and operation file) (error "Expected tangle/weave and an Org source"))
 (with-current-buffer (find-file-noselect file)
  (cond
   ((equal operation "tangle")
    (org-element-map (org-element-parse-buffer) 'src-block
     (lambda (block)
      (goto-char (org-element-property :begin block))
      (let ((target (cdr (assq :tangle (nth 2 (org-babel-get-src-block-info 'light))))))
       (when (and target (not (equal target "no")))
        (when (or (file-name-absolute-p target) (member ".." (split-string target "/")))
         (error "Tangle target must remain in the staging directory: %s" target))))))
    (org-babel-tangle))
   ((equal operation "weave")
    (let ((org-export-with-broken-links nil)) (org-export-to-file 'html output)))
   (t (error "Unknown bootstrap operation")))))







build/checks.json

{
  "cases": [
    {
      "case": "zero",
      "passed": true,
      "status": 0
    },
    {
      "case": "missing",
      "passed": true,
      "status": 0
    },
    {
      "case": "rejected",
      "passed": true,
      "status": 0
    },
    {
      "case": "priority",
      "passed": true,
      "status": 0
    },
    {
      "case": "header-only",
      "passed": true,
      "status": 0
    },
    {
      "case": "empty",
      "passed": true,
      "status": 2
    },
    {
      "case": "duplicate",
      "passed": true,
      "status": 2
    },
    {
      "case": "status",
      "passed": true,
      "status": 2
    },
    {
      "case": "fields",
      "passed": true,
      "status": 2
    },
    {
      "case": "number",
      "passed": true,
      "status": 2
    },
    {
      "case": "invalid-number",
      "passed": true,
      "status": 2
    },
    {
      "case": "scientific",
      "passed": true,
      "status": 0
    },
    {
      "case": "order",
      "passed": true,
      "status": 0
    },
    {
      "case": "header",
      "passed": true,
      "status": 2
    },
    {
      "case": "range",
      "passed": true,
      "status": 2
    },
    {
      "case": "empty-group",
      "passed": true,
      "status": 2
    }
  ],
  "count_conservation": "passed",
  "reference": "passed",
  "scope": "native AWK reference and specified edge cases; no cross-platform byte claim"
}







build/environment.json

{
  "PyMuPDF": "1.28.2",
  "awk": "awk version 20200816",
  "awk_binary_sha256": "310e75b917c4d346cecb6ffab9ca88507870242347a6cf0110eef4aa73b6f809",
  "emacs": "31.1 / Org 9.8.7",
  "gnuplot": "gnuplot 6.0 patchlevel 6",
  "make": "GNU Make 4.4.1",
  "python": "3.14.10",
  "weasyprint": "70.0"
}







build/invocation.json

{
  "bootstrap": [
    "python3",
    "build.py",
    "all",
    "--jobs",
    "4",
    "--awk",
    "awk"
  ],
  "cwd": ".",
  "make": [
    "gmake",
    "--silent",
    "--no-print-directory",
    "-rR",
    "-j",
    "4",
    "-f",
    "build/workflow.mk",
    "all",
    "PYTHON=python3",
    "AWK=awk"
  ]
}







build/programs/classify.awk

BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value","category"; next }
{
 category=($4=="invalid" ? "rejected" : ($3=="NA" ? "missing" : "used"))
 print $1,$2,$3,category
}







build/programs/contract.json

{
  "units": "a.u.",
  "missing": "NA",
  "status": [
    "valid",
    "invalid"
  ],
  "exclusion_priority": [
    "invalid",
    "NA"
  ],
  "locale": "C",
  "output_order": "ASCII group ascending",
  "number_format": "finite decimal/scientific; abs(value)<=1000000",
  "mean_format": "two decimal places; NA when n_used=0",
  "empty_input": "zero bytes: error 2; header only: no groups"
}







build/programs/plot.gp

set datafile separator "\t"
set datafile missing "NA"
set terminal svg size 740,380 font "DejaVu Sans,12" enhanced
set output SVG
set title "Group means — fictional teaching data"
set xlabel "Measurement group"
set ylabel "Mean (a.u.)"
set boxwidth 0.55
set style fill solid 0.8 border rgb "#00549f"
set grid ytics lc rgb "#d8e3ec"
set key off
if (GROUPS>0) {
 stats SUMMARY using (column("n_used")>0 ? column("mean") : 0) nooutput
 low=(STATS_min<0 ? STATS_min*1.25 : 0)
 high=(STATS_max>0 ? STATS_max*1.3 : 1)
 if (low==high) { low=low-1; high=high+1 }
 set yrange [low:high]
 set xrange [-0.6:GROUPS-0.4]
 plot SUMMARY using 0:(column("mean")):xticlabels(1) with boxes lc rgb "#00549f", \
      SUMMARY using 0:(column("n_used")>0 ? column("mean") : 0):(column("n_used")>0 ? sprintf("n=%d",column("n_used")) : "n=0; mean=NA") with labels offset 0,1.1 tc rgb "#087f88"
} else {
 set xrange [0:1]; set yrange [0:1]; unset xtics; unset ytics
 set label "No groups: header-only input" at graph 0.5,0.5 center
 plot NaN
}
set terminal pdfcairo size 16cm,8.5cm font "DejaVu Sans,11"
set output PDF
replot
unset output







build/programs/report-template.org

#+TITLE: Fictional measurement study
#+SUBTITLE: Explain the program. Rebuild the result.
#+LANGUAGE: en
#+OPTIONS: toc:nil num:nil author:nil date:nil creator:nil html-postamble:nil ^:nil
#+HTML_HEAD: <link rel="stylesheet" href="report.css">

* Question and decision
What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.

* Results
{{TABLE}}

#+ATTR_HTML: :alt Group means from fictional data with used sample counts :width 740
[[file:results/figure.svg]]

The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.

* Evidence and handover
:PROPERTIES:
:CUSTOM_ID: evidence
:END:
ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: {{CHECKS}}. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is {{REVISION}}; its recorded dirty status is {{DIRTY}}.

- [[file:research.org][Read the complete literate source]]
- [[file:data/measurements.tsv][Read the original TSV input]]
- [[file:results/summary.tsv][Download the summary TSV]]
- [[file:provenance.json][Inspect the machine-readable provenance]]
- [[file:programs/validate.awk][Reuse input validation]]
- [[file:programs/summarize.awk][Reuse the group statistic program]]

The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.







build/programs/report.css

:root{--publisher-blue:#00549f;--publisher-teal:#087f88;--publisher-ink:#173147;--publisher-line:#d8e3ec}
body{font:15px/1.5 "DejaVu Sans",sans-serif;color:var(--publisher-ink);max-width:980px;margin:35px auto;padding:0 20px}
h1,h2{color:var(--publisher-blue)}a{color:var(--publisher-teal)}table{border-collapse:collapse;width:100%}td,th{border-bottom:1px solid var(--publisher-line);padding:6px 10px;text-align:right}td:first-child,th:first-child{text-align:left}img{max-width:100%;height:auto}
@page{size:A4;margin:16mm;@bottom-right{content:counter(page);font:9pt sans-serif}}
@media print{#outline-container-evidence{break-before:page}body{font-size:10pt;margin:0;padding:0}h1{font-size:23pt}h2{font-size:15pt;margin:4mm 0 2mm}p{margin:2mm 0}table{font-size:9pt}img{max-height:78mm}a{overflow-wrap:anywhere}.figure{margin:3mm 0}#postamble{display:none}}







build/programs/select.awk

BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value"; next }
$4=="used" { print $1,$2,$3 }







build/programs/summarize.awk

BEGIN { FS=OFS="\t" }
FILENAME==ARGV[1] {
 if (FNR==1) next
 g=$2
 if (!(g in total)) groups[++ng]=g
 total[g]++
 if ($4=="missing") missing[g]++
 if ($4=="rejected") rejected[g]++
 next
}
FILENAME==ARGV[2] {
 if (FNR==1) next
 g=$2
 used[g]++; sum[g]+=$3
}
END {
 print "group","n_total","n_used","n_missing","n_rejected","mean"
 for (i=1;i<=ng;i++) for (j=i+1;j<=ng;j++) if (groups[j]<groups[i]) { t=groups[i];groups[i]=groups[j];groups[j]=t }
 for (i=1;i<=ng;i++) {
  g=groups[i]
  if (total[g]!=used[g]+missing[g]+rejected[g]) {
   print "handover error: count conservation failed for " g > "/dev/stderr"; exit 3
  }
  printf "%s\t%d\t%d\t%d\t%d\t%s\n",g,total[g],used[g],missing[g],rejected[g],(used[g] ? sprintf("%.2f",sum[g]/used[g]) : "NA")
 }
}







build/programs/validate.awk

BEGIN { FS=OFS="\t"; number="^[+-]?([0-9]+([.][0-9]*)?|[.][0-9]+)([eE][+-]?[0-9]+)?$" }
function fail(message) { print "input error: " message > "/dev/stderr"; failed=1; exit 2 }
NR==1 {
 if ($0!="sample_id\tgroup\tvalue\tstatus") fail("line 1: expected sample_id, group, value, status TSV header")
 print; next
}
{
 if (NF!=4) fail("line " NR ": expected 4 tab-separated fields, got " NF)
 if ($1 !~ /^[A-Za-z][A-Za-z0-9_-]*$/) fail("line " NR ": invalid sample_id")
 if (seen[$1]++) fail("line " NR ": duplicate sample_id " $1)
 if ($2 !~ /^[A-Z][A-Z0-9_]*$/) fail("line " NR ": group must be an uppercase ASCII identifier")
 if ($4!="valid" && $4!="invalid") fail("line " NR ": unexpected status " $4)
 if ($3!="NA" && $3 !~ number) fail("line " NR ": value must be a finite decimal number or NA")
 if ($3!="NA" && (($3+0)>1000000 || ($3+0)<-1000000)) fail("line " NR ": absolute value exceeds 1000000 a.u.")
 print
}
END { if (!failed && NR==0) fail("empty input: expected TSV header") }







build/provenance.json

{
  "execution": {
    "check": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/zero.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/zero/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/zero/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/zero/classified.tsv",
          "build/tests/zero/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/missing.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/missing/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/missing/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/missing/classified.tsv",
          "build/tests/missing/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/rejected.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/rejected/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/rejected/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/rejected/classified.tsv",
          "build/tests/rejected/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/priority.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/priority/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/priority/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/priority/classified.tsv",
          "build/tests/priority/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/header-only.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/header-only/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/header-only/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/header-only/classified.tsv",
          "build/tests/header-only/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/empty.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/duplicate.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/status.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/fields.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/number.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/invalid-number.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/scientific.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/scientific/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/scientific/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/scientific/classified.tsv",
          "build/tests/scientific/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/order.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/order/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/order/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/order/classified.tsv",
          "build/tests/order/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/header.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/range.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/empty-group.tsv"
        ]
      ],
      "exit": 0,
      "operations": [
        {
          "actual": "build/results/summary.tsv",
          "api": "Python bytes equality",
          "expected": "tests/expected-summary.tsv"
        }
      ],
      "outputs": {
        "build/checks.json": "6040c4a3d3399ec61f19dc178bb556ae389de5ebf218ce2fa587c39262f8b4b5"
      }
    },
    "classify": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/results/validated.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/classified.tsv": "815dcd21afe440ffec0c0071d57ff8d7038df461f4e0361768ad5945941e10b5"
      }
    },
    "plot": {
      "commands": [
        [
          "gnuplot",
          "-e",
          "SUMMARY='build/results/summary.tsv';SVG='build/results/figure.svg';PDF='build/results/figure.pdf';GROUPS=2",
          "build/programs/plot.gp"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/figure.pdf": "9ee35edd715b01eb6550638066696108476569f33e66e4ebae9ce8f4015344f4",
        "build/results/figure.svg": "d28c9993b84275b461a6c908f9fe7e533ab8d91d632de32bcf2c790a993d8f9e"
      }
    },
    "select": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/results/classified.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/usable.tsv": "1907b0930662e56e102dec184df34a16a9c28663170a8d1ac4f2300abc8d0097"
      }
    },
    "summarize": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/results/classified.tsv",
          "build/results/usable.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201"
      }
    },
    "validate": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "data/measurements.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/validated.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c"
      }
    }
  },
  "git": {
    "commit": "c1ccc8f2af94130907df580638cbe4660bed836b",
    "dirty": true
  },
  "inputs": {
    "data/measurements.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c",
    "tests/cases.json": "e5ed5984ffb2989512b8c97c1893be63ca830b70f5e48ed4ce9fc6dab9ac06c7",
    "tests/expected-summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201",
    "tests/fixtures/duplicate.tsv": "853e155287c7b79f58e9a14aab84886aaa87e11b772799dd7b942a6b5e9be9f4",
    "tests/fixtures/empty-group.tsv": "7c69e00c56be7309f67d3bb05aa776fbc6aa23c400a25ab1b17334d0b9be3b27",
    "tests/fixtures/empty.tsv": "e3b0c44298fc1c149afbf4c8996fb92427ae41e4649b934ca495991b7852b855",
    "tests/fixtures/fields.tsv": "03af4a359e48f2180e1a91ebf0b36c220ed377a99b1c4a3efa7e615f0377c1de",
    "tests/fixtures/header-only.tsv": "dd3ad93555ab3ba55d5f214aa034964f34c98bac9c7765a0cce126db831b2b42",
    "tests/fixtures/header.tsv": "e1c03362e7e8ee88113ae9777195c769de23ab95eac0e4426eb29ac66b4f190f",
    "tests/fixtures/invalid-number.tsv": "6fdf56d8a4215447654eb1e3900eb51398307255b070b0190e5ecf73142b328f",
    "tests/fixtures/missing.tsv": "fa73a0b59c3e1c668f08be64e9552416e9571ce6c68774587d1c2caa79726475",
    "tests/fixtures/number.tsv": "89798c429ff37a02892cf346b094d6c3168aca26c2bec3d3e8cd1b50d9fee30a",
    "tests/fixtures/order.tsv": "39dc9280d34e79f06d5f34064c15fc071cc1a10f4c3144ba87c8e639d5e7041a",
    "tests/fixtures/priority.tsv": "a5beaa96b92b04d68a25fee25b8f0a71ee026890892ebc7fe720000762dd5891",
    "tests/fixtures/range.tsv": "98c0246058815d503447ac4cce9de41f1df7952610c6c871c588df9b916fdd7a",
    "tests/fixtures/rejected.tsv": "3daa2914bab22bf2458dbe6ae9cd5f5d8a8354e4ad8033e679829deb3205f05f",
    "tests/fixtures/scientific.tsv": "0daa04588dd67a116a5b4320c8a8cc0b3cb1992d4d480ff9f6fb514192a025fb",
    "tests/fixtures/status.tsv": "6d99fcc4a4ac3f50f3a97639eec61713b6d925b8133408522637f3aa353db993",
    "tests/fixtures/zero.tsv": "6bd3476aef942501a0f61a1099efdec4fe35a7296e4145cf00aaaa6de05535de"
  },
  "invocation": {
    "bootstrap": [
      "python3",
      "build.py",
      "all",
      "--jobs",
      "4",
      "--awk",
      "awk"
    ],
    "cwd": ".",
    "make": [
      "gmake",
      "--silent",
      "--no-print-directory",
      "-rR",
      "-j",
      "4",
      "-f",
      "build/workflow.mk",
      "all",
      "PYTHON=python3",
      "AWK=awk"
    ]
  },
  "parameters": {
    "empty_input": "zero bytes: error 2; header only: no groups",
    "exclusion_priority": [
      "invalid",
      "NA"
    ],
    "locale": "C",
    "mean_format": "two decimal places; NA when n_used=0",
    "missing": "NA",
    "number_format": "finite decimal/scientific; abs(value)<=1000000",
    "output_order": "ASCII group ascending",
    "status": [
      "valid",
      "invalid"
    ],
    "units": "a.u."
  },
  "programs": {
    "build/programs/classify.awk": "044b31022ef7a9618c1b3bb5ab700f2709228f50353ad179eb77ac14349d5cbd",
    "build/programs/contract.json": "2e2e6d8865c6f66598265e70fe4fc74cfbe277fe25feac7beb22fba8bd6776fa",
    "build/programs/plot.gp": "8de4390e0aec373991fcce61399742b6ae67c28d8295039d56d0aacebbce96ca",
    "build/programs/report-template.org": "b72e02c9151d188ea38c0d98eaf3ab7237b7c7d7e1b8e891a707a5a9aeaa406e",
    "build/programs/report.css": "8e9673b92ac5bc672356a9b1d02646bb23ada88642eb80c9e46bfdeedb302759",
    "build/programs/select.awk": "9fca97a1125a21316bf88a386ff4b525d44182d0d6100bfca1428d60c5ba1253",
    "build/programs/summarize.awk": "5918f57c4642e7ed9aca5bc571c4c83049536ff263885e22f135a33a07616050",
    "build/programs/validate.awk": "6d572270ab039a1cc02fc5fdf969386ba2cbea4d22dcbf4a75a288ab0b66ea48",
    "build/tools/pipeline.py": "78554a76ea510156134986a66498de560150743df416249b3a05a9d6eafe95b7",
    "build/workflow.mk": "e37cb59ff98bfaf1449641e57ebb72d5c040d86b8b7a8d27bd014ecee0601d55"
  },
  "question": "Group mean of usable fictional measurements",
  "results": {
    "build/checks.json": "6040c4a3d3399ec61f19dc178bb556ae389de5ebf218ce2fa587c39262f8b4b5",
    "build/results/classified.tsv": "815dcd21afe440ffec0c0071d57ff8d7038df461f4e0361768ad5945941e10b5",
    "build/results/figure.pdf": "9ee35edd715b01eb6550638066696108476569f33e66e4ebae9ce8f4015344f4",
    "build/results/figure.svg": "d28c9993b84275b461a6c908f9fe7e533ab8d91d632de32bcf2c790a993d8f9e",
    "build/results/summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201",
    "build/results/usable.tsv": "1907b0930662e56e102dec184df34a16a9c28663170a8d1ac4f2300abc8d0097",
    "build/results/validated.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c"
  },
  "schema": 1,
  "scope": "Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.",
  "sources": {
    "bootstrap.el": "92870a87d31ef7b562e18e5e257788901f234c4bb6dee99a5033d23ccf7e597e",
    "build.py": "198e10e3c882af5810bf946d08b453ec0e47872a7e450249f44e7f6f7a3d81c2",
    "research.org": "27708922eeaf5c45db13bc359857057ecd389380c35b657bb6225e2f3f4f7aa9"
  },
  "tangle": [
    "emacs",
    "--batch",
    "-Q",
    "--script",
    "bootstrap.el",
    "tangle",
    "research.org"
  ],
  "versions": {
    "PyMuPDF": "1.28.2",
    "awk": "awk version 20200816",
    "awk_binary_sha256": "310e75b917c4d346cecb6ffab9ca88507870242347a6cf0110eef4aa73b6f809",
    "emacs": "31.1 / Org 9.8.7",
    "gnuplot": "gnuplot 6.0 patchlevel 6",
    "make": "GNU Make 4.4.1",
    "python": "3.14.10",
    "weasyprint": "70.0"
  }
}







build/raw.sha256

20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c







build/receipts/check.json

{
  "commands": [
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/zero.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/classify.awk",
      "build/tests/zero/validated.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/select.awk",
      "build/tests/zero/classified.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/summarize.awk",
      "build/tests/zero/classified.tsv",
      "build/tests/zero/usable.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/missing.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/classify.awk",
      "build/tests/missing/validated.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/select.awk",
      "build/tests/missing/classified.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/summarize.awk",
      "build/tests/missing/classified.tsv",
      "build/tests/missing/usable.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/rejected.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/classify.awk",
      "build/tests/rejected/validated.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/select.awk",
      "build/tests/rejected/classified.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/summarize.awk",
      "build/tests/rejected/classified.tsv",
      "build/tests/rejected/usable.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/priority.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/classify.awk",
      "build/tests/priority/validated.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/select.awk",
      "build/tests/priority/classified.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/summarize.awk",
      "build/tests/priority/classified.tsv",
      "build/tests/priority/usable.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/header-only.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/classify.awk",
      "build/tests/header-only/validated.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/select.awk",
      "build/tests/header-only/classified.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/summarize.awk",
      "build/tests/header-only/classified.tsv",
      "build/tests/header-only/usable.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/empty.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/duplicate.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/status.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/fields.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/number.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/invalid-number.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/scientific.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/classify.awk",
      "build/tests/scientific/validated.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/select.awk",
      "build/tests/scientific/classified.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/summarize.awk",
      "build/tests/scientific/classified.tsv",
      "build/tests/scientific/usable.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/order.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/classify.awk",
      "build/tests/order/validated.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/select.awk",
      "build/tests/order/classified.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/summarize.awk",
      "build/tests/order/classified.tsv",
      "build/tests/order/usable.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/header.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/range.tsv"
    ],
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "tests/fixtures/empty-group.tsv"
    ]
  ],
  "exit": 0,
  "operations": [
    {
      "actual": "build/results/summary.tsv",
      "api": "Python bytes equality",
      "expected": "tests/expected-summary.tsv"
    }
  ],
  "outputs": {
    "build/checks.json": "6040c4a3d3399ec61f19dc178bb556ae389de5ebf218ce2fa587c39262f8b4b5"
  }
}







build/receipts/classify.json

{
  "commands": [
    [
      "awk",
      "-f",
      "build/programs/classify.awk",
      "build/results/validated.tsv"
    ]
  ],
  "exit": 0,
  "operations": [],
  "outputs": {
    "build/results/classified.tsv": "815dcd21afe440ffec0c0071d57ff8d7038df461f4e0361768ad5945941e10b5"
  }
}







build/receipts/plot.json

{
  "commands": [
    [
      "gnuplot",
      "-e",
      "SUMMARY='build/results/summary.tsv';SVG='build/results/figure.svg';PDF='build/results/figure.pdf';GROUPS=2",
      "build/programs/plot.gp"
    ]
  ],
  "exit": 0,
  "operations": [],
  "outputs": {
    "build/results/figure.pdf": "9ee35edd715b01eb6550638066696108476569f33e66e4ebae9ce8f4015344f4",
    "build/results/figure.svg": "d28c9993b84275b461a6c908f9fe7e533ab8d91d632de32bcf2c790a993d8f9e"
  }
}







build/receipts/provenance.json

{
  "commands": [],
  "exit": 0,
  "operations": [],
  "outputs": {
    "build/provenance.json": "01ab80a7df67f1d8f00b9f69a4e4e420f68983835645184ef715a0277b8df5c3"
  }
}







build/receipts/report.json

{
  "commands": [
    [
      "emacs",
      "--batch",
      "-Q",
      "--script",
      "bootstrap.el",
      "weave",
      "build/site/report.org",
      "build/site/index.html"
    ]
  ],
  "exit": 0,
  "operations": [
    {
      "api": "weasyprint.HTML.write_pdf",
      "input": "build/site/index.html",
      "output": "build/site/report.pdf"
    }
  ],
  "outputs": {
    "build/site/index.html": "70dda81056b121ff71e67f5b3decaf4bfed03ea382dbf398494499c79a8bbfd5",
    "build/site/report.pdf": "92f409030f76c99487c9e11569665376df581c584a5b60afa7a226e4bddf0041"
  }
}







build/receipts/select.json

{
  "commands": [
    [
      "awk",
      "-f",
      "build/programs/select.awk",
      "build/results/classified.tsv"
    ]
  ],
  "exit": 0,
  "operations": [],
  "outputs": {
    "build/results/usable.tsv": "1907b0930662e56e102dec184df34a16a9c28663170a8d1ac4f2300abc8d0097"
  }
}







build/receipts/summarize.json

{
  "commands": [
    [
      "awk",
      "-f",
      "build/programs/summarize.awk",
      "build/results/classified.tsv",
      "build/results/usable.tsv"
    ]
  ],
  "exit": 0,
  "operations": [],
  "outputs": {
    "build/results/summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201"
  }
}







build/receipts/validate.json

{
  "commands": [
    [
      "awk",
      "-f",
      "build/programs/validate.awk",
      "data/measurements.tsv"
    ]
  ],
  "exit": 0,
  "operations": [],
  "outputs": {
    "build/results/validated.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c"
  }
}







build/results/classified.tsv

sample_id	group	value	category
A01	A	10	used
A02	A	20	used
A03	A	NA	missing
A04	A	0	used
A05	A	100	rejected
B01	B	5	used
B02	B	15	used
B03	B	25	used
B04	B	NA	missing
B05	B	40	rejected







build/results/figure.pdf
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build/results/figure.svg

 

 Gnuplot
 Produced by GNUPLOT 6.0 patchlevel 6 
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build/results/summary.tsv

group	n_total	n_used	n_missing	n_rejected	mean
A	5	3	1	1	10.00
B	5	3	1	1	15.00







build/results/usable.tsv

sample_id	group	value
A01	A	10
A02	A	20
A04	A	0
B01	B	5
B02	B	15
B03	B	25







build/results/validated.tsv

sample_id	group	value	status
A01	A	10	valid
A02	A	20	valid
A03	A	NA	valid
A04	A	0	valid
A05	A	100	invalid
B01	B	5	valid
B02	B	15	valid
B03	B	25	valid
B04	B	NA	valid
B05	B	40	invalid







build/site/data/measurements.tsv

sample_id	group	value	status
A01	A	10	valid
A02	A	20	valid
A03	A	NA	valid
A04	A	0	valid
A05	A	100	invalid
B01	B	5	valid
B02	B	15	valid
B03	B	25	valid
B04	B	NA	valid
B05	B	40	invalid







build/site/index.html



Fictional measurement study


Explain the program. Rebuild the result.





Question and decision





What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.









Results






















			group
			n_total
			n_used
			n_missing
			n_rejected
			mean







			A
			5
			3
			1
			1
			10.00






			B
			5
			3
			1
			1
			15.00












[image: Group means from fictional data with used sample counts]








The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.









Evidence and handover





ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: 17 native checks. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is c1ccc8f2af94130907df580638cbe4660bed836b; its recorded dirty status is True.






			Read the complete literate source



			Read the original TSV input



			Download the summary TSV



			Inspect the machine-readable provenance



			Reuse input validation



			Reuse the group statistic program









The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.














build/site/programs/classify.awk

BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value","category"; next }
{
 category=($4=="invalid" ? "rejected" : ($3=="NA" ? "missing" : "used"))
 print $1,$2,$3,category
}







build/site/programs/contract.json

{
  "units": "a.u.",
  "missing": "NA",
  "status": [
    "valid",
    "invalid"
  ],
  "exclusion_priority": [
    "invalid",
    "NA"
  ],
  "locale": "C",
  "output_order": "ASCII group ascending",
  "number_format": "finite decimal/scientific; abs(value)<=1000000",
  "mean_format": "two decimal places; NA when n_used=0",
  "empty_input": "zero bytes: error 2; header only: no groups"
}







build/site/programs/plot.gp

set datafile separator "\t"
set datafile missing "NA"
set terminal svg size 740,380 font "DejaVu Sans,12" enhanced
set output SVG
set title "Group means — fictional teaching data"
set xlabel "Measurement group"
set ylabel "Mean (a.u.)"
set boxwidth 0.55
set style fill solid 0.8 border rgb "#00549f"
set grid ytics lc rgb "#d8e3ec"
set key off
if (GROUPS>0) {
 stats SUMMARY using (column("n_used")>0 ? column("mean") : 0) nooutput
 low=(STATS_min<0 ? STATS_min*1.25 : 0)
 high=(STATS_max>0 ? STATS_max*1.3 : 1)
 if (low==high) { low=low-1; high=high+1 }
 set yrange [low:high]
 set xrange [-0.6:GROUPS-0.4]
 plot SUMMARY using 0:(column("mean")):xticlabels(1) with boxes lc rgb "#00549f", \
      SUMMARY using 0:(column("n_used")>0 ? column("mean") : 0):(column("n_used")>0 ? sprintf("n=%d",column("n_used")) : "n=0; mean=NA") with labels offset 0,1.1 tc rgb "#087f88"
} else {
 set xrange [0:1]; set yrange [0:1]; unset xtics; unset ytics
 set label "No groups: header-only input" at graph 0.5,0.5 center
 plot NaN
}
set terminal pdfcairo size 16cm,8.5cm font "DejaVu Sans,11"
set output PDF
replot
unset output







build/site/programs/report-template.org

#+TITLE: Fictional measurement study
#+SUBTITLE: Explain the program. Rebuild the result.
#+LANGUAGE: en
#+OPTIONS: toc:nil num:nil author:nil date:nil creator:nil html-postamble:nil ^:nil
#+HTML_HEAD: <link rel="stylesheet" href="report.css">

* Question and decision
What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.

* Results
{{TABLE}}

#+ATTR_HTML: :alt Group means from fictional data with used sample counts :width 740
[[file:results/figure.svg]]

The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.

* Evidence and handover
:PROPERTIES:
:CUSTOM_ID: evidence
:END:
ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: {{CHECKS}}. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is {{REVISION}}; its recorded dirty status is {{DIRTY}}.

- [[file:research.org][Read the complete literate source]]
- [[file:data/measurements.tsv][Read the original TSV input]]
- [[file:results/summary.tsv][Download the summary TSV]]
- [[file:provenance.json][Inspect the machine-readable provenance]]
- [[file:programs/validate.awk][Reuse input validation]]
- [[file:programs/summarize.awk][Reuse the group statistic program]]

The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.







build/site/programs/report.css

:root{--publisher-blue:#00549f;--publisher-teal:#087f88;--publisher-ink:#173147;--publisher-line:#d8e3ec}
body{font:15px/1.5 "DejaVu Sans",sans-serif;color:var(--publisher-ink);max-width:980px;margin:35px auto;padding:0 20px}
h1,h2{color:var(--publisher-blue)}a{color:var(--publisher-teal)}table{border-collapse:collapse;width:100%}td,th{border-bottom:1px solid var(--publisher-line);padding:6px 10px;text-align:right}td:first-child,th:first-child{text-align:left}img{max-width:100%;height:auto}
@page{size:A4;margin:16mm;@bottom-right{content:counter(page);font:9pt sans-serif}}
@media print{#outline-container-evidence{break-before:page}body{font-size:10pt;margin:0;padding:0}h1{font-size:23pt}h2{font-size:15pt;margin:4mm 0 2mm}p{margin:2mm 0}table{font-size:9pt}img{max-height:78mm}a{overflow-wrap:anywhere}.figure{margin:3mm 0}#postamble{display:none}}







build/site/programs/select.awk

BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value"; next }
$4=="used" { print $1,$2,$3 }







build/site/programs/summarize.awk

BEGIN { FS=OFS="\t" }
FILENAME==ARGV[1] {
 if (FNR==1) next
 g=$2
 if (!(g in total)) groups[++ng]=g
 total[g]++
 if ($4=="missing") missing[g]++
 if ($4=="rejected") rejected[g]++
 next
}
FILENAME==ARGV[2] {
 if (FNR==1) next
 g=$2
 used[g]++; sum[g]+=$3
}
END {
 print "group","n_total","n_used","n_missing","n_rejected","mean"
 for (i=1;i<=ng;i++) for (j=i+1;j<=ng;j++) if (groups[j]<groups[i]) { t=groups[i];groups[i]=groups[j];groups[j]=t }
 for (i=1;i<=ng;i++) {
  g=groups[i]
  if (total[g]!=used[g]+missing[g]+rejected[g]) {
   print "handover error: count conservation failed for " g > "/dev/stderr"; exit 3
  }
  printf "%s\t%d\t%d\t%d\t%d\t%s\n",g,total[g],used[g],missing[g],rejected[g],(used[g] ? sprintf("%.2f",sum[g]/used[g]) : "NA")
 }
}







build/site/programs/validate.awk

BEGIN { FS=OFS="\t"; number="^[+-]?([0-9]+([.][0-9]*)?|[.][0-9]+)([eE][+-]?[0-9]+)?$" }
function fail(message) { print "input error: " message > "/dev/stderr"; failed=1; exit 2 }
NR==1 {
 if ($0!="sample_id\tgroup\tvalue\tstatus") fail("line 1: expected sample_id, group, value, status TSV header")
 print; next
}
{
 if (NF!=4) fail("line " NR ": expected 4 tab-separated fields, got " NF)
 if ($1 !~ /^[A-Za-z][A-Za-z0-9_-]*$/) fail("line " NR ": invalid sample_id")
 if (seen[$1]++) fail("line " NR ": duplicate sample_id " $1)
 if ($2 !~ /^[A-Z][A-Z0-9_]*$/) fail("line " NR ": group must be an uppercase ASCII identifier")
 if ($4!="valid" && $4!="invalid") fail("line " NR ": unexpected status " $4)
 if ($3!="NA" && $3 !~ number) fail("line " NR ": value must be a finite decimal number or NA")
 if ($3!="NA" && (($3+0)>1000000 || ($3+0)<-1000000)) fail("line " NR ": absolute value exceeds 1000000 a.u.")
 print
}
END { if (!failed && NR==0) fail("empty input: expected TSV header") }







build/site/provenance.json

{
  "execution": {
    "check": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/zero.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/zero/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/zero/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/zero/classified.tsv",
          "build/tests/zero/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/missing.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/missing/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/missing/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/missing/classified.tsv",
          "build/tests/missing/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/rejected.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/rejected/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/rejected/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/rejected/classified.tsv",
          "build/tests/rejected/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/priority.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/priority/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/priority/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/priority/classified.tsv",
          "build/tests/priority/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/header-only.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/header-only/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/header-only/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/header-only/classified.tsv",
          "build/tests/header-only/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/empty.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/duplicate.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/status.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/fields.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/number.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/invalid-number.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/scientific.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/scientific/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/scientific/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/scientific/classified.tsv",
          "build/tests/scientific/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/order.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/order/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/order/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/order/classified.tsv",
          "build/tests/order/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/header.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/range.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/empty-group.tsv"
        ]
      ],
      "exit": 0,
      "operations": [
        {
          "actual": "build/results/summary.tsv",
          "api": "Python bytes equality",
          "expected": "tests/expected-summary.tsv"
        }
      ],
      "outputs": {
        "build/checks.json": "6040c4a3d3399ec61f19dc178bb556ae389de5ebf218ce2fa587c39262f8b4b5"
      }
    },
    "classify": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/results/validated.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/classified.tsv": "815dcd21afe440ffec0c0071d57ff8d7038df461f4e0361768ad5945941e10b5"
      }
    },
    "plot": {
      "commands": [
        [
          "gnuplot",
          "-e",
          "SUMMARY='build/results/summary.tsv';SVG='build/results/figure.svg';PDF='build/results/figure.pdf';GROUPS=2",
          "build/programs/plot.gp"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/figure.pdf": "9ee35edd715b01eb6550638066696108476569f33e66e4ebae9ce8f4015344f4",
        "build/results/figure.svg": "d28c9993b84275b461a6c908f9fe7e533ab8d91d632de32bcf2c790a993d8f9e"
      }
    },
    "select": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/results/classified.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/usable.tsv": "1907b0930662e56e102dec184df34a16a9c28663170a8d1ac4f2300abc8d0097"
      }
    },
    "summarize": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/results/classified.tsv",
          "build/results/usable.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201"
      }
    },
    "validate": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "data/measurements.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/validated.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c"
      }
    }
  },
  "git": {
    "commit": "c1ccc8f2af94130907df580638cbe4660bed836b",
    "dirty": true
  },
  "inputs": {
    "data/measurements.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c",
    "tests/cases.json": "e5ed5984ffb2989512b8c97c1893be63ca830b70f5e48ed4ce9fc6dab9ac06c7",
    "tests/expected-summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201",
    "tests/fixtures/duplicate.tsv": "853e155287c7b79f58e9a14aab84886aaa87e11b772799dd7b942a6b5e9be9f4",
    "tests/fixtures/empty-group.tsv": "7c69e00c56be7309f67d3bb05aa776fbc6aa23c400a25ab1b17334d0b9be3b27",
    "tests/fixtures/empty.tsv": "e3b0c44298fc1c149afbf4c8996fb92427ae41e4649b934ca495991b7852b855",
    "tests/fixtures/fields.tsv": "03af4a359e48f2180e1a91ebf0b36c220ed377a99b1c4a3efa7e615f0377c1de",
    "tests/fixtures/header-only.tsv": "dd3ad93555ab3ba55d5f214aa034964f34c98bac9c7765a0cce126db831b2b42",
    "tests/fixtures/header.tsv": "e1c03362e7e8ee88113ae9777195c769de23ab95eac0e4426eb29ac66b4f190f",
    "tests/fixtures/invalid-number.tsv": "6fdf56d8a4215447654eb1e3900eb51398307255b070b0190e5ecf73142b328f",
    "tests/fixtures/missing.tsv": "fa73a0b59c3e1c668f08be64e9552416e9571ce6c68774587d1c2caa79726475",
    "tests/fixtures/number.tsv": "89798c429ff37a02892cf346b094d6c3168aca26c2bec3d3e8cd1b50d9fee30a",
    "tests/fixtures/order.tsv": "39dc9280d34e79f06d5f34064c15fc071cc1a10f4c3144ba87c8e639d5e7041a",
    "tests/fixtures/priority.tsv": "a5beaa96b92b04d68a25fee25b8f0a71ee026890892ebc7fe720000762dd5891",
    "tests/fixtures/range.tsv": "98c0246058815d503447ac4cce9de41f1df7952610c6c871c588df9b916fdd7a",
    "tests/fixtures/rejected.tsv": "3daa2914bab22bf2458dbe6ae9cd5f5d8a8354e4ad8033e679829deb3205f05f",
    "tests/fixtures/scientific.tsv": "0daa04588dd67a116a5b4320c8a8cc0b3cb1992d4d480ff9f6fb514192a025fb",
    "tests/fixtures/status.tsv": "6d99fcc4a4ac3f50f3a97639eec61713b6d925b8133408522637f3aa353db993",
    "tests/fixtures/zero.tsv": "6bd3476aef942501a0f61a1099efdec4fe35a7296e4145cf00aaaa6de05535de"
  },
  "invocation": {
    "bootstrap": [
      "python3",
      "build.py",
      "all",
      "--jobs",
      "4",
      "--awk",
      "awk"
    ],
    "cwd": ".",
    "make": [
      "gmake",
      "--silent",
      "--no-print-directory",
      "-rR",
      "-j",
      "4",
      "-f",
      "build/workflow.mk",
      "all",
      "PYTHON=python3",
      "AWK=awk"
    ]
  },
  "parameters": {
    "empty_input": "zero bytes: error 2; header only: no groups",
    "exclusion_priority": [
      "invalid",
      "NA"
    ],
    "locale": "C",
    "mean_format": "two decimal places; NA when n_used=0",
    "missing": "NA",
    "number_format": "finite decimal/scientific; abs(value)<=1000000",
    "output_order": "ASCII group ascending",
    "status": [
      "valid",
      "invalid"
    ],
    "units": "a.u."
  },
  "programs": {
    "build/programs/classify.awk": "044b31022ef7a9618c1b3bb5ab700f2709228f50353ad179eb77ac14349d5cbd",
    "build/programs/contract.json": "2e2e6d8865c6f66598265e70fe4fc74cfbe277fe25feac7beb22fba8bd6776fa",
    "build/programs/plot.gp": "8de4390e0aec373991fcce61399742b6ae67c28d8295039d56d0aacebbce96ca",
    "build/programs/report-template.org": "b72e02c9151d188ea38c0d98eaf3ab7237b7c7d7e1b8e891a707a5a9aeaa406e",
    "build/programs/report.css": "8e9673b92ac5bc672356a9b1d02646bb23ada88642eb80c9e46bfdeedb302759",
    "build/programs/select.awk": "9fca97a1125a21316bf88a386ff4b525d44182d0d6100bfca1428d60c5ba1253",
    "build/programs/summarize.awk": "5918f57c4642e7ed9aca5bc571c4c83049536ff263885e22f135a33a07616050",
    "build/programs/validate.awk": "6d572270ab039a1cc02fc5fdf969386ba2cbea4d22dcbf4a75a288ab0b66ea48",
    "build/tools/pipeline.py": "78554a76ea510156134986a66498de560150743df416249b3a05a9d6eafe95b7",
    "build/workflow.mk": "e37cb59ff98bfaf1449641e57ebb72d5c040d86b8b7a8d27bd014ecee0601d55"
  },
  "question": "Group mean of usable fictional measurements",
  "results": {
    "build/checks.json": "6040c4a3d3399ec61f19dc178bb556ae389de5ebf218ce2fa587c39262f8b4b5",
    "build/results/classified.tsv": "815dcd21afe440ffec0c0071d57ff8d7038df461f4e0361768ad5945941e10b5",
    "build/results/figure.pdf": "9ee35edd715b01eb6550638066696108476569f33e66e4ebae9ce8f4015344f4",
    "build/results/figure.svg": "d28c9993b84275b461a6c908f9fe7e533ab8d91d632de32bcf2c790a993d8f9e",
    "build/results/summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201",
    "build/results/usable.tsv": "1907b0930662e56e102dec184df34a16a9c28663170a8d1ac4f2300abc8d0097",
    "build/results/validated.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c"
  },
  "schema": 1,
  "scope": "Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.",
  "sources": {
    "bootstrap.el": "92870a87d31ef7b562e18e5e257788901f234c4bb6dee99a5033d23ccf7e597e",
    "build.py": "198e10e3c882af5810bf946d08b453ec0e47872a7e450249f44e7f6f7a3d81c2",
    "research.org": "27708922eeaf5c45db13bc359857057ecd389380c35b657bb6225e2f3f4f7aa9"
  },
  "tangle": [
    "emacs",
    "--batch",
    "-Q",
    "--script",
    "bootstrap.el",
    "tangle",
    "research.org"
  ],
  "versions": {
    "PyMuPDF": "1.28.2",
    "awk": "awk version 20200816",
    "awk_binary_sha256": "310e75b917c4d346cecb6ffab9ca88507870242347a6cf0110eef4aa73b6f809",
    "emacs": "31.1 / Org 9.8.7",
    "gnuplot": "gnuplot 6.0 patchlevel 6",
    "make": "GNU Make 4.4.1",
    "python": "3.14.10",
    "weasyprint": "70.0"
  }
}
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#+TITLE: Fictional measurement study
#+SUBTITLE: Explain the program. Rebuild the result.
#+LANGUAGE: en
#+OPTIONS: toc:nil num:nil author:nil date:nil creator:nil html-postamble:nil ^:nil
#+HTML_HEAD: <link rel="stylesheet" href="report.css">

* Question and decision
What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.

* Results
| group | n_total | n_used | n_missing | n_rejected | mean |
|-----+-------+------+---------+----------+----|
| A | 5 | 3 | 1 | 1 | 10.00 |
| B | 5 | 3 | 1 | 1 | 15.00 |

#+ATTR_HTML: :alt Group means from fictional data with used sample counts :width 740
[[file:results/figure.svg]]

The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.

* Evidence and handover
:PROPERTIES:
:CUSTOM_ID: evidence
:END:
ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: 17 native checks. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is c1ccc8f2af94130907df580638cbe4660bed836b; its recorded dirty status is True.

- [[file:research.org][Read the complete literate source]]
- [[file:data/measurements.tsv][Read the original TSV input]]
- [[file:results/summary.tsv][Download the summary TSV]]
- [[file:provenance.json][Inspect the machine-readable provenance]]
- [[file:programs/validate.awk][Reuse input validation]]
- [[file:programs/summarize.awk][Reuse the group statistic program]]

The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.
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Fictional measurement study 
Explain the program. Rebuild the result.



Question and decision
What is the mean of each group's usable measurements, in arbitrary units? These are fictional
teaching data, not observations supporting a scientific claim. A recorded zero is usable. NA is
missing. Invalid status takes precedence over missingness. No usable observations means NA,
never an invented zero mean. 



Results



group n_total n_used n_missing n_rejected mean



A 5 3 1 1 10.00



B 5 3 1 1 15.00



The n labels count used measurements. A group without usable values has no bar and is explicitly
labeled n=0; mean=NA. Exclusion categories do not overlap. 
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Evidence and handover
ROOT the tools. SHAPE the workflow. The reference and edge cases passed: 17 native checks. Data
conservation is checked for every group: n_total = n_used + n_missing + n_rejected. The source
revision is c1ccc8f2af94130907df580638cbe4660bed836b; its recorded dirty status is True. 



Read the complete literate source
Read the original TSV input
Download the summary TSV
Inspect the machine-readable provenance
Reuse input validation
Reuse the group statistic program



The manifest hashes inputs, source, generated programs and checked scientific results. It does not
hash itself or this report: manifest precedes report. Identical scientific tables are tested in this
recorded environment. PDF bytes can differ with fonts, tool versions and timestamps; no cross-
platform byte identity is claimed. Source, raw TSV and manifest are attached to the PDF. 
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#+TITLE: A literate fictional measurement study
#+SUBTITLE: Explain the program. Rebuild the result.
#+LANGUAGE: en
#+PROPERTY: header-args :tangle no :eval never :comments no :padline no
#+OPTIONS: toc:2 num:nil

* Question and executable overview
We estimate mean usable value by group in arbitrary units. These data are
fictional teaching data. A zero remains an observation; NA is missing.
Invalid status takes precedence over missingness, so exclusion categories do
not overlap. The raw TSV is an independent input, not tangled from this file.

ROOT the tools. SHAPE the workflow.
ROOT means Robust, Open, Ongoing, Time-tested. SHAPE means Structure stages,
Harmonize handovers, Automate actions, Propagate provenance, Evaluate explicitly.
These are design perspectives across the dependency graph, not five execution
steps. The graph is raw -> validated -> classified -> usable -> summary ->
checked figure -> provenance -> report.

The following blocks specify machine composition. Read the explanatory sections
in the order useful for understanding the question. Every helper fragment uses
:tangle no; only these masters produce files. :noweb tangle substitutes text
when tangling, leaving references visible while reading/exporting this source.
No evaluated noweb call syntax is used.

#+name: validate-program
#+begin_src awk :tangle programs/validate.awk :mkdirp yes :noweb tangle
<<validation-setup>>
<<validate-input>>
#+end_src

#+name: classify-program
#+begin_src awk :tangle programs/classify.awk :mkdirp yes :noweb tangle
<<classify-measurements>>
#+end_src

#+name: selection-program
#+begin_src awk :tangle programs/select.awk :mkdirp yes :noweb tangle
<<select-usable-measurements>>
#+end_src

#+name: summary-program
#+begin_src awk :tangle programs/summarize.awk :mkdirp yes :noweb tangle
<<summarize-by-group>>
<<ordered-groups>>
#+end_src

#+name: figure-program
#+begin_src gnuplot :tangle programs/plot.gp :mkdirp yes :noweb tangle
<<plot-results>>
#+end_src

#+name: contract-program
#+begin_src json :tangle programs/contract.json :mkdirp yes :noweb tangle
<<analysis-contract>>
#+end_src

#+name: report-program
#+begin_src org :tangle programs/report-template.org :mkdirp yes :noweb tangle
<<report-template>>
#+end_src

#+name: style-program
#+begin_src css :tangle programs/report.css :mkdirp yes :noweb tangle
<<report-style>>
#+end_src

#+name: make-program
#+begin_src makefile :tangle workflow.mk :mkdirp yes :noweb tangle
<<workflow>>
#+end_src

#+name: pipeline-program
#+begin_src python :tangle tools/pipeline.py :mkdirp yes :noweb tangle
<<pipeline-utilities>>
<<execute-stages>>
<<evaluate-explicitly>>
<<render-native-figure>>
<<propagate-provenance>>
<<weave-explanation>>
<<verify-handover>>
<<pipeline-entry>>
#+end_src

* Count every exclusion
Discuss the output contract first, although this fragment executes in END after all rows have been consumed. n_total must equal the three disjoint categories. A group with no usable values prints NA, not 0.

#+name: summary-header
#+begin_src awk :tangle no :noweb tangle
print "group","n_total","n_used","n_missing","n_rejected","mean"
#+end_src

#+name: report-exclusions
#+begin_src awk :tangle no :noweb tangle
if (total[g]!=used[g]+missing[g]+rejected[g]) {
 print "handover error: count conservation failed for " g > "/dev/stderr"; exit 3
}
printf "%s\t%d\t%d\t%d\t%d\t%s\n",g,total[g],used[g],missing[g],rejected[g],(used[g] ? sprintf("%.2f",sum[g]/used[g]) : "NA")
#+end_src

* Select usable measurements
Classify only validated rows. Invalid wins before NA; the separate usable handover has three columns and preserves an actual zero.

#+name: classify-measurements
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value","category"; next }
{
 category=($4=="invalid" ? "rejected" : ($3=="NA" ? "missing" : "used"))
 print $1,$2,$3,category
}
#+end_src

#+name: select-usable-measurements
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value"; next }
$4=="used" { print $1,$2,$3 }
#+end_src

* Summarize scientific groups
The first input supplies the census and exclusion counts; the second supplies only usable measurements. Sorting group names explicitly avoids AWK array iteration order. Formatting happens only at the output boundary.

#+name: summarize-by-group
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
FILENAME==ARGV[1] {
 if (FNR==1) next
 g=$2
 if (!(g in total)) groups[++ng]=g
 total[g]++
 if ($4=="missing") missing[g]++
 if ($4=="rejected") rejected[g]++
 next
}
FILENAME==ARGV[2] {
 if (FNR==1) next
 g=$2
 used[g]++; sum[g]+=$3
}
#+end_src

#+name: ordered-groups
#+begin_src awk :tangle no :noweb tangle
END {
 <<summary-header>>
 for (i=1;i<=ng;i++) for (j=i+1;j<=ng;j++) if (groups[j]<groups[i]) { t=groups[i];groups[i]=groups[j];groups[j]=t }
 for (i=1;i<=ng;i++) {
  g=groups[i]
  <<report-exclusions>>
 }
}
#+end_src

* Validate before publishing
Validation appears later in the explanation, but executes before classification. Fields are true TSV, IDs are unique, groups are uppercase ASCII identifiers and values are finite decimals/scientific notation or NA. Absolute values above 1000000 a.u. are outside this teaching contract. Empty bytes are an error; a header-only input is valid and contains no groups.

#+name: validation-setup
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t"; number="^[+-]?([0-9]+([.][0-9]*)?|[.][0-9]+)([eE][+-]?[0-9]+)?$" }
function fail(message) { print "input error: " message > "/dev/stderr"; failed=1; exit 2 }
#+end_src

#+name: validate-input
#+begin_src awk :tangle no :noweb tangle
NR==1 {
 if ($0!="sample_id\tgroup\tvalue\tstatus") fail("line 1: expected sample_id, group, value, status TSV header")
 print; next
}
{
 if (NF!=4) fail("line " NR ": expected 4 tab-separated fields, got " NF)
 if ($1 !~ /^[A-Za-z][A-Za-z0-9_-]*$/) fail("line " NR ": invalid sample_id")
 if (seen[$1]++) fail("line " NR ": duplicate sample_id " $1)
 if ($2 !~ /^[A-Z][A-Z0-9_]*$/) fail("line " NR ": group must be an uppercase ASCII identifier")
 if ($4!="valid" && $4!="invalid") fail("line " NR ": unexpected status " $4)
 if ($3!="NA" && $3 !~ number) fail("line " NR ": value must be a finite decimal number or NA")
 if ($3!="NA" && (($3+0)>1000000 || ($3+0)<-1000000)) fail("line " NR ": absolute value exceeds 1000000 a.u.")
 print
}
END { if (!failed && NR==0) fail("empty input: expected TSV header") }
#+end_src

#+name: analysis-contract
#+begin_src json :tangle no :noweb tangle
{
  "units": "a.u.",
  "missing": "NA",
  "status": [
    "valid",
    "invalid"
  ],
  "exclusion_priority": [
    "invalid",
    "NA"
  ],
  "locale": "C",
  "output_order": "ASCII group ascending",
  "number_format": "finite decimal/scientific; abs(value)<=1000000",
  "mean_format": "two decimal places; NA when n_used=0",
  "empty_input": "zero bytes: error 2; header only: no groups"
}
#+end_src

* Plot the result
gnuplot reads header names, not a duplicated numeric column convention. Missing means do not get a zero bar. Labels disclose n_used and mark n=0; mean=NA. The all-empty case gets a visible message.

#+name: plot-results
#+begin_src gnuplot :tangle no :noweb tangle
set datafile separator "\t"
set datafile missing "NA"
set terminal svg size 740,380 font "DejaVu Sans,12" enhanced
set output SVG
set title "Group means — fictional teaching data"
set xlabel "Measurement group"
set ylabel "Mean (a.u.)"
set boxwidth 0.55
set style fill solid 0.8 border rgb "#00549f"
set grid ytics lc rgb "#d8e3ec"
set key off
if (GROUPS>0) {
 stats SUMMARY using (column("n_used")>0 ? column("mean") : 0) nooutput
 low=(STATS_min<0 ? STATS_min*1.25 : 0)
 high=(STATS_max>0 ? STATS_max*1.3 : 1)
 if (low==high) { low=low-1; high=high+1 }
 set yrange [low:high]
 set xrange [-0.6:GROUPS-0.4]
 plot SUMMARY using 0:(column("mean")):xticlabels(1) with boxes lc rgb "#00549f", \
      SUMMARY using 0:(column("n_used")>0 ? column("mean") : 0):(column("n_used")>0 ? sprintf("n=%d",column("n_used")) : "n=0; mean=NA") with labels offset 0,1.1 tc rgb "#087f88"
} else {
 set xrange [0:1]; set yrange [0:1]; unset xtics; unset ytics
 set label "No groups: header-only input" at graph 0.5,0.5 center
 plot NaN
}
set terminal pdfcairo size 16cm,8.5cm font "DejaVu Sans,11"
set output PDF
replot
unset output
#+end_src

* Connect stages with Make
GNU Make 4.3+ grouped targets give each SVG/PDF and HTML/PDF output pair one writer under -j. Checks precede figure and report. The bootstrap tangles this Makefile first; it is never a prerequisite of its own initial generation.

#+name: workflow
#+begin_src makefile :tangle no :noweb tangle
.DEFAULT_GOAL := all
.RECIPEPREFIX := >
.DELETE_ON_ERROR:
.SUFFIXES:
PYTHON ?= python3
AWK ?= awk
RUN = $(PYTHON) build/tools/pipeline.py
.PHONY: all results check figure provenance report
all: report
results: build/results/summary.tsv
check: build/checks.json
figure: build/results/figure.svg build/results/figure.pdf
provenance: build/provenance.json
report: build/site/index.html build/site/report.pdf
build/results/validated.tsv: data/measurements.tsv build/raw.sha256 build/environment.json build/programs/validate.awk build/tools/pipeline.py
>@$(RUN) stage validate $(AWK)
build/results/classified.tsv: build/results/validated.tsv build/programs/classify.awk build/tools/pipeline.py
>@$(RUN) stage classify $(AWK)
build/results/usable.tsv: build/results/classified.tsv build/programs/select.awk build/tools/pipeline.py
>@$(RUN) stage select $(AWK)
build/results/summary.tsv: build/results/classified.tsv build/results/usable.tsv build/programs/summarize.awk build/tools/pipeline.py
>@$(RUN) stage summarize $(AWK)
build/checks.json: build/results/summary.tsv tests/expected-summary.tsv tests/cases.json $(wildcard tests/fixtures/*.tsv) $(wildcard build/programs/*.awk) build/tools/pipeline.py
>@$(RUN) check $(AWK)
build/results/figure.svg build/results/figure.pdf &: build/results/summary.tsv build/checks.json build/programs/plot.gp build/tools/pipeline.py
>@$(RUN) plot
build/provenance.json: build/results/figure.svg build/results/figure.pdf build/checks.json build/source.json build/environment.json build/invocation.json build/tangle.json $(wildcard build/programs/*) build/workflow.mk build/tools/pipeline.py
>@$(RUN) provenance
build/site/index.html build/site/report.pdf &: build/provenance.json build/programs/report-template.org build/programs/report.css build/tools/pipeline.py bootstrap.el
>@$(RUN) report
#+end_src

* Keep the handovers traceable
Python is glue for existing native tools, testing, hashing and the same WeasyPrint/PyMuPDF renderer used by the tour publisher. It does not replace AWK statistics or draw the figure. Receipts record relative invocations and successful outputs.

#+name: pipeline-utilities
#+begin_src python :tangle no :noweb tangle
import csv,hashlib,html,json,os,re,shutil,subprocess,sys,tempfile
from urllib.parse import unquote,urlsplit
from pathlib import Path
ROOT=Path.cwd()
KEYS=['group','n_total','n_used','n_missing','n_rejected','mean']
def sha(path):return hashlib.sha256(Path(path).read_bytes()).hexdigest()
def read(path):
 with open(path,newline='') as f:return list(csv.DictReader(f,delimiter='\t'))
def write(path,data):
 path=Path(path);path.parent.mkdir(parents=True,exist_ok=True)
 data=data.encode() if isinstance(data,str) else data
 tmp=path.with_name(path.name+'.tmp');tmp.write_bytes(data);os.replace(tmp,path)
def js(path,value):write(path,json.dumps(value,sort_keys=True,indent=2)+'\n')
def event(name):
 with open('build/events.log','a') as f:f.write(name+'\n')
def run(argv,expected=0):
 p=subprocess.run(argv,capture_output=True,text=True)
 if p.returncode!=expected:raise RuntimeError(p.stderr.strip() or 'command failed: '+' '.join(argv))
 return p
def receipt(name,commands,outputs,operations=None):
 js('build/receipts/'+name+'.json',{'commands':commands,'operations':operations or [],'exit':0,'outputs':{p:sha(p) for p in outputs}})
 event(name)
def awk_pipeline(raw,directory,awk,commands=None):
 paths=[]
 for step,program in [('validated','validate'),('classified','classify'),('usable','select'),('summary','summarize')]:
  inputs=[str(raw)] if not paths else [str(paths[0])] if program=='classify' else [str(paths[1])] if program=='select' else [str(paths[1]),str(paths[2])]
  argv=[awk,'-f','build/programs/'+program+'.awk',*inputs]
  if commands is not None:commands.append(argv)
  p=subprocess.run(argv,capture_output=True,text=True)
  if p.returncode:return p,paths
  target=Path(directory)/(step+'.tsv');target.write_text(p.stdout);paths.append(target)
 return p,paths
#+end_src

#+name: execute-stages
#+begin_src python :tangle no :noweb tangle
def stage(name,awk):
 plans={'validate':('validate',['data/measurements.tsv'],'validated'),
        'classify':('classify',['build/results/validated.tsv'],'classified'),
        'select':('select',['build/results/classified.tsv'],'usable'),
        'summarize':('summarize',['build/results/classified.tsv','build/results/usable.tsv'],'summary')}
 program,inputs,output=plans[name];argv=[awk,'-f','build/programs/'+program+'.awk',*inputs]
 p=run(argv);target='build/results/'+output+'.tsv';write(target,p.stdout)
 receipt(name,[argv],[target])
#+end_src

#+name: evaluate-explicitly
#+begin_src python :tangle no :noweb tangle
def check(awk):
 expected=Path('tests/expected-summary.tsv').read_bytes()
 if Path('build/results/summary.tsv').read_bytes()!=expected:raise RuntimeError('reference summary differs from authored tests/expected-summary.tsv')
 cases=json.loads(Path('tests/cases.json').read_text());outcomes=[];commands=[]
 for case in cases:
  if not re.fullmatch('[a-z0-9-]+',case['name']):raise RuntimeError('invalid test case name')
  directory=Path('build/tests')/case['name'];directory.mkdir(parents=True,exist_ok=True)
  p,paths=awk_pipeline(case['file'],directory,awk,commands)
  if p.returncode!=case['exit']:raise RuntimeError(case['name']+': wrong error status')
  if case['error'] and p.stderr.strip()!='input error: '+case['error']:raise RuntimeError(case['name']+': wrong diagnostic')
  if not case['exit']:
   actual=[{k:r[k] for k in KEYS} for r in read(paths[-1])]
   if actual!=case['rows']:raise RuntimeError(case['name']+': incorrect scientific result')
   for row in actual:
    if int(row['n_total'])!=sum(int(row[k]) for k in ('n_used','n_missing','n_rejected')):raise RuntimeError('count conservation failed')
  outcomes.append({'case':case['name'],'status':p.returncode,'passed':True})
 js('build/checks.json',{'reference':'passed','cases':outcomes,'count_conservation':'passed','scope':'native AWK reference and specified edge cases; no cross-platform byte claim'})
 receipt('check',commands,['build/checks.json'],[{'api':'Python bytes equality','expected':'tests/expected-summary.tsv','actual':'build/results/summary.tsv'}])
#+end_src

#+name: render-native-figure
#+begin_src python :tangle no :noweb tangle
def plot():
 groups=len(read('build/results/summary.tsv'))
 arguments="SUMMARY='build/results/summary.tsv';SVG='build/results/figure.svg';PDF='build/results/figure.pdf';GROUPS="+str(groups)
 argv=['gnuplot','-e',arguments,'build/programs/plot.gp'];run(argv)
 if not Path('build/results/figure.svg').is_file() or not Path('build/results/figure.pdf').is_file():raise RuntimeError('native figure missing')
 receipt('plot',[argv],['build/results/figure.svg','build/results/figure.pdf'])
#+end_src

#+name: propagate-provenance
#+begin_src python :tangle no :noweb tangle
def provenance():
 tangle=json.loads(Path('build/tangle.json').read_text());source=json.loads(Path('build/source.json').read_text())
 inputs=['data/measurements.tsv','tests/expected-summary.tsv','tests/cases.json']+sorted(str(p) for p in Path('tests/fixtures').glob('*.tsv'))
 programs=['build/'+p for p in sorted(tangle['files'])]
 results=sorted(str(p) for p in Path('build/results').glob('*'))+['build/checks.json']
 receipts={p.stem:json.loads(p.read_text()) for p in sorted(Path('build/receipts').glob('*.json')) if p.stem in {'validate','classify','select','summarize','check','plot'}}
 record={'schema':1,'question':'Group mean of usable fictional measurements','parameters':json.loads(Path('build/programs/contract.json').read_text()),
  'inputs':{p:sha(p) for p in inputs},'sources':{p:sha(p) for p in ['research.org','build.py','bootstrap.el']},
  'programs':{p:sha(p) for p in programs},'results':{p:sha(p) for p in results},
  'versions':json.loads(Path('build/environment.json').read_text()),'git':source['git'],
  'execution':receipts,'tangle':tangle['command'],'invocation':json.loads(Path('build/invocation.json').read_text()),
  'scope':'Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.'}
 js('build/provenance.json',record);receipt('provenance',[],['build/provenance.json'])
#+end_src

* Weave a working report
The report template is tangled, then a working report.org under build/site receives the real table. Native Org HTML export has Babel evaluation disabled. WeasyPrint produces its PDF. The maintained source is never updated with results. Manifest precedes report; downstream reports and the manifest itself are excluded from its hash sets.

#+name: report-template
#+begin_src org :tangle no :noweb tangle
,#+TITLE: Fictional measurement study
,#+SUBTITLE: Explain the program. Rebuild the result.
,#+LANGUAGE: en
,#+OPTIONS: toc:nil num:nil author:nil date:nil creator:nil html-postamble:nil ^:nil
,#+HTML_HEAD: <link rel="stylesheet" href="report.css">

,* Question and decision
What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.

,* Results
{{TABLE}}

,#+ATTR_HTML: :alt Group means from fictional data with used sample counts :width 740
[[file:results/figure.svg]]

The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.

,* Evidence and handover
:PROPERTIES:
:CUSTOM_ID: evidence
:END:
ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: {{CHECKS}}. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is {{REVISION}}; its recorded dirty status is {{DIRTY}}.

- [[file:research.org][Read the complete literate source]]
- [[file:data/measurements.tsv][Read the original TSV input]]
- [[file:results/summary.tsv][Download the summary TSV]]
- [[file:provenance.json][Inspect the machine-readable provenance]]
- [[file:programs/validate.awk][Reuse input validation]]
- [[file:programs/summarize.awk][Reuse the group statistic program]]

The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.
#+end_src

#+name: report-style
#+begin_src css :tangle no :noweb tangle
:root{--publisher-blue:#00549f;--publisher-teal:#087f88;--publisher-ink:#173147;--publisher-line:#d8e3ec}
body{font:15px/1.5 "DejaVu Sans",sans-serif;color:var(--publisher-ink);max-width:980px;margin:35px auto;padding:0 20px}
h1,h2{color:var(--publisher-blue)}a{color:var(--publisher-teal)}table{border-collapse:collapse;width:100%}td,th{border-bottom:1px solid var(--publisher-line);padding:6px 10px;text-align:right}td:first-child,th:first-child{text-align:left}img{max-width:100%;height:auto}
@page{size:A4;margin:16mm;@bottom-right{content:counter(page);font:9pt sans-serif}}
@media print{#outline-container-evidence{break-before:page}body{font-size:10pt;margin:0;padding:0}h1{font-size:23pt}h2{font-size:15pt;margin:4mm 0 2mm}p{margin:2mm 0}table{font-size:9pt}img{max-height:78mm}a{overflow-wrap:anywhere}.figure{margin:3mm 0}#postamble{display:none}}
#+end_src

#+name: weave-explanation
#+begin_src python :tangle no :noweb tangle
def report():
 import pymupdf
 from weasyprint import HTML
 site=Path('build/site');site.mkdir(exist_ok=True)
 for source in ['research.org','data/measurements.tsv','build/provenance.json','build/programs/report.css']:
  target=site/('report.css' if source.endswith('.css') else source.removeprefix('build/'))
  target.parent.mkdir(parents=True,exist_ok=True);shutil.copy2(source,target)
 for folder in ['results','programs']:
  shutil.copytree(Path('build')/folder,site/folder,dirs_exist_ok=True)
 rows=list(csv.reader(open('build/results/summary.tsv'),delimiter='\t'))
 table='\n'.join('| '+' | '.join(row)+' |' for row in rows[:1])+'\n|'+ '+'.join('-'*max(3,len(v)) for v in rows[0])+'|\n'+'\n'.join('| '+' | '.join(row)+' |' for row in rows[1:])
 checks=json.loads(Path('build/checks.json').read_text());proof=json.loads(Path('build/provenance.json').read_text())
 text=Path('build/programs/report-template.org').read_text().replace('{{TABLE}}',table).replace('{{CHECKS}}',str(1+len(checks['cases']))+' native checks').replace('{{REVISION}}',proof['git']['commit'] or 'not in Git').replace('{{DIRTY}}',str(proof['git']['dirty']))
 write(site/'report.org',text)
 argv=['emacs','--batch','-Q','--script','bootstrap.el','weave','build/site/report.org','build/site/index.html'];run(argv)
 HTML(filename=str(site/'index.html')).write_pdf(site/'report.pdf')
 with pymupdf.open(site/'report.pdf') as pdf:
  for file in ['research.org','data/measurements.tsv','provenance.json']:pdf.embfile_add(file,(site/file).read_bytes(),filename=file)
  for page in pdf:
   for link in page.get_links():
    filename=link.get('file','') or (urlsplit(link.get('uri','')).path if link.get('uri','').startswith('file:') else '')
    filename=unquote(filename)
    if filename and Path(filename).is_absolute() and Path(filename).is_relative_to(site.resolve()):page.update_link({'kind':pymupdf.LINK_LAUNCH,'xref':link['xref'],'from':link['from'],'file':str(Path(filename).relative_to(site.resolve()))})
  pdf.save(site/'attached.pdf',garbage=4,deflate=True)
 (site/'attached.pdf').replace(site/'report.pdf')
 receipt('report',[argv],['build/site/index.html','build/site/report.pdf'],[{'api':'weasyprint.HTML.write_pdf','input':'build/site/index.html','output':'build/site/report.pdf'}])
#+end_src

#+name: verify-handover
#+begin_src python :tangle no :noweb tangle
def verify():
 record=json.loads(Path('build/provenance.json').read_text())
 for role in ['inputs','sources','programs','results']:
  for file,expected in record[role].items():
   if not Path(file).is_file() or sha(file)!=expected:raise RuntimeError('provenance mismatch: '+file)
 if 'build/provenance.json' in record['results']:raise RuntimeError('manifest self-hash is forbidden')
 for file,expected in json.loads(Path('build/receipts/report.json').read_text())['outputs'].items():
  if sha(file)!=expected:raise RuntimeError('report receipt mismatch: '+file)
 print('verify: input, source, program, result and report hashes passed')
#+end_src

#+name: pipeline-entry
#+begin_src python :tangle no :noweb tangle
if __name__=='__main__':
 try:
  command=sys.argv[1]
  if command=='stage':stage(sys.argv[2],sys.argv[3])
  elif command=='check':check(sys.argv[2])
  elif command=='plot':plot()
  elif command=='provenance':provenance()
  elif command=='report':report()
  elif command=='verify':verify()
  else:raise RuntimeError('unknown pipeline command')
 except (OSError,RuntimeError,ValueError,KeyError) as error:raise SystemExit('study: '+str(error))
#+end_src

* Source, input and generated roles
| Role | Files | Authority |
|------+-------+-----------|
| Source | research.org | Domain programs, Make graph, report template and glue |
| Source | build.py, bootstrap.el | Small bootstrap with no domain calculation |
| Source | tests/expected-summary.tsv, tests/cases.json | Independently authored acceptance expectations |
| Input | data/measurements.tsv, tests/fixtures/*.tsv | Independent TSV observations and test inputs |
| Generated | build/programs, build/tools, build/workflow.mk | Real Org tangles; do not edit as sources |
| Generated | build/results, checks.json, provenance.json, site | Native outcomes and woven working copy |

All experimental copies are isolated. Build outputs stay below build/.
Purely narrative edits can change source provenance without changing generated
program bytes. An unchanged build leaves scientific calculations alone.







sample_id	group	value	status
A01	A	10	valid
A02	A	20	valid
A03	A	NA	valid
A04	A	0	valid
A05	A	100	invalid
B01	B	5	valid
B02	B	15	valid
B03	B	25	valid
B04	B	NA	valid
B05	B	40	invalid







{
  "execution": {
    "check": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/zero.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/zero/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/zero/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/zero/classified.tsv",
          "build/tests/zero/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/missing.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/missing/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/missing/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/missing/classified.tsv",
          "build/tests/missing/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/rejected.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/rejected/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/rejected/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/rejected/classified.tsv",
          "build/tests/rejected/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/priority.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/priority/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/priority/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/priority/classified.tsv",
          "build/tests/priority/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/header-only.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/header-only/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/header-only/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/header-only/classified.tsv",
          "build/tests/header-only/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/empty.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/duplicate.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/status.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/fields.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/number.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/invalid-number.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/scientific.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/scientific/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/scientific/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/scientific/classified.tsv",
          "build/tests/scientific/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/order.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/tests/order/validated.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/tests/order/classified.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/tests/order/classified.tsv",
          "build/tests/order/usable.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/header.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/range.tsv"
        ],
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "tests/fixtures/empty-group.tsv"
        ]
      ],
      "exit": 0,
      "operations": [
        {
          "actual": "build/results/summary.tsv",
          "api": "Python bytes equality",
          "expected": "tests/expected-summary.tsv"
        }
      ],
      "outputs": {
        "build/checks.json": "6040c4a3d3399ec61f19dc178bb556ae389de5ebf218ce2fa587c39262f8b4b5"
      }
    },
    "classify": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/classify.awk",
          "build/results/validated.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/classified.tsv": "815dcd21afe440ffec0c0071d57ff8d7038df461f4e0361768ad5945941e10b5"
      }
    },
    "plot": {
      "commands": [
        [
          "gnuplot",
          "-e",
          "SUMMARY='build/results/summary.tsv';SVG='build/results/figure.svg';PDF='build/results/figure.pdf';GROUPS=2",
          "build/programs/plot.gp"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/figure.pdf": "9ee35edd715b01eb6550638066696108476569f33e66e4ebae9ce8f4015344f4",
        "build/results/figure.svg": "d28c9993b84275b461a6c908f9fe7e533ab8d91d632de32bcf2c790a993d8f9e"
      }
    },
    "select": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/select.awk",
          "build/results/classified.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/usable.tsv": "1907b0930662e56e102dec184df34a16a9c28663170a8d1ac4f2300abc8d0097"
      }
    },
    "summarize": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/summarize.awk",
          "build/results/classified.tsv",
          "build/results/usable.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201"
      }
    },
    "validate": {
      "commands": [
        [
          "awk",
          "-f",
          "build/programs/validate.awk",
          "data/measurements.tsv"
        ]
      ],
      "exit": 0,
      "operations": [],
      "outputs": {
        "build/results/validated.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c"
      }
    }
  },
  "git": {
    "commit": "c1ccc8f2af94130907df580638cbe4660bed836b",
    "dirty": true
  },
  "inputs": {
    "data/measurements.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c",
    "tests/cases.json": "e5ed5984ffb2989512b8c97c1893be63ca830b70f5e48ed4ce9fc6dab9ac06c7",
    "tests/expected-summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201",
    "tests/fixtures/duplicate.tsv": "853e155287c7b79f58e9a14aab84886aaa87e11b772799dd7b942a6b5e9be9f4",
    "tests/fixtures/empty-group.tsv": "7c69e00c56be7309f67d3bb05aa776fbc6aa23c400a25ab1b17334d0b9be3b27",
    "tests/fixtures/empty.tsv": "e3b0c44298fc1c149afbf4c8996fb92427ae41e4649b934ca495991b7852b855",
    "tests/fixtures/fields.tsv": "03af4a359e48f2180e1a91ebf0b36c220ed377a99b1c4a3efa7e615f0377c1de",
    "tests/fixtures/header-only.tsv": "dd3ad93555ab3ba55d5f214aa034964f34c98bac9c7765a0cce126db831b2b42",
    "tests/fixtures/header.tsv": "e1c03362e7e8ee88113ae9777195c769de23ab95eac0e4426eb29ac66b4f190f",
    "tests/fixtures/invalid-number.tsv": "6fdf56d8a4215447654eb1e3900eb51398307255b070b0190e5ecf73142b328f",
    "tests/fixtures/missing.tsv": "fa73a0b59c3e1c668f08be64e9552416e9571ce6c68774587d1c2caa79726475",
    "tests/fixtures/number.tsv": "89798c429ff37a02892cf346b094d6c3168aca26c2bec3d3e8cd1b50d9fee30a",
    "tests/fixtures/order.tsv": "39dc9280d34e79f06d5f34064c15fc071cc1a10f4c3144ba87c8e639d5e7041a",
    "tests/fixtures/priority.tsv": "a5beaa96b92b04d68a25fee25b8f0a71ee026890892ebc7fe720000762dd5891",
    "tests/fixtures/range.tsv": "98c0246058815d503447ac4cce9de41f1df7952610c6c871c588df9b916fdd7a",
    "tests/fixtures/rejected.tsv": "3daa2914bab22bf2458dbe6ae9cd5f5d8a8354e4ad8033e679829deb3205f05f",
    "tests/fixtures/scientific.tsv": "0daa04588dd67a116a5b4320c8a8cc0b3cb1992d4d480ff9f6fb514192a025fb",
    "tests/fixtures/status.tsv": "6d99fcc4a4ac3f50f3a97639eec61713b6d925b8133408522637f3aa353db993",
    "tests/fixtures/zero.tsv": "6bd3476aef942501a0f61a1099efdec4fe35a7296e4145cf00aaaa6de05535de"
  },
  "invocation": {
    "bootstrap": [
      "python3",
      "build.py",
      "all",
      "--jobs",
      "4",
      "--awk",
      "awk"
    ],
    "cwd": ".",
    "make": [
      "gmake",
      "--silent",
      "--no-print-directory",
      "-rR",
      "-j",
      "4",
      "-f",
      "build/workflow.mk",
      "all",
      "PYTHON=python3",
      "AWK=awk"
    ]
  },
  "parameters": {
    "empty_input": "zero bytes: error 2; header only: no groups",
    "exclusion_priority": [
      "invalid",
      "NA"
    ],
    "locale": "C",
    "mean_format": "two decimal places; NA when n_used=0",
    "missing": "NA",
    "number_format": "finite decimal/scientific; abs(value)<=1000000",
    "output_order": "ASCII group ascending",
    "status": [
      "valid",
      "invalid"
    ],
    "units": "a.u."
  },
  "programs": {
    "build/programs/classify.awk": "044b31022ef7a9618c1b3bb5ab700f2709228f50353ad179eb77ac14349d5cbd",
    "build/programs/contract.json": "2e2e6d8865c6f66598265e70fe4fc74cfbe277fe25feac7beb22fba8bd6776fa",
    "build/programs/plot.gp": "8de4390e0aec373991fcce61399742b6ae67c28d8295039d56d0aacebbce96ca",
    "build/programs/report-template.org": "b72e02c9151d188ea38c0d98eaf3ab7237b7c7d7e1b8e891a707a5a9aeaa406e",
    "build/programs/report.css": "8e9673b92ac5bc672356a9b1d02646bb23ada88642eb80c9e46bfdeedb302759",
    "build/programs/select.awk": "9fca97a1125a21316bf88a386ff4b525d44182d0d6100bfca1428d60c5ba1253",
    "build/programs/summarize.awk": "5918f57c4642e7ed9aca5bc571c4c83049536ff263885e22f135a33a07616050",
    "build/programs/validate.awk": "6d572270ab039a1cc02fc5fdf969386ba2cbea4d22dcbf4a75a288ab0b66ea48",
    "build/tools/pipeline.py": "78554a76ea510156134986a66498de560150743df416249b3a05a9d6eafe95b7",
    "build/workflow.mk": "e37cb59ff98bfaf1449641e57ebb72d5c040d86b8b7a8d27bd014ecee0601d55"
  },
  "question": "Group mean of usable fictional measurements",
  "results": {
    "build/checks.json": "6040c4a3d3399ec61f19dc178bb556ae389de5ebf218ce2fa587c39262f8b4b5",
    "build/results/classified.tsv": "815dcd21afe440ffec0c0071d57ff8d7038df461f4e0361768ad5945941e10b5",
    "build/results/figure.pdf": "9ee35edd715b01eb6550638066696108476569f33e66e4ebae9ce8f4015344f4",
    "build/results/figure.svg": "d28c9993b84275b461a6c908f9fe7e533ab8d91d632de32bcf2c790a993d8f9e",
    "build/results/summary.tsv": "d5e735386050c8e943ad0cad20884440242df32732e2f228fa510a647db62201",
    "build/results/usable.tsv": "1907b0930662e56e102dec184df34a16a9c28663170a8d1ac4f2300abc8d0097",
    "build/results/validated.tsv": "20bc1f66027d68f3bfb6c14c9fc9056645df8b347970c28b45c1ce1a75603e3c"
  },
  "schema": 1,
  "scope": "Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.",
  "sources": {
    "bootstrap.el": "92870a87d31ef7b562e18e5e257788901f234c4bb6dee99a5033d23ccf7e597e",
    "build.py": "198e10e3c882af5810bf946d08b453ec0e47872a7e450249f44e7f6f7a3d81c2",
    "research.org": "27708922eeaf5c45db13bc359857057ecd389380c35b657bb6225e2f3f4f7aa9"
  },
  "tangle": [
    "emacs",
    "--batch",
    "-Q",
    "--script",
    "bootstrap.el",
    "tangle",
    "research.org"
  ],
  "versions": {
    "PyMuPDF": "1.28.2",
    "awk": "awk version 20200816",
    "awk_binary_sha256": "310e75b917c4d346cecb6ffab9ca88507870242347a6cf0110eef4aa73b6f809",
    "emacs": "31.1 / Org 9.8.7",
    "gnuplot": "gnuplot 6.0 patchlevel 6",
    "make": "GNU Make 4.4.1",
    "python": "3.14.10",
    "weasyprint": "70.0"
  }
}








build/site/research.org

#+TITLE: A literate fictional measurement study
#+SUBTITLE: Explain the program. Rebuild the result.
#+LANGUAGE: en
#+PROPERTY: header-args :tangle no :eval never :comments no :padline no
#+OPTIONS: toc:2 num:nil

* Question and executable overview
We estimate mean usable value by group in arbitrary units. These data are
fictional teaching data. A zero remains an observation; NA is missing.
Invalid status takes precedence over missingness, so exclusion categories do
not overlap. The raw TSV is an independent input, not tangled from this file.

ROOT the tools. SHAPE the workflow.
ROOT means Robust, Open, Ongoing, Time-tested. SHAPE means Structure stages,
Harmonize handovers, Automate actions, Propagate provenance, Evaluate explicitly.
These are design perspectives across the dependency graph, not five execution
steps. The graph is raw -> validated -> classified -> usable -> summary ->
checked figure -> provenance -> report.

The following blocks specify machine composition. Read the explanatory sections
in the order useful for understanding the question. Every helper fragment uses
:tangle no; only these masters produce files. :noweb tangle substitutes text
when tangling, leaving references visible while reading/exporting this source.
No evaluated noweb call syntax is used.

#+name: validate-program
#+begin_src awk :tangle programs/validate.awk :mkdirp yes :noweb tangle
<<validation-setup>>
<<validate-input>>
#+end_src

#+name: classify-program
#+begin_src awk :tangle programs/classify.awk :mkdirp yes :noweb tangle
<<classify-measurements>>
#+end_src

#+name: selection-program
#+begin_src awk :tangle programs/select.awk :mkdirp yes :noweb tangle
<<select-usable-measurements>>
#+end_src

#+name: summary-program
#+begin_src awk :tangle programs/summarize.awk :mkdirp yes :noweb tangle
<<summarize-by-group>>
<<ordered-groups>>
#+end_src

#+name: figure-program
#+begin_src gnuplot :tangle programs/plot.gp :mkdirp yes :noweb tangle
<<plot-results>>
#+end_src

#+name: contract-program
#+begin_src json :tangle programs/contract.json :mkdirp yes :noweb tangle
<<analysis-contract>>
#+end_src

#+name: report-program
#+begin_src org :tangle programs/report-template.org :mkdirp yes :noweb tangle
<<report-template>>
#+end_src

#+name: style-program
#+begin_src css :tangle programs/report.css :mkdirp yes :noweb tangle
<<report-style>>
#+end_src

#+name: make-program
#+begin_src makefile :tangle workflow.mk :mkdirp yes :noweb tangle
<<workflow>>
#+end_src

#+name: pipeline-program
#+begin_src python :tangle tools/pipeline.py :mkdirp yes :noweb tangle
<<pipeline-utilities>>
<<execute-stages>>
<<evaluate-explicitly>>
<<render-native-figure>>
<<propagate-provenance>>
<<weave-explanation>>
<<verify-handover>>
<<pipeline-entry>>
#+end_src

* Count every exclusion
Discuss the output contract first, although this fragment executes in END after all rows have been consumed. n_total must equal the three disjoint categories. A group with no usable values prints NA, not 0.

#+name: summary-header
#+begin_src awk :tangle no :noweb tangle
print "group","n_total","n_used","n_missing","n_rejected","mean"
#+end_src

#+name: report-exclusions
#+begin_src awk :tangle no :noweb tangle
if (total[g]!=used[g]+missing[g]+rejected[g]) {
 print "handover error: count conservation failed for " g > "/dev/stderr"; exit 3
}
printf "%s\t%d\t%d\t%d\t%d\t%s\n",g,total[g],used[g],missing[g],rejected[g],(used[g] ? sprintf("%.2f",sum[g]/used[g]) : "NA")
#+end_src

* Select usable measurements
Classify only validated rows. Invalid wins before NA; the separate usable handover has three columns and preserves an actual zero.

#+name: classify-measurements
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value","category"; next }
{
 category=($4=="invalid" ? "rejected" : ($3=="NA" ? "missing" : "used"))
 print $1,$2,$3,category
}
#+end_src

#+name: select-usable-measurements
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value"; next }
$4=="used" { print $1,$2,$3 }
#+end_src

* Summarize scientific groups
The first input supplies the census and exclusion counts; the second supplies only usable measurements. Sorting group names explicitly avoids AWK array iteration order. Formatting happens only at the output boundary.

#+name: summarize-by-group
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
FILENAME==ARGV[1] {
 if (FNR==1) next
 g=$2
 if (!(g in total)) groups[++ng]=g
 total[g]++
 if ($4=="missing") missing[g]++
 if ($4=="rejected") rejected[g]++
 next
}
FILENAME==ARGV[2] {
 if (FNR==1) next
 g=$2
 used[g]++; sum[g]+=$3
}
#+end_src

#+name: ordered-groups
#+begin_src awk :tangle no :noweb tangle
END {
 <<summary-header>>
 for (i=1;i<=ng;i++) for (j=i+1;j<=ng;j++) if (groups[j]<groups[i]) { t=groups[i];groups[i]=groups[j];groups[j]=t }
 for (i=1;i<=ng;i++) {
  g=groups[i]
  <<report-exclusions>>
 }
}
#+end_src

* Validate before publishing
Validation appears later in the explanation, but executes before classification. Fields are true TSV, IDs are unique, groups are uppercase ASCII identifiers and values are finite decimals/scientific notation or NA. Absolute values above 1000000 a.u. are outside this teaching contract. Empty bytes are an error; a header-only input is valid and contains no groups.

#+name: validation-setup
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t"; number="^[+-]?([0-9]+([.][0-9]*)?|[.][0-9]+)([eE][+-]?[0-9]+)?$" }
function fail(message) { print "input error: " message > "/dev/stderr"; failed=1; exit 2 }
#+end_src

#+name: validate-input
#+begin_src awk :tangle no :noweb tangle
NR==1 {
 if ($0!="sample_id\tgroup\tvalue\tstatus") fail("line 1: expected sample_id, group, value, status TSV header")
 print; next
}
{
 if (NF!=4) fail("line " NR ": expected 4 tab-separated fields, got " NF)
 if ($1 !~ /^[A-Za-z][A-Za-z0-9_-]*$/) fail("line " NR ": invalid sample_id")
 if (seen[$1]++) fail("line " NR ": duplicate sample_id " $1)
 if ($2 !~ /^[A-Z][A-Z0-9_]*$/) fail("line " NR ": group must be an uppercase ASCII identifier")
 if ($4!="valid" && $4!="invalid") fail("line " NR ": unexpected status " $4)
 if ($3!="NA" && $3 !~ number) fail("line " NR ": value must be a finite decimal number or NA")
 if ($3!="NA" && (($3+0)>1000000 || ($3+0)<-1000000)) fail("line " NR ": absolute value exceeds 1000000 a.u.")
 print
}
END { if (!failed && NR==0) fail("empty input: expected TSV header") }
#+end_src

#+name: analysis-contract
#+begin_src json :tangle no :noweb tangle
{
  "units": "a.u.",
  "missing": "NA",
  "status": [
    "valid",
    "invalid"
  ],
  "exclusion_priority": [
    "invalid",
    "NA"
  ],
  "locale": "C",
  "output_order": "ASCII group ascending",
  "number_format": "finite decimal/scientific; abs(value)<=1000000",
  "mean_format": "two decimal places; NA when n_used=0",
  "empty_input": "zero bytes: error 2; header only: no groups"
}
#+end_src

* Plot the result
gnuplot reads header names, not a duplicated numeric column convention. Missing means do not get a zero bar. Labels disclose n_used and mark n=0; mean=NA. The all-empty case gets a visible message.

#+name: plot-results
#+begin_src gnuplot :tangle no :noweb tangle
set datafile separator "\t"
set datafile missing "NA"
set terminal svg size 740,380 font "DejaVu Sans,12" enhanced
set output SVG
set title "Group means — fictional teaching data"
set xlabel "Measurement group"
set ylabel "Mean (a.u.)"
set boxwidth 0.55
set style fill solid 0.8 border rgb "#00549f"
set grid ytics lc rgb "#d8e3ec"
set key off
if (GROUPS>0) {
 stats SUMMARY using (column("n_used")>0 ? column("mean") : 0) nooutput
 low=(STATS_min<0 ? STATS_min*1.25 : 0)
 high=(STATS_max>0 ? STATS_max*1.3 : 1)
 if (low==high) { low=low-1; high=high+1 }
 set yrange [low:high]
 set xrange [-0.6:GROUPS-0.4]
 plot SUMMARY using 0:(column("mean")):xticlabels(1) with boxes lc rgb "#00549f", \
      SUMMARY using 0:(column("n_used")>0 ? column("mean") : 0):(column("n_used")>0 ? sprintf("n=%d",column("n_used")) : "n=0; mean=NA") with labels offset 0,1.1 tc rgb "#087f88"
} else {
 set xrange [0:1]; set yrange [0:1]; unset xtics; unset ytics
 set label "No groups: header-only input" at graph 0.5,0.5 center
 plot NaN
}
set terminal pdfcairo size 16cm,8.5cm font "DejaVu Sans,11"
set output PDF
replot
unset output
#+end_src

* Connect stages with Make
GNU Make 4.3+ grouped targets give each SVG/PDF and HTML/PDF output pair one writer under -j. Checks precede figure and report. The bootstrap tangles this Makefile first; it is never a prerequisite of its own initial generation.

#+name: workflow
#+begin_src makefile :tangle no :noweb tangle
.DEFAULT_GOAL := all
.RECIPEPREFIX := >
.DELETE_ON_ERROR:
.SUFFIXES:
PYTHON ?= python3
AWK ?= awk
RUN = $(PYTHON) build/tools/pipeline.py
.PHONY: all results check figure provenance report
all: report
results: build/results/summary.tsv
check: build/checks.json
figure: build/results/figure.svg build/results/figure.pdf
provenance: build/provenance.json
report: build/site/index.html build/site/report.pdf
build/results/validated.tsv: data/measurements.tsv build/raw.sha256 build/environment.json build/programs/validate.awk build/tools/pipeline.py
>@$(RUN) stage validate $(AWK)
build/results/classified.tsv: build/results/validated.tsv build/programs/classify.awk build/tools/pipeline.py
>@$(RUN) stage classify $(AWK)
build/results/usable.tsv: build/results/classified.tsv build/programs/select.awk build/tools/pipeline.py
>@$(RUN) stage select $(AWK)
build/results/summary.tsv: build/results/classified.tsv build/results/usable.tsv build/programs/summarize.awk build/tools/pipeline.py
>@$(RUN) stage summarize $(AWK)
build/checks.json: build/results/summary.tsv tests/expected-summary.tsv tests/cases.json $(wildcard tests/fixtures/*.tsv) $(wildcard build/programs/*.awk) build/tools/pipeline.py
>@$(RUN) check $(AWK)
build/results/figure.svg build/results/figure.pdf &: build/results/summary.tsv build/checks.json build/programs/plot.gp build/tools/pipeline.py
>@$(RUN) plot
build/provenance.json: build/results/figure.svg build/results/figure.pdf build/checks.json build/source.json build/environment.json build/invocation.json build/tangle.json $(wildcard build/programs/*) build/workflow.mk build/tools/pipeline.py
>@$(RUN) provenance
build/site/index.html build/site/report.pdf &: build/provenance.json build/programs/report-template.org build/programs/report.css build/tools/pipeline.py bootstrap.el
>@$(RUN) report
#+end_src

* Keep the handovers traceable
Python is glue for existing native tools, testing, hashing and the same WeasyPrint/PyMuPDF renderer used by the tour publisher. It does not replace AWK statistics or draw the figure. Receipts record relative invocations and successful outputs.

#+name: pipeline-utilities
#+begin_src python :tangle no :noweb tangle
import csv,hashlib,html,json,os,re,shutil,subprocess,sys,tempfile
from urllib.parse import unquote,urlsplit
from pathlib import Path
ROOT=Path.cwd()
KEYS=['group','n_total','n_used','n_missing','n_rejected','mean']
def sha(path):return hashlib.sha256(Path(path).read_bytes()).hexdigest()
def read(path):
 with open(path,newline='') as f:return list(csv.DictReader(f,delimiter='\t'))
def write(path,data):
 path=Path(path);path.parent.mkdir(parents=True,exist_ok=True)
 data=data.encode() if isinstance(data,str) else data
 tmp=path.with_name(path.name+'.tmp');tmp.write_bytes(data);os.replace(tmp,path)
def js(path,value):write(path,json.dumps(value,sort_keys=True,indent=2)+'\n')
def event(name):
 with open('build/events.log','a') as f:f.write(name+'\n')
def run(argv,expected=0):
 p=subprocess.run(argv,capture_output=True,text=True)
 if p.returncode!=expected:raise RuntimeError(p.stderr.strip() or 'command failed: '+' '.join(argv))
 return p
def receipt(name,commands,outputs,operations=None):
 js('build/receipts/'+name+'.json',{'commands':commands,'operations':operations or [],'exit':0,'outputs':{p:sha(p) for p in outputs}})
 event(name)
def awk_pipeline(raw,directory,awk,commands=None):
 paths=[]
 for step,program in [('validated','validate'),('classified','classify'),('usable','select'),('summary','summarize')]:
  inputs=[str(raw)] if not paths else [str(paths[0])] if program=='classify' else [str(paths[1])] if program=='select' else [str(paths[1]),str(paths[2])]
  argv=[awk,'-f','build/programs/'+program+'.awk',*inputs]
  if commands is not None:commands.append(argv)
  p=subprocess.run(argv,capture_output=True,text=True)
  if p.returncode:return p,paths
  target=Path(directory)/(step+'.tsv');target.write_text(p.stdout);paths.append(target)
 return p,paths
#+end_src

#+name: execute-stages
#+begin_src python :tangle no :noweb tangle
def stage(name,awk):
 plans={'validate':('validate',['data/measurements.tsv'],'validated'),
        'classify':('classify',['build/results/validated.tsv'],'classified'),
        'select':('select',['build/results/classified.tsv'],'usable'),
        'summarize':('summarize',['build/results/classified.tsv','build/results/usable.tsv'],'summary')}
 program,inputs,output=plans[name];argv=[awk,'-f','build/programs/'+program+'.awk',*inputs]
 p=run(argv);target='build/results/'+output+'.tsv';write(target,p.stdout)
 receipt(name,[argv],[target])
#+end_src

#+name: evaluate-explicitly
#+begin_src python :tangle no :noweb tangle
def check(awk):
 expected=Path('tests/expected-summary.tsv').read_bytes()
 if Path('build/results/summary.tsv').read_bytes()!=expected:raise RuntimeError('reference summary differs from authored tests/expected-summary.tsv')
 cases=json.loads(Path('tests/cases.json').read_text());outcomes=[];commands=[]
 for case in cases:
  if not re.fullmatch('[a-z0-9-]+',case['name']):raise RuntimeError('invalid test case name')
  directory=Path('build/tests')/case['name'];directory.mkdir(parents=True,exist_ok=True)
  p,paths=awk_pipeline(case['file'],directory,awk,commands)
  if p.returncode!=case['exit']:raise RuntimeError(case['name']+': wrong error status')
  if case['error'] and p.stderr.strip()!='input error: '+case['error']:raise RuntimeError(case['name']+': wrong diagnostic')
  if not case['exit']:
   actual=[{k:r[k] for k in KEYS} for r in read(paths[-1])]
   if actual!=case['rows']:raise RuntimeError(case['name']+': incorrect scientific result')
   for row in actual:
    if int(row['n_total'])!=sum(int(row[k]) for k in ('n_used','n_missing','n_rejected')):raise RuntimeError('count conservation failed')
  outcomes.append({'case':case['name'],'status':p.returncode,'passed':True})
 js('build/checks.json',{'reference':'passed','cases':outcomes,'count_conservation':'passed','scope':'native AWK reference and specified edge cases; no cross-platform byte claim'})
 receipt('check',commands,['build/checks.json'],[{'api':'Python bytes equality','expected':'tests/expected-summary.tsv','actual':'build/results/summary.tsv'}])
#+end_src

#+name: render-native-figure
#+begin_src python :tangle no :noweb tangle
def plot():
 groups=len(read('build/results/summary.tsv'))
 arguments="SUMMARY='build/results/summary.tsv';SVG='build/results/figure.svg';PDF='build/results/figure.pdf';GROUPS="+str(groups)
 argv=['gnuplot','-e',arguments,'build/programs/plot.gp'];run(argv)
 if not Path('build/results/figure.svg').is_file() or not Path('build/results/figure.pdf').is_file():raise RuntimeError('native figure missing')
 receipt('plot',[argv],['build/results/figure.svg','build/results/figure.pdf'])
#+end_src

#+name: propagate-provenance
#+begin_src python :tangle no :noweb tangle
def provenance():
 tangle=json.loads(Path('build/tangle.json').read_text());source=json.loads(Path('build/source.json').read_text())
 inputs=['data/measurements.tsv','tests/expected-summary.tsv','tests/cases.json']+sorted(str(p) for p in Path('tests/fixtures').glob('*.tsv'))
 programs=['build/'+p for p in sorted(tangle['files'])]
 results=sorted(str(p) for p in Path('build/results').glob('*'))+['build/checks.json']
 receipts={p.stem:json.loads(p.read_text()) for p in sorted(Path('build/receipts').glob('*.json')) if p.stem in {'validate','classify','select','summarize','check','plot'}}
 record={'schema':1,'question':'Group mean of usable fictional measurements','parameters':json.loads(Path('build/programs/contract.json').read_text()),
  'inputs':{p:sha(p) for p in inputs},'sources':{p:sha(p) for p in ['research.org','build.py','bootstrap.el']},
  'programs':{p:sha(p) for p in programs},'results':{p:sha(p) for p in results},
  'versions':json.loads(Path('build/environment.json').read_text()),'git':source['git'],
  'execution':receipts,'tangle':tangle['command'],'invocation':json.loads(Path('build/invocation.json').read_text()),
  'scope':'Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.'}
 js('build/provenance.json',record);receipt('provenance',[],['build/provenance.json'])
#+end_src

* Weave a working report
The report template is tangled, then a working report.org under build/site receives the real table. Native Org HTML export has Babel evaluation disabled. WeasyPrint produces its PDF. The maintained source is never updated with results. Manifest precedes report; downstream reports and the manifest itself are excluded from its hash sets.

#+name: report-template
#+begin_src org :tangle no :noweb tangle
,#+TITLE: Fictional measurement study
,#+SUBTITLE: Explain the program. Rebuild the result.
,#+LANGUAGE: en
,#+OPTIONS: toc:nil num:nil author:nil date:nil creator:nil html-postamble:nil ^:nil
,#+HTML_HEAD: <link rel="stylesheet" href="report.css">

,* Question and decision
What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.

,* Results
{{TABLE}}

,#+ATTR_HTML: :alt Group means from fictional data with used sample counts :width 740
[[file:results/figure.svg]]

The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.

,* Evidence and handover
:PROPERTIES:
:CUSTOM_ID: evidence
:END:
ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: {{CHECKS}}. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is {{REVISION}}; its recorded dirty status is {{DIRTY}}.

- [[file:research.org][Read the complete literate source]]
- [[file:data/measurements.tsv][Read the original TSV input]]
- [[file:results/summary.tsv][Download the summary TSV]]
- [[file:provenance.json][Inspect the machine-readable provenance]]
- [[file:programs/validate.awk][Reuse input validation]]
- [[file:programs/summarize.awk][Reuse the group statistic program]]

The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.
#+end_src

#+name: report-style
#+begin_src css :tangle no :noweb tangle
:root{--publisher-blue:#00549f;--publisher-teal:#087f88;--publisher-ink:#173147;--publisher-line:#d8e3ec}
body{font:15px/1.5 "DejaVu Sans",sans-serif;color:var(--publisher-ink);max-width:980px;margin:35px auto;padding:0 20px}
h1,h2{color:var(--publisher-blue)}a{color:var(--publisher-teal)}table{border-collapse:collapse;width:100%}td,th{border-bottom:1px solid var(--publisher-line);padding:6px 10px;text-align:right}td:first-child,th:first-child{text-align:left}img{max-width:100%;height:auto}
@page{size:A4;margin:16mm;@bottom-right{content:counter(page);font:9pt sans-serif}}
@media print{#outline-container-evidence{break-before:page}body{font-size:10pt;margin:0;padding:0}h1{font-size:23pt}h2{font-size:15pt;margin:4mm 0 2mm}p{margin:2mm 0}table{font-size:9pt}img{max-height:78mm}a{overflow-wrap:anywhere}.figure{margin:3mm 0}#postamble{display:none}}
#+end_src

#+name: weave-explanation
#+begin_src python :tangle no :noweb tangle
def report():
 import pymupdf
 from weasyprint import HTML
 site=Path('build/site');site.mkdir(exist_ok=True)
 for source in ['research.org','data/measurements.tsv','build/provenance.json','build/programs/report.css']:
  target=site/('report.css' if source.endswith('.css') else source.removeprefix('build/'))
  target.parent.mkdir(parents=True,exist_ok=True);shutil.copy2(source,target)
 for folder in ['results','programs']:
  shutil.copytree(Path('build')/folder,site/folder,dirs_exist_ok=True)
 rows=list(csv.reader(open('build/results/summary.tsv'),delimiter='\t'))
 table='\n'.join('| '+' | '.join(row)+' |' for row in rows[:1])+'\n|'+ '+'.join('-'*max(3,len(v)) for v in rows[0])+'|\n'+'\n'.join('| '+' | '.join(row)+' |' for row in rows[1:])
 checks=json.loads(Path('build/checks.json').read_text());proof=json.loads(Path('build/provenance.json').read_text())
 text=Path('build/programs/report-template.org').read_text().replace('{{TABLE}}',table).replace('{{CHECKS}}',str(1+len(checks['cases']))+' native checks').replace('{{REVISION}}',proof['git']['commit'] or 'not in Git').replace('{{DIRTY}}',str(proof['git']['dirty']))
 write(site/'report.org',text)
 argv=['emacs','--batch','-Q','--script','bootstrap.el','weave','build/site/report.org','build/site/index.html'];run(argv)
 HTML(filename=str(site/'index.html')).write_pdf(site/'report.pdf')
 with pymupdf.open(site/'report.pdf') as pdf:
  for file in ['research.org','data/measurements.tsv','provenance.json']:pdf.embfile_add(file,(site/file).read_bytes(),filename=file)
  for page in pdf:
   for link in page.get_links():
    filename=link.get('file','') or (urlsplit(link.get('uri','')).path if link.get('uri','').startswith('file:') else '')
    filename=unquote(filename)
    if filename and Path(filename).is_absolute() and Path(filename).is_relative_to(site.resolve()):page.update_link({'kind':pymupdf.LINK_LAUNCH,'xref':link['xref'],'from':link['from'],'file':str(Path(filename).relative_to(site.resolve()))})
  pdf.save(site/'attached.pdf',garbage=4,deflate=True)
 (site/'attached.pdf').replace(site/'report.pdf')
 receipt('report',[argv],['build/site/index.html','build/site/report.pdf'],[{'api':'weasyprint.HTML.write_pdf','input':'build/site/index.html','output':'build/site/report.pdf'}])
#+end_src

#+name: verify-handover
#+begin_src python :tangle no :noweb tangle
def verify():
 record=json.loads(Path('build/provenance.json').read_text())
 for role in ['inputs','sources','programs','results']:
  for file,expected in record[role].items():
   if not Path(file).is_file() or sha(file)!=expected:raise RuntimeError('provenance mismatch: '+file)
 if 'build/provenance.json' in record['results']:raise RuntimeError('manifest self-hash is forbidden')
 for file,expected in json.loads(Path('build/receipts/report.json').read_text())['outputs'].items():
  if sha(file)!=expected:raise RuntimeError('report receipt mismatch: '+file)
 print('verify: input, source, program, result and report hashes passed')
#+end_src

#+name: pipeline-entry
#+begin_src python :tangle no :noweb tangle
if __name__=='__main__':
 try:
  command=sys.argv[1]
  if command=='stage':stage(sys.argv[2],sys.argv[3])
  elif command=='check':check(sys.argv[2])
  elif command=='plot':plot()
  elif command=='provenance':provenance()
  elif command=='report':report()
  elif command=='verify':verify()
  else:raise RuntimeError('unknown pipeline command')
 except (OSError,RuntimeError,ValueError,KeyError) as error:raise SystemExit('study: '+str(error))
#+end_src

* Source, input and generated roles
| Role | Files | Authority |
|------+-------+-----------|
| Source | research.org | Domain programs, Make graph, report template and glue |
| Source | build.py, bootstrap.el | Small bootstrap with no domain calculation |
| Source | tests/expected-summary.tsv, tests/cases.json | Independently authored acceptance expectations |
| Input | data/measurements.tsv, tests/fixtures/*.tsv | Independent TSV observations and test inputs |
| Generated | build/programs, build/tools, build/workflow.mk | Real Org tangles; do not edit as sources |
| Generated | build/results, checks.json, provenance.json, site | Native outcomes and woven working copy |

All experimental copies are isolated. Build outputs stay below build/.
Purely narrative edits can change source provenance without changing generated
program bytes. An unchanged build leaves scientific calculations alone.







build/site/results/classified.tsv

sample_id	group	value	category
A01	A	10	used
A02	A	20	used
A03	A	NA	missing
A04	A	0	used
A05	A	100	rejected
B01	B	5	used
B02	B	15	used
B03	B	25	used
B04	B	NA	missing
B05	B	40	rejected







build/site/results/figure.pdf
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build/site/results/figure.svg
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build/site/results/summary.tsv

group	n_total	n_used	n_missing	n_rejected	mean
A	5	3	1	1	10.00
B	5	3	1	1	15.00







build/site/results/usable.tsv

sample_id	group	value
A01	A	10
A02	A	20
A04	A	0
B01	B	5
B02	B	15
B03	B	25







build/site/results/validated.tsv

sample_id	group	value	status
A01	A	10	valid
A02	A	20	valid
A03	A	NA	valid
A04	A	0	valid
A05	A	100	invalid
B01	B	5	valid
B02	B	15	valid
B03	B	25	valid
B04	B	NA	valid
B05	B	40	invalid







build/source.json

{
  "bootstrap_el_sha256": "92870a87d31ef7b562e18e5e257788901f234c4bb6dee99a5033d23ccf7e597e",
  "bootstrap_sha256": "198e10e3c882af5810bf946d08b453ec0e47872a7e450249f44e7f6f7a3d81c2",
  "git": {
    "commit": "c1ccc8f2af94130907df580638cbe4660bed836b",
    "dirty": true
  },
  "source_sha256": "27708922eeaf5c45db13bc359857057ecd389380c35b657bb6225e2f3f4f7aa9"
}







build/tangle.json

{
  "command": [
    "emacs",
    "--batch",
    "-Q",
    "--script",
    "bootstrap.el",
    "tangle",
    "research.org"
  ],
  "files": {
    "programs/classify.awk": "044b31022ef7a9618c1b3bb5ab700f2709228f50353ad179eb77ac14349d5cbd",
    "programs/contract.json": "2e2e6d8865c6f66598265e70fe4fc74cfbe277fe25feac7beb22fba8bd6776fa",
    "programs/plot.gp": "8de4390e0aec373991fcce61399742b6ae67c28d8295039d56d0aacebbce96ca",
    "programs/report-template.org": "b72e02c9151d188ea38c0d98eaf3ab7237b7c7d7e1b8e891a707a5a9aeaa406e",
    "programs/report.css": "8e9673b92ac5bc672356a9b1d02646bb23ada88642eb80c9e46bfdeedb302759",
    "programs/select.awk": "9fca97a1125a21316bf88a386ff4b525d44182d0d6100bfca1428d60c5ba1253",
    "programs/summarize.awk": "5918f57c4642e7ed9aca5bc571c4c83049536ff263885e22f135a33a07616050",
    "programs/validate.awk": "6d572270ab039a1cc02fc5fdf969386ba2cbea4d22dcbf4a75a288ab0b66ea48",
    "tools/pipeline.py": "78554a76ea510156134986a66498de560150743df416249b3a05a9d6eafe95b7",
    "workflow.mk": "e37cb59ff98bfaf1449641e57ebb72d5c040d86b8b7a8d27bd014ecee0601d55"
  },
  "signature": {
    "bootstrap": "92870a87d31ef7b562e18e5e257788901f234c4bb6dee99a5033d23ccf7e597e",
    "source": "27708922eeaf5c45db13bc359857057ecd389380c35b657bb6225e2f3f4f7aa9"
  }
}







build/tools/pipeline.py

import csv,hashlib,html,json,os,re,shutil,subprocess,sys,tempfile
from urllib.parse import unquote,urlsplit
from pathlib import Path
ROOT=Path.cwd()
KEYS=['group','n_total','n_used','n_missing','n_rejected','mean']
def sha(path):return hashlib.sha256(Path(path).read_bytes()).hexdigest()
def read(path):
 with open(path,newline='') as f:return list(csv.DictReader(f,delimiter='\t'))
def write(path,data):
 path=Path(path);path.parent.mkdir(parents=True,exist_ok=True)
 data=data.encode() if isinstance(data,str) else data
 tmp=path.with_name(path.name+'.tmp');tmp.write_bytes(data);os.replace(tmp,path)
def js(path,value):write(path,json.dumps(value,sort_keys=True,indent=2)+'\n')
def event(name):
 with open('build/events.log','a') as f:f.write(name+'\n')
def run(argv,expected=0):
 p=subprocess.run(argv,capture_output=True,text=True)
 if p.returncode!=expected:raise RuntimeError(p.stderr.strip() or 'command failed: '+' '.join(argv))
 return p
def receipt(name,commands,outputs,operations=None):
 js('build/receipts/'+name+'.json',{'commands':commands,'operations':operations or [],'exit':0,'outputs':{p:sha(p) for p in outputs}})
 event(name)
def awk_pipeline(raw,directory,awk,commands=None):
 paths=[]
 for step,program in [('validated','validate'),('classified','classify'),('usable','select'),('summary','summarize')]:
  inputs=[str(raw)] if not paths else [str(paths[0])] if program=='classify' else [str(paths[1])] if program=='select' else [str(paths[1]),str(paths[2])]
  argv=[awk,'-f','build/programs/'+program+'.awk',*inputs]
  if commands is not None:commands.append(argv)
  p=subprocess.run(argv,capture_output=True,text=True)
  if p.returncode:return p,paths
  target=Path(directory)/(step+'.tsv');target.write_text(p.stdout);paths.append(target)
 return p,paths
def stage(name,awk):
 plans={'validate':('validate',['data/measurements.tsv'],'validated'),
        'classify':('classify',['build/results/validated.tsv'],'classified'),
        'select':('select',['build/results/classified.tsv'],'usable'),
        'summarize':('summarize',['build/results/classified.tsv','build/results/usable.tsv'],'summary')}
 program,inputs,output=plans[name];argv=[awk,'-f','build/programs/'+program+'.awk',*inputs]
 p=run(argv);target='build/results/'+output+'.tsv';write(target,p.stdout)
 receipt(name,[argv],[target])
def check(awk):
 expected=Path('tests/expected-summary.tsv').read_bytes()
 if Path('build/results/summary.tsv').read_bytes()!=expected:raise RuntimeError('reference summary differs from authored tests/expected-summary.tsv')
 cases=json.loads(Path('tests/cases.json').read_text());outcomes=[];commands=[]
 for case in cases:
  if not re.fullmatch('[a-z0-9-]+',case['name']):raise RuntimeError('invalid test case name')
  directory=Path('build/tests')/case['name'];directory.mkdir(parents=True,exist_ok=True)
  p,paths=awk_pipeline(case['file'],directory,awk,commands)
  if p.returncode!=case['exit']:raise RuntimeError(case['name']+': wrong error status')
  if case['error'] and p.stderr.strip()!='input error: '+case['error']:raise RuntimeError(case['name']+': wrong diagnostic')
  if not case['exit']:
   actual=[{k:r[k] for k in KEYS} for r in read(paths[-1])]
   if actual!=case['rows']:raise RuntimeError(case['name']+': incorrect scientific result')
   for row in actual:
    if int(row['n_total'])!=sum(int(row[k]) for k in ('n_used','n_missing','n_rejected')):raise RuntimeError('count conservation failed')
  outcomes.append({'case':case['name'],'status':p.returncode,'passed':True})
 js('build/checks.json',{'reference':'passed','cases':outcomes,'count_conservation':'passed','scope':'native AWK reference and specified edge cases; no cross-platform byte claim'})
 receipt('check',commands,['build/checks.json'],[{'api':'Python bytes equality','expected':'tests/expected-summary.tsv','actual':'build/results/summary.tsv'}])
def plot():
 groups=len(read('build/results/summary.tsv'))
 arguments="SUMMARY='build/results/summary.tsv';SVG='build/results/figure.svg';PDF='build/results/figure.pdf';GROUPS="+str(groups)
 argv=['gnuplot','-e',arguments,'build/programs/plot.gp'];run(argv)
 if not Path('build/results/figure.svg').is_file() or not Path('build/results/figure.pdf').is_file():raise RuntimeError('native figure missing')
 receipt('plot',[argv],['build/results/figure.svg','build/results/figure.pdf'])
def provenance():
 tangle=json.loads(Path('build/tangle.json').read_text());source=json.loads(Path('build/source.json').read_text())
 inputs=['data/measurements.tsv','tests/expected-summary.tsv','tests/cases.json']+sorted(str(p) for p in Path('tests/fixtures').glob('*.tsv'))
 programs=['build/'+p for p in sorted(tangle['files'])]
 results=sorted(str(p) for p in Path('build/results').glob('*'))+['build/checks.json']
 receipts={p.stem:json.loads(p.read_text()) for p in sorted(Path('build/receipts').glob('*.json')) if p.stem in {'validate','classify','select','summarize','check','plot'}}
 record={'schema':1,'question':'Group mean of usable fictional measurements','parameters':json.loads(Path('build/programs/contract.json').read_text()),
  'inputs':{p:sha(p) for p in inputs},'sources':{p:sha(p) for p in ['research.org','build.py','bootstrap.el']},
  'programs':{p:sha(p) for p in programs},'results':{p:sha(p) for p in results},
  'versions':json.loads(Path('build/environment.json').read_text()),'git':source['git'],
  'execution':receipts,'tangle':tangle['command'],'invocation':json.loads(Path('build/invocation.json').read_text()),
  'scope':'Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.'}
 js('build/provenance.json',record);receipt('provenance',[],['build/provenance.json'])
def report():
 import pymupdf
 from weasyprint import HTML
 site=Path('build/site');site.mkdir(exist_ok=True)
 for source in ['research.org','data/measurements.tsv','build/provenance.json','build/programs/report.css']:
  target=site/('report.css' if source.endswith('.css') else source.removeprefix('build/'))
  target.parent.mkdir(parents=True,exist_ok=True);shutil.copy2(source,target)
 for folder in ['results','programs']:
  shutil.copytree(Path('build')/folder,site/folder,dirs_exist_ok=True)
 rows=list(csv.reader(open('build/results/summary.tsv'),delimiter='\t'))
 table='\n'.join('| '+' | '.join(row)+' |' for row in rows[:1])+'\n|'+ '+'.join('-'*max(3,len(v)) for v in rows[0])+'|\n'+'\n'.join('| '+' | '.join(row)+' |' for row in rows[1:])
 checks=json.loads(Path('build/checks.json').read_text());proof=json.loads(Path('build/provenance.json').read_text())
 text=Path('build/programs/report-template.org').read_text().replace('{{TABLE}}',table).replace('{{CHECKS}}',str(1+len(checks['cases']))+' native checks').replace('{{REVISION}}',proof['git']['commit'] or 'not in Git').replace('{{DIRTY}}',str(proof['git']['dirty']))
 write(site/'report.org',text)
 argv=['emacs','--batch','-Q','--script','bootstrap.el','weave','build/site/report.org','build/site/index.html'];run(argv)
 HTML(filename=str(site/'index.html')).write_pdf(site/'report.pdf')
 with pymupdf.open(site/'report.pdf') as pdf:
  for file in ['research.org','data/measurements.tsv','provenance.json']:pdf.embfile_add(file,(site/file).read_bytes(),filename=file)
  for page in pdf:
   for link in page.get_links():
    filename=link.get('file','') or (urlsplit(link.get('uri','')).path if link.get('uri','').startswith('file:') else '')
    filename=unquote(filename)
    if filename and Path(filename).is_absolute() and Path(filename).is_relative_to(site.resolve()):page.update_link({'kind':pymupdf.LINK_LAUNCH,'xref':link['xref'],'from':link['from'],'file':str(Path(filename).relative_to(site.resolve()))})
  pdf.save(site/'attached.pdf',garbage=4,deflate=True)
 (site/'attached.pdf').replace(site/'report.pdf')
 receipt('report',[argv],['build/site/index.html','build/site/report.pdf'],[{'api':'weasyprint.HTML.write_pdf','input':'build/site/index.html','output':'build/site/report.pdf'}])
def verify():
 record=json.loads(Path('build/provenance.json').read_text())
 for role in ['inputs','sources','programs','results']:
  for file,expected in record[role].items():
   if not Path(file).is_file() or sha(file)!=expected:raise RuntimeError('provenance mismatch: '+file)
 if 'build/provenance.json' in record['results']:raise RuntimeError('manifest self-hash is forbidden')
 for file,expected in json.loads(Path('build/receipts/report.json').read_text())['outputs'].items():
  if sha(file)!=expected:raise RuntimeError('report receipt mismatch: '+file)
 print('verify: input, source, program, result and report hashes passed')
if __name__=='__main__':
 try:
  command=sys.argv[1]
  if command=='stage':stage(sys.argv[2],sys.argv[3])
  elif command=='check':check(sys.argv[2])
  elif command=='plot':plot()
  elif command=='provenance':provenance()
  elif command=='report':report()
  elif command=='verify':verify()
  else:raise RuntimeError('unknown pipeline command')
 except (OSError,RuntimeError,ValueError,KeyError) as error:raise SystemExit('study: '+str(error))







build/workflow.mk

.DEFAULT_GOAL := all
.RECIPEPREFIX := >
.DELETE_ON_ERROR:
.SUFFIXES:
PYTHON ?= python3
AWK ?= awk
RUN = $(PYTHON) build/tools/pipeline.py
.PHONY: all results check figure provenance report
all: report
results: build/results/summary.tsv
check: build/checks.json
figure: build/results/figure.svg build/results/figure.pdf
provenance: build/provenance.json
report: build/site/index.html build/site/report.pdf
build/results/validated.tsv: data/measurements.tsv build/raw.sha256 build/environment.json build/programs/validate.awk build/tools/pipeline.py
>@$(RUN) stage validate $(AWK)
build/results/classified.tsv: build/results/validated.tsv build/programs/classify.awk build/tools/pipeline.py
>@$(RUN) stage classify $(AWK)
build/results/usable.tsv: build/results/classified.tsv build/programs/select.awk build/tools/pipeline.py
>@$(RUN) stage select $(AWK)
build/results/summary.tsv: build/results/classified.tsv build/results/usable.tsv build/programs/summarize.awk build/tools/pipeline.py
>@$(RUN) stage summarize $(AWK)
build/checks.json: build/results/summary.tsv tests/expected-summary.tsv tests/cases.json $(wildcard tests/fixtures/*.tsv) $(wildcard build/programs/*.awk) build/tools/pipeline.py
>@$(RUN) check $(AWK)
build/results/figure.svg build/results/figure.pdf &: build/results/summary.tsv build/checks.json build/programs/plot.gp build/tools/pipeline.py
>@$(RUN) plot
build/provenance.json: build/results/figure.svg build/results/figure.pdf build/checks.json build/source.json build/environment.json build/invocation.json build/tangle.json $(wildcard build/programs/*) build/workflow.mk build/tools/pipeline.py
>@$(RUN) provenance
build/site/index.html build/site/report.pdf &: build/provenance.json build/programs/report-template.org build/programs/report.css build/tools/pipeline.py bootstrap.el
>@$(RUN) report







build.py

#!/usr/bin/env python3
"""Bootstrap: tangle atomically, then call the generated GNU Make workflow."""
import argparse,fcntl,hashlib,importlib.metadata,json,os,re,shutil,subprocess,sys,tempfile
from pathlib import Path
ROOT=Path(__file__).resolve().parent
os.chdir(ROOT)
os.environ.update(LC_ALL='C',LANG='C',PYTHONUTF8='1')
def sha(path):return hashlib.sha256(Path(path).read_bytes()).hexdigest()
def write(path,data):
 path=Path(path);data=data.encode() if isinstance(data,str) else data
 path.parent.mkdir(parents=True,exist_ok=True)
 if path.exists() and path.read_bytes()==data:return False
 tmp=path.with_name(path.name+'.tmp');tmp.write_bytes(data);os.replace(tmp,path);return True
def js(path,value):return write(path,json.dumps(value,sort_keys=True,indent=2)+'\n')
def capture(argv):
 p=subprocess.run(argv,capture_output=True,text=True)
 if p.returncode:raise RuntimeError((p.stderr or p.stdout).strip())
 return p.stdout.strip()
def git():
 if not shutil.which('git'):return dict(commit=None,dirty=None)
 p=subprocess.run(['git','rev-parse','--verify','HEAD'],capture_output=True,text=True)
 if p.returncode:return dict(commit=None,dirty=None)
 return dict(commit=p.stdout.strip(),dirty=bool(capture(['git','status','--porcelain'])))
def environment(awk,plot,make):
 result={'python':sys.version.split()[0],'make':capture([make,'--version']).splitlines()[0],
         'gnuplot':capture([plot,'--version']).splitlines()[0],
         'emacs':capture(['emacs','--batch','-Q','--eval','(progn (require (quote org)) (princ (concat emacs-version " / Org " (org-version))))'])}
 p=subprocess.run([awk,'--version'],capture_output=True,text=True)
 result['awk']=(p.stdout or p.stderr).splitlines()[0]
 result['awk_binary_sha256']=sha(shutil.which(awk))
 for package in ['weasyprint','PyMuPDF']:
  result[package]=importlib.metadata.version(package)
 return result
def tangle(force=False):
 source=sha('research.org');old=Path('build/tangle.json')
 previous=json.loads(old.read_text()) if old.exists() else {}
 signature={'source':source,'bootstrap':sha('bootstrap.el')}
 if not force and previous.get('signature')==signature and all(Path('build',f).is_file() and sha(Path('build',f))==h for f,h in previous.get('files',{}).items()):return previous['files'],0
 with tempfile.TemporaryDirectory(prefix='tangle-',dir=ROOT/'build') as directory:
  stage=Path(directory);shutil.copy2('research.org',stage/'research.org');shutil.copy2('bootstrap.el',stage/'bootstrap.el')
  p=subprocess.run(['emacs','--batch','-Q','--script','bootstrap.el','tangle','research.org'],capture_output=True,text=True,cwd=stage)
  if p.returncode:raise RuntimeError('Tangling failed: '+p.stderr)
  files={str(p.relative_to(stage)):sha(p) for p in stage.rglob('*') if p.is_file() and p.name not in {'research.org','bootstrap.el'}}
  changed=sum(write(ROOT/'build'/f,(stage/f).read_bytes()) for f in files)
  for obsolete in set(previous.get('files',{}))-set(files):(ROOT/'build'/obsolete).unlink(missing_ok=True)
  js(old,{'signature':signature,'files':files,'command':['emacs','--batch','-Q','--script','bootstrap.el','tangle','research.org']})
  return files,changed
def main():
 ap=argparse.ArgumentParser(description=__doc__);ap.add_argument('target',nargs='?',default='all',choices=['all','tangle','results','check','figure','provenance','report','verify','clean']);ap.add_argument('--jobs',type=int,default=4);ap.add_argument('--awk',default='awk');a=ap.parse_args()
 Path('build').mkdir(exist_ok=True)
 with open('build/.lock','a') as lock:
  fcntl.flock(lock,fcntl.LOCK_EX)
  if a.target=='clean':
   for p in Path('build').iterdir():
    if p.name=='.lock':continue
    shutil.rmtree(p) if p.is_dir() else p.unlink()
   print('clean: generated files removed');return
  if a.target=='verify':
   p=subprocess.run([sys.executable,'build/tools/pipeline.py','verify']);raise SystemExit(p.returncode)
  make=shutil.which('gmake') or shutil.which('make')
  if not make:raise RuntimeError('GNU Make 4.3+ is required')
  version=capture([make,'--version']).splitlines()[0];match=re.search(r'GNU Make (\d+)\.(\d+)',version)
  if not match or tuple(map(int,match.groups()))<(4,3):raise RuntimeError('GNU Make 4.3+ is required for grouped output targets')
  versions=environment(a.awk,'gnuplot',make)
  files,changed=tangle()
  if a.target=='tangle':print(f'tangle: {len(files)} files; changed: {changed}');return
  js('build/environment.json',versions)
  js('build/source.json',{'source_sha256':sha('research.org'),'bootstrap_sha256':sha('build.py'),'bootstrap_el_sha256':sha('bootstrap.el'),'git':git()})
  write('build/raw.sha256',sha('data/measurements.tsv')+'\n')
  events=Path('build/events.log');before=len(events.read_text().splitlines()) if events.exists() else 0
  argv=[Path(make).name,'--silent','--no-print-directory','-rR','-j',str(a.jobs),'-f','build/workflow.mk',a.target,'PYTHON=python3','AWK='+a.awk]
  js('build/invocation.json',{'bootstrap':['python3','build.py',a.target,'--jobs',str(a.jobs),'--awk',a.awk],'make':argv,'cwd':'.'})
  env=dict(os.environ,PATH=str(Path(sys.executable).parent)+os.pathsep+os.environ['PATH'])
  p=subprocess.run(argv,capture_output=True,text=True,env=env)
  if p.returncode:
   for path in ['build/site/index.html','build/site/report.pdf','build/provenance.json']:Path(path).unlink(missing_ok=True)
   sys.stderr.write(p.stderr or p.stdout);raise SystemExit(p.returncode)
  actions=events.read_text().splitlines()[before:] if events.exists() else []
  print('build: '+a.target+'; actions: '+(','.join(actions) if actions else 'none'))
if __name__=='__main__':
 try:main()
 except (OSError,RuntimeError,importlib.metadata.PackageNotFoundError) as error:raise SystemExit('study build: '+str(error))







data/measurements.tsv

sample_id	group	value	status
A01	A	10	valid
A02	A	20	valid
A03	A	NA	valid
A04	A	0	valid
A05	A	100	invalid
B01	B	5	valid
B02	B	15	valid
B03	B	25	valid
B04	B	NA	valid
B05	B	40	invalid







requirements.txt

Pygments==2.21.0
weasyprint==70.0
PyMuPDF==1.28.2







research.org

#+TITLE: A literate fictional measurement study
#+SUBTITLE: Explain the program. Rebuild the result.
#+LANGUAGE: en
#+PROPERTY: header-args :tangle no :eval never :comments no :padline no
#+OPTIONS: toc:2 num:nil

* Question and executable overview
We estimate mean usable value by group in arbitrary units. These data are
fictional teaching data. A zero remains an observation; NA is missing.
Invalid status takes precedence over missingness, so exclusion categories do
not overlap. The raw TSV is an independent input, not tangled from this file.

ROOT the tools. SHAPE the workflow.
ROOT means Robust, Open, Ongoing, Time-tested. SHAPE means Structure stages,
Harmonize handovers, Automate actions, Propagate provenance, Evaluate explicitly.
These are design perspectives across the dependency graph, not five execution
steps. The graph is raw -> validated -> classified -> usable -> summary ->
checked figure -> provenance -> report.

The following blocks specify machine composition. Read the explanatory sections
in the order useful for understanding the question. Every helper fragment uses
:tangle no; only these masters produce files. :noweb tangle substitutes text
when tangling, leaving references visible while reading/exporting this source.
No evaluated noweb call syntax is used.

#+name: validate-program
#+begin_src awk :tangle programs/validate.awk :mkdirp yes :noweb tangle
<<validation-setup>>
<<validate-input>>
#+end_src

#+name: classify-program
#+begin_src awk :tangle programs/classify.awk :mkdirp yes :noweb tangle
<<classify-measurements>>
#+end_src

#+name: selection-program
#+begin_src awk :tangle programs/select.awk :mkdirp yes :noweb tangle
<<select-usable-measurements>>
#+end_src

#+name: summary-program
#+begin_src awk :tangle programs/summarize.awk :mkdirp yes :noweb tangle
<<summarize-by-group>>
<<ordered-groups>>
#+end_src

#+name: figure-program
#+begin_src gnuplot :tangle programs/plot.gp :mkdirp yes :noweb tangle
<<plot-results>>
#+end_src

#+name: contract-program
#+begin_src json :tangle programs/contract.json :mkdirp yes :noweb tangle
<<analysis-contract>>
#+end_src

#+name: report-program
#+begin_src org :tangle programs/report-template.org :mkdirp yes :noweb tangle
<<report-template>>
#+end_src

#+name: style-program
#+begin_src css :tangle programs/report.css :mkdirp yes :noweb tangle
<<report-style>>
#+end_src

#+name: make-program
#+begin_src makefile :tangle workflow.mk :mkdirp yes :noweb tangle
<<workflow>>
#+end_src

#+name: pipeline-program
#+begin_src python :tangle tools/pipeline.py :mkdirp yes :noweb tangle
<<pipeline-utilities>>
<<execute-stages>>
<<evaluate-explicitly>>
<<render-native-figure>>
<<propagate-provenance>>
<<weave-explanation>>
<<verify-handover>>
<<pipeline-entry>>
#+end_src

* Count every exclusion
Discuss the output contract first, although this fragment executes in END after all rows have been consumed. n_total must equal the three disjoint categories. A group with no usable values prints NA, not 0.

#+name: summary-header
#+begin_src awk :tangle no :noweb tangle
print "group","n_total","n_used","n_missing","n_rejected","mean"
#+end_src

#+name: report-exclusions
#+begin_src awk :tangle no :noweb tangle
if (total[g]!=used[g]+missing[g]+rejected[g]) {
 print "handover error: count conservation failed for " g > "/dev/stderr"; exit 3
}
printf "%s\t%d\t%d\t%d\t%d\t%s\n",g,total[g],used[g],missing[g],rejected[g],(used[g] ? sprintf("%.2f",sum[g]/used[g]) : "NA")
#+end_src

* Select usable measurements
Classify only validated rows. Invalid wins before NA; the separate usable handover has three columns and preserves an actual zero.

#+name: classify-measurements
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value","category"; next }
{
 category=($4=="invalid" ? "rejected" : ($3=="NA" ? "missing" : "used"))
 print $1,$2,$3,category
}
#+end_src

#+name: select-usable-measurements
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
NR==1 { print "sample_id","group","value"; next }
$4=="used" { print $1,$2,$3 }
#+end_src

* Summarize scientific groups
The first input supplies the census and exclusion counts; the second supplies only usable measurements. Sorting group names explicitly avoids AWK array iteration order. Formatting happens only at the output boundary.

#+name: summarize-by-group
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t" }
FILENAME==ARGV[1] {
 if (FNR==1) next
 g=$2
 if (!(g in total)) groups[++ng]=g
 total[g]++
 if ($4=="missing") missing[g]++
 if ($4=="rejected") rejected[g]++
 next
}
FILENAME==ARGV[2] {
 if (FNR==1) next
 g=$2
 used[g]++; sum[g]+=$3
}
#+end_src

#+name: ordered-groups
#+begin_src awk :tangle no :noweb tangle
END {
 <<summary-header>>
 for (i=1;i<=ng;i++) for (j=i+1;j<=ng;j++) if (groups[j]<groups[i]) { t=groups[i];groups[i]=groups[j];groups[j]=t }
 for (i=1;i<=ng;i++) {
  g=groups[i]
  <<report-exclusions>>
 }
}
#+end_src

* Validate before publishing
Validation appears later in the explanation, but executes before classification. Fields are true TSV, IDs are unique, groups are uppercase ASCII identifiers and values are finite decimals/scientific notation or NA. Absolute values above 1000000 a.u. are outside this teaching contract. Empty bytes are an error; a header-only input is valid and contains no groups.

#+name: validation-setup
#+begin_src awk :tangle no :noweb tangle
BEGIN { FS=OFS="\t"; number="^[+-]?([0-9]+([.][0-9]*)?|[.][0-9]+)([eE][+-]?[0-9]+)?$" }
function fail(message) { print "input error: " message > "/dev/stderr"; failed=1; exit 2 }
#+end_src

#+name: validate-input
#+begin_src awk :tangle no :noweb tangle
NR==1 {
 if ($0!="sample_id\tgroup\tvalue\tstatus") fail("line 1: expected sample_id, group, value, status TSV header")
 print; next
}
{
 if (NF!=4) fail("line " NR ": expected 4 tab-separated fields, got " NF)
 if ($1 !~ /^[A-Za-z][A-Za-z0-9_-]*$/) fail("line " NR ": invalid sample_id")
 if (seen[$1]++) fail("line " NR ": duplicate sample_id " $1)
 if ($2 !~ /^[A-Z][A-Z0-9_]*$/) fail("line " NR ": group must be an uppercase ASCII identifier")
 if ($4!="valid" && $4!="invalid") fail("line " NR ": unexpected status " $4)
 if ($3!="NA" && $3 !~ number) fail("line " NR ": value must be a finite decimal number or NA")
 if ($3!="NA" && (($3+0)>1000000 || ($3+0)<-1000000)) fail("line " NR ": absolute value exceeds 1000000 a.u.")
 print
}
END { if (!failed && NR==0) fail("empty input: expected TSV header") }
#+end_src

#+name: analysis-contract
#+begin_src json :tangle no :noweb tangle
{
  "units": "a.u.",
  "missing": "NA",
  "status": [
    "valid",
    "invalid"
  ],
  "exclusion_priority": [
    "invalid",
    "NA"
  ],
  "locale": "C",
  "output_order": "ASCII group ascending",
  "number_format": "finite decimal/scientific; abs(value)<=1000000",
  "mean_format": "two decimal places; NA when n_used=0",
  "empty_input": "zero bytes: error 2; header only: no groups"
}
#+end_src

* Plot the result
gnuplot reads header names, not a duplicated numeric column convention. Missing means do not get a zero bar. Labels disclose n_used and mark n=0; mean=NA. The all-empty case gets a visible message.

#+name: plot-results
#+begin_src gnuplot :tangle no :noweb tangle
set datafile separator "\t"
set datafile missing "NA"
set terminal svg size 740,380 font "DejaVu Sans,12" enhanced
set output SVG
set title "Group means — fictional teaching data"
set xlabel "Measurement group"
set ylabel "Mean (a.u.)"
set boxwidth 0.55
set style fill solid 0.8 border rgb "#00549f"
set grid ytics lc rgb "#d8e3ec"
set key off
if (GROUPS>0) {
 stats SUMMARY using (column("n_used")>0 ? column("mean") : 0) nooutput
 low=(STATS_min<0 ? STATS_min*1.25 : 0)
 high=(STATS_max>0 ? STATS_max*1.3 : 1)
 if (low==high) { low=low-1; high=high+1 }
 set yrange [low:high]
 set xrange [-0.6:GROUPS-0.4]
 plot SUMMARY using 0:(column("mean")):xticlabels(1) with boxes lc rgb "#00549f", \
      SUMMARY using 0:(column("n_used")>0 ? column("mean") : 0):(column("n_used")>0 ? sprintf("n=%d",column("n_used")) : "n=0; mean=NA") with labels offset 0,1.1 tc rgb "#087f88"
} else {
 set xrange [0:1]; set yrange [0:1]; unset xtics; unset ytics
 set label "No groups: header-only input" at graph 0.5,0.5 center
 plot NaN
}
set terminal pdfcairo size 16cm,8.5cm font "DejaVu Sans,11"
set output PDF
replot
unset output
#+end_src

* Connect stages with Make
GNU Make 4.3+ grouped targets give each SVG/PDF and HTML/PDF output pair one writer under -j. Checks precede figure and report. The bootstrap tangles this Makefile first; it is never a prerequisite of its own initial generation.

#+name: workflow
#+begin_src makefile :tangle no :noweb tangle
.DEFAULT_GOAL := all
.RECIPEPREFIX := >
.DELETE_ON_ERROR:
.SUFFIXES:
PYTHON ?= python3
AWK ?= awk
RUN = $(PYTHON) build/tools/pipeline.py
.PHONY: all results check figure provenance report
all: report
results: build/results/summary.tsv
check: build/checks.json
figure: build/results/figure.svg build/results/figure.pdf
provenance: build/provenance.json
report: build/site/index.html build/site/report.pdf
build/results/validated.tsv: data/measurements.tsv build/raw.sha256 build/environment.json build/programs/validate.awk build/tools/pipeline.py
>@$(RUN) stage validate $(AWK)
build/results/classified.tsv: build/results/validated.tsv build/programs/classify.awk build/tools/pipeline.py
>@$(RUN) stage classify $(AWK)
build/results/usable.tsv: build/results/classified.tsv build/programs/select.awk build/tools/pipeline.py
>@$(RUN) stage select $(AWK)
build/results/summary.tsv: build/results/classified.tsv build/results/usable.tsv build/programs/summarize.awk build/tools/pipeline.py
>@$(RUN) stage summarize $(AWK)
build/checks.json: build/results/summary.tsv tests/expected-summary.tsv tests/cases.json $(wildcard tests/fixtures/*.tsv) $(wildcard build/programs/*.awk) build/tools/pipeline.py
>@$(RUN) check $(AWK)
build/results/figure.svg build/results/figure.pdf &: build/results/summary.tsv build/checks.json build/programs/plot.gp build/tools/pipeline.py
>@$(RUN) plot
build/provenance.json: build/results/figure.svg build/results/figure.pdf build/checks.json build/source.json build/environment.json build/invocation.json build/tangle.json $(wildcard build/programs/*) build/workflow.mk build/tools/pipeline.py
>@$(RUN) provenance
build/site/index.html build/site/report.pdf &: build/provenance.json build/programs/report-template.org build/programs/report.css build/tools/pipeline.py bootstrap.el
>@$(RUN) report
#+end_src

* Keep the handovers traceable
Python is glue for existing native tools, testing, hashing and the same WeasyPrint/PyMuPDF renderer used by the tour publisher. It does not replace AWK statistics or draw the figure. Receipts record relative invocations and successful outputs.

#+name: pipeline-utilities
#+begin_src python :tangle no :noweb tangle
import csv,hashlib,html,json,os,re,shutil,subprocess,sys,tempfile
from urllib.parse import unquote,urlsplit
from pathlib import Path
ROOT=Path.cwd()
KEYS=['group','n_total','n_used','n_missing','n_rejected','mean']
def sha(path):return hashlib.sha256(Path(path).read_bytes()).hexdigest()
def read(path):
 with open(path,newline='') as f:return list(csv.DictReader(f,delimiter='\t'))
def write(path,data):
 path=Path(path);path.parent.mkdir(parents=True,exist_ok=True)
 data=data.encode() if isinstance(data,str) else data
 tmp=path.with_name(path.name+'.tmp');tmp.write_bytes(data);os.replace(tmp,path)
def js(path,value):write(path,json.dumps(value,sort_keys=True,indent=2)+'\n')
def event(name):
 with open('build/events.log','a') as f:f.write(name+'\n')
def run(argv,expected=0):
 p=subprocess.run(argv,capture_output=True,text=True)
 if p.returncode!=expected:raise RuntimeError(p.stderr.strip() or 'command failed: '+' '.join(argv))
 return p
def receipt(name,commands,outputs,operations=None):
 js('build/receipts/'+name+'.json',{'commands':commands,'operations':operations or [],'exit':0,'outputs':{p:sha(p) for p in outputs}})
 event(name)
def awk_pipeline(raw,directory,awk,commands=None):
 paths=[]
 for step,program in [('validated','validate'),('classified','classify'),('usable','select'),('summary','summarize')]:
  inputs=[str(raw)] if not paths else [str(paths[0])] if program=='classify' else [str(paths[1])] if program=='select' else [str(paths[1]),str(paths[2])]
  argv=[awk,'-f','build/programs/'+program+'.awk',*inputs]
  if commands is not None:commands.append(argv)
  p=subprocess.run(argv,capture_output=True,text=True)
  if p.returncode:return p,paths
  target=Path(directory)/(step+'.tsv');target.write_text(p.stdout);paths.append(target)
 return p,paths
#+end_src

#+name: execute-stages
#+begin_src python :tangle no :noweb tangle
def stage(name,awk):
 plans={'validate':('validate',['data/measurements.tsv'],'validated'),
        'classify':('classify',['build/results/validated.tsv'],'classified'),
        'select':('select',['build/results/classified.tsv'],'usable'),
        'summarize':('summarize',['build/results/classified.tsv','build/results/usable.tsv'],'summary')}
 program,inputs,output=plans[name];argv=[awk,'-f','build/programs/'+program+'.awk',*inputs]
 p=run(argv);target='build/results/'+output+'.tsv';write(target,p.stdout)
 receipt(name,[argv],[target])
#+end_src

#+name: evaluate-explicitly
#+begin_src python :tangle no :noweb tangle
def check(awk):
 expected=Path('tests/expected-summary.tsv').read_bytes()
 if Path('build/results/summary.tsv').read_bytes()!=expected:raise RuntimeError('reference summary differs from authored tests/expected-summary.tsv')
 cases=json.loads(Path('tests/cases.json').read_text());outcomes=[];commands=[]
 for case in cases:
  if not re.fullmatch('[a-z0-9-]+',case['name']):raise RuntimeError('invalid test case name')
  directory=Path('build/tests')/case['name'];directory.mkdir(parents=True,exist_ok=True)
  p,paths=awk_pipeline(case['file'],directory,awk,commands)
  if p.returncode!=case['exit']:raise RuntimeError(case['name']+': wrong error status')
  if case['error'] and p.stderr.strip()!='input error: '+case['error']:raise RuntimeError(case['name']+': wrong diagnostic')
  if not case['exit']:
   actual=[{k:r[k] for k in KEYS} for r in read(paths[-1])]
   if actual!=case['rows']:raise RuntimeError(case['name']+': incorrect scientific result')
   for row in actual:
    if int(row['n_total'])!=sum(int(row[k]) for k in ('n_used','n_missing','n_rejected')):raise RuntimeError('count conservation failed')
  outcomes.append({'case':case['name'],'status':p.returncode,'passed':True})
 js('build/checks.json',{'reference':'passed','cases':outcomes,'count_conservation':'passed','scope':'native AWK reference and specified edge cases; no cross-platform byte claim'})
 receipt('check',commands,['build/checks.json'],[{'api':'Python bytes equality','expected':'tests/expected-summary.tsv','actual':'build/results/summary.tsv'}])
#+end_src

#+name: render-native-figure
#+begin_src python :tangle no :noweb tangle
def plot():
 groups=len(read('build/results/summary.tsv'))
 arguments="SUMMARY='build/results/summary.tsv';SVG='build/results/figure.svg';PDF='build/results/figure.pdf';GROUPS="+str(groups)
 argv=['gnuplot','-e',arguments,'build/programs/plot.gp'];run(argv)
 if not Path('build/results/figure.svg').is_file() or not Path('build/results/figure.pdf').is_file():raise RuntimeError('native figure missing')
 receipt('plot',[argv],['build/results/figure.svg','build/results/figure.pdf'])
#+end_src

#+name: propagate-provenance
#+begin_src python :tangle no :noweb tangle
def provenance():
 tangle=json.loads(Path('build/tangle.json').read_text());source=json.loads(Path('build/source.json').read_text())
 inputs=['data/measurements.tsv','tests/expected-summary.tsv','tests/cases.json']+sorted(str(p) for p in Path('tests/fixtures').glob('*.tsv'))
 programs=['build/'+p for p in sorted(tangle['files'])]
 results=sorted(str(p) for p in Path('build/results').glob('*'))+['build/checks.json']
 receipts={p.stem:json.loads(p.read_text()) for p in sorted(Path('build/receipts').glob('*.json')) if p.stem in {'validate','classify','select','summarize','check','plot'}}
 record={'schema':1,'question':'Group mean of usable fictional measurements','parameters':json.loads(Path('build/programs/contract.json').read_text()),
  'inputs':{p:sha(p) for p in inputs},'sources':{p:sha(p) for p in ['research.org','build.py','bootstrap.el']},
  'programs':{p:sha(p) for p in programs},'results':{p:sha(p) for p in results},
  'versions':json.loads(Path('build/environment.json').read_text()),'git':source['git'],
  'execution':receipts,'tangle':tangle['command'],'invocation':json.loads(Path('build/invocation.json').read_text()),
  'scope':'Same scientific tables for the specified input and recorded environment. Manifest excludes itself, receipts generated after it, and the downstream reports.'}
 js('build/provenance.json',record);receipt('provenance',[],['build/provenance.json'])
#+end_src

* Weave a working report
The report template is tangled, then a working report.org under build/site receives the real table. Native Org HTML export has Babel evaluation disabled. WeasyPrint produces its PDF. The maintained source is never updated with results. Manifest precedes report; downstream reports and the manifest itself are excluded from its hash sets.

#+name: report-template
#+begin_src org :tangle no :noweb tangle
,#+TITLE: Fictional measurement study
,#+SUBTITLE: Explain the program. Rebuild the result.
,#+LANGUAGE: en
,#+OPTIONS: toc:nil num:nil author:nil date:nil creator:nil html-postamble:nil ^:nil
,#+HTML_HEAD: <link rel="stylesheet" href="report.css">

,* Question and decision
What is the mean of each group's usable measurements, in arbitrary units?
These are fictional teaching data, not observations supporting a scientific claim.
A recorded zero is usable. NA is missing. Invalid status takes precedence over
missingness. No usable observations means NA, never an invented zero mean.

,* Results
{{TABLE}}

,#+ATTR_HTML: :alt Group means from fictional data with used sample counts :width 740
[[file:results/figure.svg]]

The n labels count used measurements. A group without usable values has no bar
and is explicitly labeled n=0; mean=NA. Exclusion categories do not overlap.

,* Evidence and handover
:PROPERTIES:
:CUSTOM_ID: evidence
:END:
ROOT the tools. SHAPE the workflow.
The reference and edge cases passed: {{CHECKS}}. Data conservation is checked
for every group: n_total = n_used + n_missing + n_rejected.
The source revision is {{REVISION}}; its recorded dirty status is {{DIRTY}}.

- [[file:research.org][Read the complete literate source]]
- [[file:data/measurements.tsv][Read the original TSV input]]
- [[file:results/summary.tsv][Download the summary TSV]]
- [[file:provenance.json][Inspect the machine-readable provenance]]
- [[file:programs/validate.awk][Reuse input validation]]
- [[file:programs/summarize.awk][Reuse the group statistic program]]

The manifest hashes inputs, source, generated programs and checked scientific
results. It does not hash itself or this report: manifest precedes report.
Identical scientific tables are tested in this recorded environment. PDF bytes
can differ with fonts, tool versions and timestamps; no cross-platform byte
identity is claimed. Source, raw TSV and manifest are attached to the PDF.
#+end_src

#+name: report-style
#+begin_src css :tangle no :noweb tangle
:root{--publisher-blue:#00549f;--publisher-teal:#087f88;--publisher-ink:#173147;--publisher-line:#d8e3ec}
body{font:15px/1.5 "DejaVu Sans",sans-serif;color:var(--publisher-ink);max-width:980px;margin:35px auto;padding:0 20px}
h1,h2{color:var(--publisher-blue)}a{color:var(--publisher-teal)}table{border-collapse:collapse;width:100%}td,th{border-bottom:1px solid var(--publisher-line);padding:6px 10px;text-align:right}td:first-child,th:first-child{text-align:left}img{max-width:100%;height:auto}
@page{size:A4;margin:16mm;@bottom-right{content:counter(page);font:9pt sans-serif}}
@media print{#outline-container-evidence{break-before:page}body{font-size:10pt;margin:0;padding:0}h1{font-size:23pt}h2{font-size:15pt;margin:4mm 0 2mm}p{margin:2mm 0}table{font-size:9pt}img{max-height:78mm}a{overflow-wrap:anywhere}.figure{margin:3mm 0}#postamble{display:none}}
#+end_src

#+name: weave-explanation
#+begin_src python :tangle no :noweb tangle
def report():
 import pymupdf
 from weasyprint import HTML
 site=Path('build/site');site.mkdir(exist_ok=True)
 for source in ['research.org','data/measurements.tsv','build/provenance.json','build/programs/report.css']:
  target=site/('report.css' if source.endswith('.css') else source.removeprefix('build/'))
  target.parent.mkdir(parents=True,exist_ok=True);shutil.copy2(source,target)
 for folder in ['results','programs']:
  shutil.copytree(Path('build')/folder,site/folder,dirs_exist_ok=True)
 rows=list(csv.reader(open('build/results/summary.tsv'),delimiter='\t'))
 table='\n'.join('| '+' | '.join(row)+' |' for row in rows[:1])+'\n|'+ '+'.join('-'*max(3,len(v)) for v in rows[0])+'|\n'+'\n'.join('| '+' | '.join(row)+' |' for row in rows[1:])
 checks=json.loads(Path('build/checks.json').read_text());proof=json.loads(Path('build/provenance.json').read_text())
 text=Path('build/programs/report-template.org').read_text().replace('{{TABLE}}',table).replace('{{CHECKS}}',str(1+len(checks['cases']))+' native checks').replace('{{REVISION}}',proof['git']['commit'] or 'not in Git').replace('{{DIRTY}}',str(proof['git']['dirty']))
 write(site/'report.org',text)
 argv=['emacs','--batch','-Q','--script','bootstrap.el','weave','build/site/report.org','build/site/index.html'];run(argv)
 HTML(filename=str(site/'index.html')).write_pdf(site/'report.pdf')
 with pymupdf.open(site/'report.pdf') as pdf:
  for file in ['research.org','data/measurements.tsv','provenance.json']:pdf.embfile_add(file,(site/file).read_bytes(),filename=file)
  for page in pdf:
   for link in page.get_links():
    filename=link.get('file','') or (urlsplit(link.get('uri','')).path if link.get('uri','').startswith('file:') else '')
    filename=unquote(filename)
    if filename and Path(filename).is_absolute() and Path(filename).is_relative_to(site.resolve()):page.update_link({'kind':pymupdf.LINK_LAUNCH,'xref':link['xref'],'from':link['from'],'file':str(Path(filename).relative_to(site.resolve()))})
  pdf.save(site/'attached.pdf',garbage=4,deflate=True)
 (site/'attached.pdf').replace(site/'report.pdf')
 receipt('report',[argv],['build/site/index.html','build/site/report.pdf'],[{'api':'weasyprint.HTML.write_pdf','input':'build/site/index.html','output':'build/site/report.pdf'}])
#+end_src

#+name: verify-handover
#+begin_src python :tangle no :noweb tangle
def verify():
 record=json.loads(Path('build/provenance.json').read_text())
 for role in ['inputs','sources','programs','results']:
  for file,expected in record[role].items():
   if not Path(file).is_file() or sha(file)!=expected:raise RuntimeError('provenance mismatch: '+file)
 if 'build/provenance.json' in record['results']:raise RuntimeError('manifest self-hash is forbidden')
 for file,expected in json.loads(Path('build/receipts/report.json').read_text())['outputs'].items():
  if sha(file)!=expected:raise RuntimeError('report receipt mismatch: '+file)
 print('verify: input, source, program, result and report hashes passed')
#+end_src

#+name: pipeline-entry
#+begin_src python :tangle no :noweb tangle
if __name__=='__main__':
 try:
  command=sys.argv[1]
  if command=='stage':stage(sys.argv[2],sys.argv[3])
  elif command=='check':check(sys.argv[2])
  elif command=='plot':plot()
  elif command=='provenance':provenance()
  elif command=='report':report()
  elif command=='verify':verify()
  else:raise RuntimeError('unknown pipeline command')
 except (OSError,RuntimeError,ValueError,KeyError) as error:raise SystemExit('study: '+str(error))
#+end_src

* Source, input and generated roles
| Role | Files | Authority |
|------+-------+-----------|
| Source | research.org | Domain programs, Make graph, report template and glue |
| Source | build.py, bootstrap.el | Small bootstrap with no domain calculation |
| Source | tests/expected-summary.tsv, tests/cases.json | Independently authored acceptance expectations |
| Input | data/measurements.tsv, tests/fixtures/*.tsv | Independent TSV observations and test inputs |
| Generated | build/programs, build/tools, build/workflow.mk | Real Org tangles; do not edit as sources |
| Generated | build/results, checks.json, provenance.json, site | Native outcomes and woven working copy |

All experimental copies are isolated. Build outputs stay below build/.
Purely narrative edits can change source provenance without changing generated
program bytes. An unchanged build leaves scientific calculations alone.







tests/cases.json

[
  {
    "name": "zero",
    "file": "tests/fixtures/zero.tsv",
    "exit": 0,
    "rows": [
      {
        "group": "X",
        "n_total": "1",
        "n_used": "1",
        "n_missing": "0",
        "n_rejected": "0",
        "mean": "0.00"
      }
    ],
    "error": ""
  },
  {
    "name": "missing",
    "file": "tests/fixtures/missing.tsv",
    "exit": 0,
    "rows": [
      {
        "group": "X",
        "n_total": "1",
        "n_used": "0",
        "n_missing": "1",
        "n_rejected": "0",
        "mean": "NA"
      }
    ],
    "error": ""
  },
  {
    "name": "rejected",
    "file": "tests/fixtures/rejected.tsv",
    "exit": 0,
    "rows": [
      {
        "group": "X",
        "n_total": "1",
        "n_used": "0",
        "n_missing": "0",
        "n_rejected": "1",
        "mean": "NA"
      }
    ],
    "error": ""
  },
  {
    "name": "priority",
    "file": "tests/fixtures/priority.tsv",
    "exit": 0,
    "rows": [
      {
        "group": "X",
        "n_total": "1",
        "n_used": "0",
        "n_missing": "0",
        "n_rejected": "1",
        "mean": "NA"
      }
    ],
    "error": ""
  },
  {
    "name": "header-only",
    "file": "tests/fixtures/header-only.tsv",
    "exit": 0,
    "rows": [],
    "error": ""
  },
  {
    "name": "empty",
    "file": "tests/fixtures/empty.tsv",
    "exit": 2,
    "rows": [],
    "error": "empty input: expected TSV header"
  },
  {
    "name": "duplicate",
    "file": "tests/fixtures/duplicate.tsv",
    "exit": 2,
    "rows": [],
    "error": "line 3: duplicate sample_id X01"
  },
  {
    "name": "status",
    "file": "tests/fixtures/status.tsv",
    "exit": 2,
    "rows": [],
    "error": "line 2: unexpected status unknown"
  },
  {
    "name": "fields",
    "file": "tests/fixtures/fields.tsv",
    "exit": 2,
    "rows": [],
    "error": "line 2: expected 4 tab-separated fields, got 3"
  },
  {
    "name": "number",
    "file": "tests/fixtures/number.tsv",
    "exit": 2,
    "rows": [],
    "error": "line 2: value must be a finite decimal number or NA"
  },
  {
    "name": "invalid-number",
    "file": "tests/fixtures/invalid-number.tsv",
    "exit": 2,
    "rows": [],
    "error": "line 2: value must be a finite decimal number or NA"
  },
  {
    "name": "scientific",
    "file": "tests/fixtures/scientific.tsv",
    "exit": 0,
    "rows": [
      {
        "group": "X",
        "n_total": "1",
        "n_used": "1",
        "n_missing": "0",
        "n_rejected": "0",
        "mean": "15.00"
      }
    ],
    "error": ""
  },
  {
    "name": "order",
    "file": "tests/fixtures/order.tsv",
    "exit": 0,
    "rows": [
      {
        "group": "A",
        "n_total": "1",
        "n_used": "1",
        "n_missing": "0",
        "n_rejected": "0",
        "mean": "1.00"
      },
      {
        "group": "B",
        "n_total": "1",
        "n_used": "1",
        "n_missing": "0",
        "n_rejected": "0",
        "mean": "2.00"
      }
    ],
    "error": ""
  },
  {
    "name": "header",
    "file": "tests/fixtures/header.tsv",
    "exit": 2,
    "rows": [],
    "error": "line 1: expected sample_id, group, value, status TSV header"
  },
  {
    "name": "range",
    "file": "tests/fixtures/range.tsv",
    "exit": 2,
    "rows": [],
    "error": "line 2: absolute value exceeds 1000000 a.u."
  },
  {
    "name": "empty-group",
    "file": "tests/fixtures/empty-group.tsv",
    "exit": 2,
    "rows": [],
    "error": "line 2: group must be an uppercase ASCII identifier"
  }
]







tests/expected-summary.tsv

group	n_total	n_used	n_missing	n_rejected	mean
A	5	3	1	1	10.00
B	5	3	1	1	15.00







tests/fixtures/duplicate.tsv

sample_id	group	value	status
X01	X	1	valid
X01	X	2	valid







tests/fixtures/empty-group.tsv

sample_id	group	value	status
X01		1	valid







tests/fixtures/empty.tsv





tests/fixtures/fields.tsv

sample_id	group	value	status
X01	X	valid







tests/fixtures/header-only.tsv

sample_id	group	value	status







tests/fixtures/header.tsv

id	group	value	status







tests/fixtures/invalid-number.tsv

sample_id	group	value	status
X01	X	oops	invalid







tests/fixtures/missing.tsv

sample_id	group	value	status
X01	X	NA	valid







tests/fixtures/number.tsv

sample_id	group	value	status
X01	X	oops	valid







tests/fixtures/order.tsv

sample_id	group	value	status
B01	B	2	valid
A01	A	1	valid







tests/fixtures/priority.tsv

sample_id	group	value	status
X01	X	NA	invalid







tests/fixtures/range.tsv

sample_id	group	value	status
X01	X	1e999	valid







tests/fixtures/rejected.tsv

sample_id	group	value	status
X01	X	7	invalid







tests/fixtures/scientific.tsv

sample_id	group	value	status
X01	X	+1.5e1	valid







tests/fixtures/status.tsv

sample_id	group	value	status
X01	X	1	unknown







tests/fixtures/zero.tsv

sample_id	group	value	status
X01	X	0	valid





