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Abstract

Famulus Notebook is a document form for scholarly questions put to a research system. A 

notebook is ordinary text with executable blocks. A block states its scope and its plan in a short 

preamble and asks its question in ordinary language; running it leaves a result, the declared 

artefacts, and a verdict that compares the result with an expectation determined independently of 

the run. Notebooks live in projects; every artefact has a reference name, a version and a checksum, 

so that one block can build on another, in the same project, in another project, or on another 

machine, and a project can be brought up to date by re-running exactly what has become stale. 

This book teaches the whole cycle in the manner of a language manual: a first notebook in the 

first chapter, one extension per chapter after that, and a complete reference manual at the end. The 

reader learns to write and run blocks, to read and check their results, to name and version artefacts, 

to annotate and revise the text with a Lektor, to work with coauthors and commentators across 

machines, and to publish a notebook with its generated artefacts as HTML and PDF. Every example 

is a block of a companion project that was run for this book; its source and its result are printed 

side by side, and its reference name lets the reader open the same block in the viewer. A casebook 

of six research projects (Pirckheimer, Schöner, Kepler twice, Kármán, and an LWgrammar check 

of a damaged paper) shows the notebook at work, including the disagreements it made visible. 

Boxes marked “For famuli” state the exact grammar and the machine consequence of each rule for 

the second audience of the book: the software agents that read and write notebooks themselves. 

Appendices give the reference manual, the command line, the HTTP interface, the setup of a 

second machine, a measured baseline of the query pipeline, the collected rules for famuli, and 

solutions to all exercises.
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Preface
A question put to a research system has three parts that belong together: the question, the answer, and the 

grounds on which the answer can be accepted. In a chat window only the first two survive, and only until 

the window is closed. Famulus Notebook keeps all three in one document. The document is ordinary text 

with embedded questions; each question carries its own scope and plan and, where one is known, the answer 

expected of it. Running the document writes, beside it, what every question produced and how that product 

compares with the expectation. The document can be read like an article, run again like a program, handed 

on like a folder, and published like a paper.

This book teaches that document form from the first block to the published project. It follows the plan of 

Leslie Lamport’s manual for LaTeX [citation gap: the bibliographic entry for Lamport’s LaTeX manual is 

not yet in the bibliography and awaits the author’s confirmation]: it begins with a complete small example, 

adds one feature per chapter, shows every feature at work in an example, and ends with a reference manual 

in which each rule is stated once and completely. The reader who works through Part I can write and run a 

notebook and read its results. Part II adds what a longer piece of work needs: projects with chapters, names 

for results, versions, and refreshing what has become stale. Part III is about other people: annotating a text, 

revising it with a Lektor, and working with coauthors, commentators and other machines. Part IV turns a 

notebook into a publication and presents six research projects as a casebook. Part V explains what happens 

beneath the surface, lists the messages a reader may meet when something goes wrong, and states the design 

decisions and the limits of the system.

0.1 Two audiences
The book is written for two kinds of reader. The first is a scholar, an editor or a student who wants to put 

questions to an edited corpus, keep the answers with their grounds, and publish them. No programming is 
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assumed beyond reading a short SQL statement, and even that is optional: most questions can be asked in 

ordinary language.

The second kind of reader is a famulus, a software agent that reads and writes notebooks itself. A famulus 

needs what a human reader does without: the exact grammar of a reference, the file in which a result is kept, 

the consequence of each rule for what a machine is allowed to do. This information stands in boxes marked 

For famuli. A human reader may skip them. Appendix F collects them in one place.

0.2 Conventions
Every example in this book is a block of the companion project lehrbuch , or of one of the six case projects, 

and every example was run for this book. An example is printed as a pair: the source of the block on the left 

(or above), the result that the run produced on the right (or below). The caption gives the reference name of 

the block, the version of its result, and the verdict. The reference name is the address under which you open 

the same block in the viewer, run it again, or use it in another block; Chapter 6 explains it. A preamble key 

that an example leaves out to save space is shown as key: … ; the full text is in the project.

SOURCE

```{famulus}
---
id: first-count
display: kennzahl
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
WITH l AS (
SELECT CASE WHEN sender_id =
'ent_pirckheimer'

THEN recipient_id ELSE
sender_id END AS
partner,

TRY_CAST(left(date_when, 4) AS
INTEGER) AS year

FROM letters_resolved
)
SELECT count(DISTINCT partner) AS
n_correspondents,

count(*) AS n_letters
FROM l
WHERE year BETWEEN 1520 AND 1530

artefacts: …
---
How many correspondents did Pirckheimer have
between 1520 and 1530, and how many letters do
they share?
```

RESULT

77 n_correspondents

354 n_letters

Example P.1. fam:lehrbuch/ch01/first-count  · v1 · unchecked

The viewer of Famulus Notebook speaks German, and so do the messages of the command line. The book 

quotes them as they appear and translates them at first use. The notebooks of the companion project are 

written in English; some case projects are German.

At the end of each chapter a box In short repeats what the chapter taught, and a set of exercises follows. 

Solutions are in Appendix G. Numbers in the text come from the runs of the projects on 23 and 24 September 

2026; where a number was checked against the register of a collection, the text says so.

0.3 What you need
To read the book you need nothing. To run its examples you need an installation of Famulus Notebook 

(Appendix B lists the commands), the companion project, and access to the PDAI collections that the 

examples read; the Pirckheimer, Kepler and Kármán collections are enough for Parts I and II. Blocks that play 

a Partitur of the query pipeline also need the agent orchestrator and ai-query; blocks that read a database 

directly do not.
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PART I

Getting started

1 A first notebook
This chapter walks through one small notebook from the question to the verdict. It introduces the words that 

the rest of the book uses, but defines none of them completely; that is the work of the following chapters.

1.1 A question and a block
Willibald Pirckheimer, the Nuremberg humanist, left a large correspondence. Its edition is a PDAI collection: 

page images, text, and a register of letters, the table letters_resolved , in which every letter is one 

row with its sender, its recipient and its date. Sender and recipient are not names but entity ids such as 

ent_pirckheimer ; a second table, ent_canonical , gives each id its canonical name. Every letter in the 

register has Pirckheimer on one side; the other side is his correspondent.

Suppose you want to know how many correspondents Pirckheimer had between 1520 and 1530, and how 

many letters they share. In a notebook you write the question as a block:

SOURCE

```{famulus}
---
id: first-count
display: kennzahl
duckdb:
- alias: main
path:
$PDAI_COLLECTIONS/pirckheimer/

pirckheimer.duckdb
read_only: true

partiturs:
- id: duckdb-read
input:
sql: |
WITH l AS (
SELECT CASE WHEN sender_id =
'ent_pirckheimer'

THEN recipient_id ELSE
sender_id END AS
partner,

TRY_CAST(left(date_when, 4) AS
INTEGER) AS year

FROM letters_resolved
)
SELECT count(DISTINCT partner) AS
n_correspondents,

count(*) AS n_letters
FROM l
WHERE year BETWEEN 1520 AND 1530

artefacts:
- name: count
kind: table
file: count.json

---
How many correspondents did Pirckheimer have
between 1520 and 1530, and how many letters do
they share?
```

RESULT

77 n_correspondents

354 n_letters

Example 1.1. fam:lehrbuch/ch01/first-count  · v1 · unchecked

The block begins with a line ```{famulus}  and ends with a line ``` . Between the two lines ---  stands the 

preamble, a short list of keys and values in YAML. After the second ---  comes the instruction: the question 

in ordinary language.

The preamble of this block says four things.
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• id: first-count  names the block. Every block of a notebook has a name of its own, and the name is 

how everything else refers to it.

• duckdb  attaches the register database of the Pirckheimer collection, read-only. $PDAI_COLLECTIONS  

stands for the folder in which the collections lie on this machine.

• partiturs  is the plan: here a single step, duckdb-read , which runs one SQL statement against the 

attached database.

• artefacts  declares what the run is to keep: one artefact named count , a table, in the file count.json .

• display: kennzahl  asks for the result to be shown as figures (Kennzahl is German for a key figure). 

Chapter 3 lists the other display forms.

The instruction is not decoration. It says what the block is for, it appears as the title of the result, and when a 

block asks a question through the query pipeline instead of through SQL (Chapter 2), the instruction is what 

the pipeline answers.

1.2 Running it
You run a notebook from the command line or from the viewer. On the command line, 

famulus-notebook run  takes a notebook file or a project folder:

Specimen · The first run of a block, forced

$ famulus-notebook run kapitel/ch01.fam --block first-count --force

How many correspondents did Pirckheimer have between 1520 and 1530, — wartet

How many correspondents did Pirckheimer have between 1520 and 1530, — läuft

How many correspondents did Pirckheimer have between 1520 and 1530, — ohne Oracle, v1 

unverändert

{"blocks": {"first-count": "pass"}}

Each line is one event: the block is waiting (wartet), it runs (läuft), it has finished. The last event says two 

things. Ohne Oracle, “without oracle”, means that nothing was there to compare the result with; we return 

to this in a moment. v1 unverändert, “v1 unchanged”, means that this run produced the same result as the 

previous one, so the result keeps its version number 1. The option --force  made the block run although 

nothing had changed. Without it, the command takes the result over from the last run:

Specimen · The same command without –force

$ famulus-notebook run kapitel/ch01.fam

How many correspondents did Pirckheimer have between 1520 and 1530, — wartet

List Pirckheimer's correspondents between 1520 and 1530 with the number… — wartet

How many correspondents did Pirckheimer have between 1520 and 1530, — aus dem letzten 

Lauf

List Pirckheimer's correspondents between 1520 and 1530 with the number… — aus dem 

letzten Lauf

{"blocks": {"first-count": "pass", "first-list": "pass"}}

Aus dem letzten Lauf, “from the last run”, is the normal case. A block runs again only when something it 

depends on has changed: its preamble, its instruction, a file it reads, or the result of a block it builds on. 

Chapter 7 explains how the notebook finds out.

1.3 Reading the result
The run wrote the result into the folder _famulus  of the project, which belongs to the runner; you never 

edit it by hand. For the block first-count  it now contains:
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Specimen · What a run leaves behind (ch01)

_famulus/store/ch01/first-count/current.json

_famulus/store/ch01/first-count/v0001/artefacts/count.json

_famulus/store/ch01/first-count/v0001/manifest.json

_famulus/store/ch01/first-count/v0001/report.json

_famulus/store/ch01/first-count/v0001/result.json

_famulus/store/ch01/first-count/v0001/verdict.json

v0001  is the folder of version 1; current.json  says which version is the current one. The four files have 

four tasks. The manifest records the run: when it started, the hash of its inputs, how often the block has 

run ( runs ), and the artefacts it wrote. The verdict ( verdict.json ) records what was observed and how it 

compares with the expectation. The result ( result.json ) is what the viewer shows: the question, a one-

sentence answer, the measured values, and the display form. The report keeps what the plan returned. The 

artefact itself, count.json , holds the table the SQL statement produced, wrapped in a header that names 

where it came from; Chapter 7 shows that header.

In the viewer the same result looks like this:

Figure 1  The block first-count  and the list first-list  in the viewer. Each block shows its state chip 

(aktuell, current), its version ( v1 ), the instruction, a collapsed Partitur, the result, and two buttons.

The viewer is started with famulus-notebook serve  and listens on port 5118; the address of this chapter 

is http://127.0.0.1:5118/notebook?nb=lehrbuch/ch01 . The left column lists the notebooks, the middle 

column shows the chosen notebook, and the right edge holds the annotation panel of Part III. A block in the 

viewer shows only what the next step needs: the state and version, the question, the result, and two buttons, 

Neu ausführen (“run again”) and Anmerken (“add a note”). The preamble is folded away under Partitur, the 

diagnostics under Diagnose.

1.4 Unchecked is not passed
Look again at the event ohne Oracle. The command line reports the block as pass , but the result says 

"urteil": "unchecked" . This is deliberate. The run passed in the sense that it did what it was asked: it read 

the register and returned a non-empty table. Whether 77 is the right number, the run cannot know, because 

nobody told it what to expect. An expected value that was determined independently of the run is called an 
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oracle. A block without an oracle is unchecked, and the viewer says so with the chip ohne Oracle in place 

of bestanden (“passed”). Chapter 4 adds an oracle to this very question and shows what happens when the 

oracle and the register disagree.

⟨/⟩ For famuli

verdict.json  field status  is one of pass , fail , gap , error . result.json  field urteil  equals status , 

except that status: pass  with an empty or missing oracle  becomes urteil: unchecked . A famulus 

reporting a result must report urteil , not status : a block with urteil: unchecked  has not been checked, 

and saying “passed” of it is false.

1.5 A second block
A notebook usually asks more than one question, and later questions build on earlier ones. The second block 

of the chapter lists the correspondents:

SOURCE

```{famulus}
---
id: first-list
depends_on: [first-count]
display: tabelle
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
WITH l AS (
SELECT CASE WHEN sender_id =
'ent_pirckheimer'

THEN recipient_id ELSE
sender_id END AS
partner,

TRY_CAST(left(date_when, 4) AS
INTEGER) AS year

FROM letters_resolved
)
SELECT e.canonical AS name, count(*) AS
count

FROM l JOIN ent_canonical AS e ON
e.ent_id = l.partner

WHERE year BETWEEN 1520 AND 1530
GROUP BY e.canonical
ORDER BY count DESC, name

artefacts: …
---
List Pirckheimer's correspondents between 1520
and 1530 with the number of letters each shares
with him, the most frequent first.
```

RESULT

name count

Donauwörth, Bürgermeister und Rat von 127

Erasmus, Desiderius 21

Pirckheimer, Klara 20

(unbekannt) 19

Schöner, Johann 11

Pirckheimer, Sabina 10

Grieninger, Johann 9

Pirckheimer, Katharina d. J. 9

… 69 more rows

Example 1.2. fam:lehrbuch/ch01/first-list  · v1 · unchecked

The key depends_on: [first-count]  says that this block comes after first-count . The table shows the 

first eight of 77 rows. The list is worth reading closely. Its fourth line is a correspondent called “(unbekannt)”, 

unknown, with 19 letters. We shall meet it again in Chapter 4, where it explains a disagreement.

1.6 The file and its project
The two blocks live in a file kapitel/ch01.fam . A .fam  file is a Quarto document: a YAML 

header, prose in Markdown, and blocks. It belongs to a project, a folder with a file famulus.yml  

that names the project and the settings its notebooks share. The companion project of this book 

has the id lehrbuch ; its chapter notebooks are ch01 , ch02 , and so on. The complete name of the 

first block is therefore fam:lehrbuch/ch01/first-count , and the complete name of its artefact is 

fam:lehrbuch/ch01/first-count.count . Chapter 5 is about projects, Chapter 6 about names.
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In short

• A notebook is a text with blocks. A block has a preamble (keys between two ---  lines) and an instruction 

(the question).

• famulus-notebook run  executes the blocks; a block whose inputs have not changed is taken over from the 

last run.

• A run leaves a result, a verdict, a manifest and the declared artefacts in 

_famulus/store/<notebook>/<block>/v<N>/ .

• A result without an oracle is unchecked (ohne Oracle), never passed.

✎ Exercise 1.1

Change the years in first-count  to 1522–1524 and run the notebook. Which of the two blocks gets a new 

version, and why does the other one not? (Chapter 7 gives the full answer; guess it now.)

✎ Exercise 1.2

Add LIMIT 10  to the SQL statement of first-list . What does the viewer show, and what does the table in 

partners.json  contain?

✎ Exercise 1.3

Open result.json  of first-count  and name the key that says the result is unchecked. Which key would 

change if the block had an oracle?

2 The block
Chapter 1 showed a block at work. This chapter takes it apart: the fence that marks it, the keys of its preamble 

and the groups they fall into, the two forms of plan, and the placeholders by which an instruction names an 

earlier result.

2.1 Fence, preamble, instruction
A block is a fenced code block whose language is famulus :

```{famulus}

---

id: my-block

…more keys…

---

The question, in ordinary language.

```

Everything between the two lines ---  is the preamble; it must be a YAML mapping. Everything after the 

second ---  is the instruction. A notebook may contain any number of blocks, with prose between them. 

Prose is for the human reader; the runner ignores it. The runner reads only the blocks, in the order in which 

they stand in the file, and sorts them further by their dependencies.

The preamble obeys one rule above all others, the rule of completeness: a block reads no context that neither 

its preamble nor the defaults of its project name. There is no current collection of a window, no earlier 

question of a chat that silently narrows the next one. If a block reads Kepler, its preamble or its project says so.

2.2 The groups of keys
Every preamble key belongs to one of eight groups. The following block uses a key from nearly every group:
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SOURCE

```{famulus}
---
id: anatomy
depends_on: [ch01/first-list]
rerun: if-stale
collections: [pirckheimer]
years: {from: 1520, to: 1530}
display: tabelle
duckdb:
- alias: main
path:
$PDAI_COLLECTIONS/pirckheimer/

pirckheimer.duckdb
read_only: true

partiturs:
- id: duckdb-read
input:
sql: |
SELECT r.name, r.count
FROM
read_json_auto('{{ref:ch01/first-

list.partners}}')
AS f,

unnest(f.data.data.rows) AS t(r)
WHERE r.count >= 10
ORDER BY r.count DESC, r.name

artefacts:
- name: frequent
kind: table
file: frequent.json

---
From the list in
{{ref:ch01/first-list.partners}}, keep the
correspondents with at least ten letters.
```

RESULT

name count

Donauwörth, Bürgermeister und Rat von 127

Erasmus, Desiderius 21

Pirckheimer, Klara 20

(unbekannt) 19

Schöner, Johann 11

Pirckheimer, Sabina 10

Example 2.1. fam:lehrbuch/ch02/anatomy  · v1 · unchecked

Read it group by group.

Identity

id  names the block; it must be unique in the notebook.

Order

depends_on  lists blocks that must run first, here a block of another chapter notebook, ch01/first-list . 

rerun  says when the block runs again: if-stale  (the default) when something it depends on has 

changed, always  on every run, never  only if it has no result yet. The older spelling if-missing  means 

the same as if-stale .

Scope

collections  names the collections the block may read, years  a range of years. Further scope keys 

are locked , reading_doc , evidence , language , persons , lemmata  and counting_mode ; Chapter 8 

treats them.

Data

duckdb  attaches databases, each under an alias , read-only.

Plan

partiturs  (a chain of steps) or subtask  (a question for the query pipeline); exactly one of the two.

Artefacts

artefacts  declares the files the run keeps, each with a name , a kind  and a file .

Display

display  chooses how the result is shown (Chapter 3).
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Checking

oracle  states the expected result, golden  names the golden it was taken from (Chapter 4), guard  asks 

for a formulation check (Chapter 10).

A key that the preamble does not set is taken from the defaults of the project, if the project sets it. A list in 

the preamble replaces the list of the defaults; the two are not joined.

⟨/⟩ For famuli

Precedence for every scope key: block preamble, then defaults  in famulus.yml , then nothing. There is 

no fourth source; in particular no key is inferred from the instruction. The instruction becomes goal , 

inputs.instruction  and inputs.raw_query  of the run request; years  becomes inputs.year_from , 

inputs.year_to  and inputs.years .

2.3 Placeholders
The instruction and the SQL of anatomy  both contain the text {ref:ch01/first-list.partners} . This is 

a placeholder: a reference to the artefact partners  of the block first-list  in the notebook ch01 . Before 

the plan is played, the runner replaces every placeholder, in the SQL and in the instruction it hands to the 

plan, by the path of the artefact file, so that read_json_auto  can open it. The question shown with the result 

keeps the reference as text, so the reader still sees where the input comes from.

A placeholder makes the block depend on the artefact. When first-list  produces a new version of 

partners , anatomy  becomes stale and runs again at the next refresh. A placeholder that cannot be resolved 

is an error of the block, never an empty input. The full grammar of references, with versions and names 

across projects, is the subject of Chapter 6.

Artefact files are JSON with a header and a payload (Chapter 7). A table’s rows lie at data.data.rows  of the 

file, which is why the SQL reads unnest(f.data.data.rows) .

2.4 Two forms of plan
A block carries exactly one of two keys that name its plan.

The first form, partiturs , is a chain of steps. Each step has an id , and optionally an input  and a setting . 

An id  is either the name of a Partitur in the register of plans, or one of two local steps that Famulus Notebook 

performs itself:

• duckdb-read  runs one read-only SQL statement against the databases named under duckdb  and returns 

the rows;

• artifact:<kind>  builds an artefact of the given kind, for example a network from a list (Chapter 3).

The chain stops at the first step that does not reach its goal. The later steps do not run, and the result names 

the gap. Local steps need neither a language model nor the agent orchestrator; they are what the first four 

chapters mostly use, because their results can be checked line by line.

The second form, subtask , sends the question to the query pipeline of the Famulus platform, the Partitur 

ai-query-phase1 . The instruction becomes the goal of that Partitur, and the subtask names the kind of 

question:
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SOURCE

```{famulus}
---
id: subtask-count
years: {from: 1520, to: 1530}
subtask: correspondence-count
golden: golden-c782fab71c
display: kennzahl
oracle:
n_correspondents: 75

duckdb: …
artefacts:
- name: report
kind: report
file: report.json

---
How many correspondents did Pirckheimer have
between 1520 and 1530? Count distinct persons
in letters_resolved, resolved through
ent_canonical.
```

RESULT

75 n_correspondents expected = 75

Example 2.2. fam:lehrbuch/ch02/subtask-count  · v1 · passed

This is the same question as first-count , asked the other way. The block names the subtask 

correspondence-count  and an oracle of 75 correspondents, taken from a golden (Chapter 4). The pipeline’s 

answer, 75, matches, and the verdict is passed. That the register reading of Chapter 1 gave 77 is not a 

contradiction in the notebook; it is a finding, and Chapter 4 resolves it.

The subtasks the pipeline accepts are listed in Appendix A. A subtask block needs the agent orchestrator 

and ai-query on the machine that runs it; a chain of local steps does not.

⟨/⟩ For famuli

subtask  values accepted: correspondence-count , correspondence-roster , letter-subject , 

mention-in-letters , terminology-find , concept-statements , statement-mention , 

source-attestation , sentence-mention , cooccurrence , manuscript-inventory , register-inventory , 

entity-mention-count . Any other value is refused before the run with unbekannter subtask '<value>' .

2.5 Errors before the run
Some mistakes are found before anything runs. The runner checks every block first and refuses it with a 

message that names the cause:

Table 1  Messages before a run. The messages are German; genau eines von means “exactly one of”, fehlt “is 

missing”.

The preamble … The message says

has no id Präambel ohne id

has both subtask  and partiturs , or neither <id>: genau eines von subtask und 

partiturs

names a subtask the pipeline does not know <id>: unbekannter subtask '<name>'

counts lemmata without counting_mode <id>: counting_mode fehlt bei der Lemma-

Zählung

A refused block has the verdict error , writes no artefact, and blocks that depend on it wait. Chapter 15 lists 

every message the runner can give.
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In short

• A block is a ```{famulus}  fence with a YAML preamble and an instruction.

• The preamble is complete: nothing outside it and the project defaults shapes the run.

• Keys fall into eight groups: identity, order, scope, data, plan, artefacts, display, checking.

• {ref:…}  names an earlier artefact and makes the block depend on it.

• The plan is either a chain of partiturs  (local steps or registered Partituren) or one subtask  of the query 

pipeline.

✎ Exercise 2.1

Name the group of each key in subtask-count .

✎ Exercise 2.2

Write a block that counts Pirckheimer’s letters of the year 1522 only, with a duckdb-read  step. Which keys 

can you leave out if the project defaults already name the collection?

✎ Exercise 2.3

A block has a preamble without id . What does the runner report, and what happens to a block that names 

it in depends_on ?

3 Results and their display
A run produces data; the viewer and the published page show it. Between the two stands the display: a short 

specification in result.json  that says in which form the data are shown. This chapter introduces the seven 

display forms, the defaults that choose one of them, and the keys that override the choice. It ends with the 

shortcode that puts a result into running prose.

3.1 Artefact kinds and display forms
What a run keeps is declared under artefacts , each with a kind. The kind says what the data are: a table, 

a list of persons, a list of passages, a network, a report, a text. The display says how they are shown. Every 

kind has a default form:

Table 2  Default display by kind of artefact.

Kind of artefact Default display

table tabelle , a table

report kennzahl , key figures

roster-table liste , or tabelle  beyond 12 rows, or 

hierarchische-tabelle  if the rows fall into 

several kinds

kwic , citation-list belegliste , a list of passages with their places

markdown , timeline textkarten , text cards

d3-graph netz , a network

The display forms carry German names because the viewer is German: Kennzahl (key figure), Liste (list), 

Tabelle (table), hierarchische Tabelle (grouped table), Belegliste (list of evidence), Textkarten (text cards) and 

Netz (network). The rest of this chapter shows each at work.
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3.2 A table
The simplest display is a table of rows and columns, as a SQL statement returns them:

SOURCE

```{famulus}
---
id: letters-by-year
display: tabelle
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
SELECT TRY_CAST(left(date_when, 4) AS INTEGER) AS year,

count(*) AS letters,
count(*) FILTER (WHERE direction = 'X_to_P') AS to_pirckheimer,
count(*) FILTER (WHERE direction = 'P_to_X') AS from_pirckheimer

FROM letters_resolved
GROUP BY year
ORDER BY year

artefacts: …
---
How many letters does the register date to each year, and in which direction did
they travel?
```

RESULT

year letters to_pirckheimer from_pirckheimer

1520 1 0 1

1522 13 7 6

1523 29 22 7

1524 89 82 7

1525 105 95 10

1526 59 54 5

1527 58 49 9

Example 3.1. fam:lehrbuch/ch03/letters-by-year  · v1 · unchecked

The register dates letters from 1520 to 1527 only; no letter falls into 1521 or into 1528–1530. The reason 

is recorded with the golden of Chapter 4: the register was built from volumes 5 and 6 of the edition, and 

volume 7 is not yet in the corpus. The table shows at most twelve rows unless the display says otherwise 

( zeilen_sichtbar , “rows visible”); the viewer offers the rest behind a button.

3.3 Key figures
A result of one row is a set of figures. Each numeric column of the row is shown as a figure, and an oracle 

can check each of them (Chapter 4):
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SOURCE

```{famulus}
---
id: peak-year
depends_on: [letters-by-year]
display: kennzahl
partiturs:
- id: duckdb-read
input:
sql: |
SELECT r.year AS peak_year, r.letters
AS peak_letters

FROM
read_json_auto('{{ref:letters-by-

year.years}}')
AS f,

unnest(f.data.data.rows) AS t(r)
ORDER BY r.letters DESC
LIMIT 1

artefacts: …
---
Which year has the most letters in
{{ref:letters-by-year.years}}?
```

RESULT

1525 peak_year

105 peak_letters

Example 3.2. fam:lehrbuch/ch03/peak-year  · v1 · unchecked

The block reads the table of the previous block through a placeholder and asks for its largest row. The year 

1525 has 105 letters. The labels under the figures are the column names, peak_year  and peak_letters ; a 

column named n_correspondents  or n_letters  gets a German label (Briefpartner, Briefe) from a short list 

of known names.

3.4 A grouped table
When rows fall into groups, a grouped table shows each group under its own heading. The display names 

the column that forms the groups ( gruppe ) and the columns to show ( spalten ), each with a label and, for 

numbers, art: zahl  (“kind: number”), which aligns them to the right:

SOURCE

```{famulus}
---
id: places
display:
format: hierarchische-tabelle
gruppe: kind
spalten:
- {feld: name, label: Place}
- {feld: count, label: Letters, art: zahl}

zeilen_sichtbar: 12
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
SELECT CASE direction WHEN 'X_to_P' THEN 'to Pirckheimer'

ELSE 'from Pirckheimer' END AS kind,
coalesce(place, 'unknown') AS name,
count(*) AS count

FROM letters_resolved
GROUP BY kind, name
HAVING count(*) >= 5
ORDER BY kind, count DESC

artefacts: …
---
From which places were letters written, grouped by the direction of the letter?
Places with fewer than five letters are left out.
```

RESULT

from Pirckheimer

Place Letters

Nürnberg 44

to Pirckheimer
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Place Letters

Nürnberg 69

Kloster 45

Basel 26

Herford 14

Augsburg 12

Kirchehrenbach 11

Leipzig 10

Bamberg 9

Straßburg 9

Wien 7

Innsbruck 7

Stuttgart 5

Eichstätt 5

Example 3.3. fam:lehrbuch/ch03/places  · v3 · unchecked

Only one place, Nürnberg, has five or more letters from Pirckheimer in the register; the letters to him 

come from eight places above that threshold. The asymmetry is a fact about the register: by the table of 

letters-by-year  it holds 309 letters to Pirckheimer and 45 from him.

3.5 A network
A local step artifact:<kind>  turns an earlier artefact into a new one. The following block draws the 

correspondents of the Pirckheimer project as a star, reading the roster of another project through its short 

name pirck  (Chapter 6 explains short names):

SOURCE

```{famulus}
---
id: star
display: netz
partiturs:
- id: artifact:d3-graph
input:
center: Pirckheimer
roster:
ref: pirck/briefpartner-roster.roster

artefact: star
artefacts:
- name: star
kind: d3-graph
file: star.json

---
Draw Pirckheimer's correspondents from
{{ref:pirck/briefpartner-roster.roster}} as a
star. Pirckheimer stands in the centre; the
weight of an edge is the number of letters.
```

RESULT

A graph of 61 nodes and 60 edges.

60 von 75 Briefpartnern. Stern um Pirckheimer. Die 

Kantenstärke ist die Briefzahl. 60 Briefpartner.

Example 3.4. fam:lehrbuch/ch03/star  · v2 · unchecked
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Figure 2  The network of star  in the viewer: Pirckheimer in the centre, one node per correspondent, the edge 

weight given by the number of letters.

The answer of the block states that it draws 60 of 75 correspondents. The builder of the star keeps the first 

60 rows of its input and says so in its note; nothing is dropped silently.

3.6 Evidence and text
Passages from a corpus are shown as a list of evidence: each row a sentence with its place, the document, 

page and sentence number.

SOURCE

```{famulus}
---
id: kepler-evidence
collections: [kepler-prim]
display: belegliste
partiturs:
- id: duckdb-read
input:
sql: |
SELECT r.doc_id, r.pidx, r.sent_idx, r.text
FROM read_json_auto('{{ref:kepler/lex-natura-gegenprobe.gegenprobe}}') AS f,

unnest(f.data.data.rows) AS t(r)
ORDER BY r.doc_id, r.pidx, r.sent_idx
LIMIT 3

artefacts:
- name: evidence
kind: kwic
file: evidence.json

---
Show the first three Latin sentences in which Kepler uses lex and natura together,
from {{ref:kepler/lex-natura-gegenprobe.gegenprobe}}.
```

RESULT

kgw-01 · 190 · 0

illam facio, quàm par est; nec si primi authores legem quandam suis ratiocinijs arbitrarijs à rerum natura sunt mutuati, propterea 

vicissim tota reliqua coelestium natura sese subjecit his eorum ratiocinijs; ut hortulanus ad quinarium numerum floribus familia…

kgw-01 · 263 · 4

Qui hoc affirmant, pars naturae coelorum consulentes, lege circulari hoc factum esse pronunciant: ut ita causa sit, cur ex descensu, 

nexus, et quodammodo prognatus fuerit contrarius ascensus.

kgw-01 · 288 · 6

Moderator itaque totius naturae non in hoc Solem et Lunam ciet, ut deliquium jungat aequinoctio; sed ne Solem Lunamque non cieat, 

suâ quemlibet lege: non refugit deliquium jungere aequinoctio.

Example 3.5. fam:lehrbuch/ch03/kepler-evidence  · v1 · unchecked
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The block reads the sentences of the Kepler counter-check, a block of the Kepler project, and keeps the first 

three. The place kgw-01 · 190 · 0  is document kgw-01 , page index 190, sentence 0 of that page.

Text cards are for prose that a plan wrote, for example the synthesis of a question about the subject of letters. 

The Schöner project asks what Johann Schöner’s letters to Pirckheimer are about:

SOURCE

```{famulus}
---
id: schoener-gegenstand
years: {from: 1520, to: 1527}
subtask: letter-subject
golden: golden-b4544be016
display: textkarten
guard: {task: synthesize-answer, lang: de}
oracle:
n_letters: 11
subject_contains: saphea

duckdb: …
artefacts:
- name: gegenstand
kind: markdown
file: gegenstand.md

---
Was ist der Gegenstand der Briefe von Schöner an Pirckheimer zwischen 1520 und 1527?
Gib eine zusammenhängende Darstellung und die Briefzahl.
```

RESULT

These correspondence excerpts primarily feature letters from Schöner to an influential patron and magistrate (addressed as 

“herrligkeit,” and identified elsewhere as Willibald Pirckheimer), alongside related monastic and personal communications. A 

central topic is Schöner’s ongoing pursuit of a church benefice permutation involving Heroldsberg, Erenpach, and Bamberg, 

accompanied by expressions of anxiety over bureaucratic delays, gossip, and negotiations with local peasants and collators. 

Schöner also frequently discusses the acquisition, casting, and correction of astronomical and mathematical instrument 

matrices—specifically concerning a device called a “saphea” and work with Johann Stüchs—as well as the dispatch of related 

treatises (canones cylindri and Canones Sapheae). In addition, the letters touch upon scholarly praise for Pirckheimer’s 

translation of Ptolemy and his civic virtue, personal financial or living arrangements, and concerns regarding religious and 

monastic hardships during the period, including the plight of nuns at St. Clare and local weather damage to crops.

Example 3.6. fam:schoener-saphea/saphea/schoener-gegenstand  · v1 · passed

The answer is prose written by the query pipeline; its first two cards are shown here. The block passes because 

its oracle asks for two things, eleven letters and the word saphea in the answer, and the run supplies both.

3.7 Overriding the display
The key display  accepts either the name of a form or a mapping:

display: liste                     # a form by name

display:                           # or a mapping

  format: hierarchische-tabelle

  gruppe: kind                     # column that forms the groups

  spalten:                         # columns shown, in order

    - {feld: name, label: Place}

    - {feld: count, label: Letters, art: zahl}

  sortierung: {feld: count, richtung: ab}   # sort by count, descending

  zeilen_sichtbar: 12              # rows shown before "more"

A key given in the mapping replaces the default; keys not given keep it. richtung  is auf  (ascending) or ab  

(descending).



Famulus Notebook 21

⟨/⟩ For famuli

result.json.display  is always a mapping with at least format . Valid formats: kennzahl , liste , 

tabelle , hierarchische-tabelle , belegliste , textkarten , netz . Rows are read from data.entries  

or data.rows  of the artefact payload. For kennzahl , result.json.messwerte  lists one entry per figure with 

name , label , beobachtet  (observed) and erwartet  (expected; empty when no oracle names the figure).

3.8 Results in prose
A published notebook often wants a result in the middle of a paragraph or after it, not only in the block. The 

shortcode famulus  does this in any page of the Quarto site:

The register dates the letters as follows:

{{< famulus letters-by-year.years >}}

The shortcode takes a reference to an artefact (Chapter 6) and inserts it: a table as a table, a text as text. The 

reference is resolved when the site is built (Chapter 12), so the page always shows the version that the build 

found; a reference that cannot be resolved is printed as a visible message, never as an empty place.

In short

• An artefact has a kind; a result has a display form. Each kind has a default form.

• Seven forms: Kennzahl, Liste, Tabelle, hierarchische Tabelle, Belegliste, Textkarten, Netz.

• display  overrides the form, the columns, the grouping, the sorting and the number of rows.

• {{< famulus <ref> >}}  puts a result into prose.

✎ Exercise 3.1

Show ch01/first-list  as a liste  with the columns name  and count , labelled “Correspondent” and 

“Letters”. What happens to the row limit?

✎ Exercise 3.2

Change the display of places  so that the groups are the places and the rows the two directions. Which 

column must the SQL return for that?

✎ Exercise 3.3

Write a paragraph for a Quarto page that names the busiest year and inserts the table of letters-by-year  

after it.

4 Checking an answer
A result that nobody checked is a claim. This chapter adds the check: an oracle in the preamble, the rule by 

which the run’s result is compared with it, and the four words in which the comparison is reported. It then 

follows one disagreement, between a register count and a golden, to its cause.

4.1 An oracle
An oracle is an expected result, stated in the preamble, that was determined independently of the run: counted 

by hand, taken from a published register, or fixed in a golden. The block of Chapter 1 gets one:
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SOURCE

```{famulus}
---
id: count-checked
display: kennzahl
oracle:
n_correspondents: 77
n_letters: {min: 350}

duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
WITH l AS (
SELECT CASE WHEN sender_id =
'ent_pirckheimer'

THEN recipient_id ELSE
sender_id END AS
partner,

TRY_CAST(left(date_when, 4) AS
INTEGER) AS year

FROM letters_resolved
)
SELECT count(DISTINCT partner) AS
n_correspondents,

count(*) AS n_letters
FROM l
WHERE year BETWEEN 1520 AND 1530

artefacts: …
---
Count Pirckheimer's correspondents and letters
between 1520 and 1530 and check both figures
against the register.
```

RESULT

77 n_correspondents

354 n_letters

Example 4.1. fam:lehrbuch/ch04/count-checked  · v1 · passed

The oracle states two expectations. n_correspondents: 77  is an equality; n_letters: {min: 350}  is a 

range with a lower bound only. Each is compared with the value of the same name that the run observed, 

here the two columns of the one-row table. Both hold, and the verdict is passed (bestanden). The figures show 

the expectation beside the observation, so the reader sees what was checked.

An oracle may take four forms:

Table 3  The four forms of an oracle.

Form Example Holds when

number n_correspondents: 77 the observed value equals it

range n_letters: {min: 350} , 

{max: 20} , 

{min: 10, max: 20}

the observed value lies in the 

range

substring subject_contains: saphea the observed value of that name 

contains the string

list terms: [saphea, horologium] every item is found in the 

observed value of that name

4.2 The four verdicts
Every run ends with one of four verdicts, and the viewer shows a fifth word for the case that Chapter 1 

introduced:
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Table 4  Verdicts.

Status in verdict.json Viewer Meaning

pass , with oracle bestanden (passed) every expectation of the oracle 

holds

pass , without oracle ohne Oracle (unchecked) the run returned a non-empty 

result; nothing was there to 

compare it with

fail abweichend (deviates) at least one expectation does not 

hold

gap Lücke (gap) the question cannot be 

answered with the available 

data, and the run says so

error Fehler (error) the run was aborted; the 

diagnostics name the reason

Two rules make these words trustworthy. First, an unchecked result never reads as passed, as Chapter 1 

showed. Second, an empty result is never a pass: a run that returns nothing where something was asked for 

ends as an error (“silent empty result”), not as an unchecked success. A pass on an empty artefact is a bug 

of the notebook. One such bug is open: a duckdb-read  without an oracle that returns no rows still ends as 

ohne Oracle, because its result carries the names of the columns and a row count of 0, and these count as 

something observed (Chapter 15). Until it is closed, give every reading an oracle with a lower bound, such 

as n_sentences: {min: 1} .

⟨/⟩ For famuli

A fail  writes no artefact files; the manifest’s artefacts  list is empty, and a block that reads the artefact 

through a placeholder waits ( hängt an <ref>, dort liegt noch keine Version , “depends on , which has 

no version yet”). A gap  is an answer, not an error: it states that the data cannot answer the question. Do not 

retry a gap  with a different model; retry an error  only after the cause named in verdict.json  is removed.

4.3 A golden
A golden is a question of the query pipeline with a known answer, kept in the pipeline’s agent memory, table 

golden_ground , and used to test the pipeline [1]. The key golden  of a block names the golden its oracle was 

taken from; it does not load anything. The golden golden-c782fab71c  asks: “How many correspondents did 

Pirckheimer have between 1520 and 1530?” and expects n_unique_correspondents: 75 . Its record carries 

a note: the register was built from volumes 5 and 6 of the edition, about 1520–1527, and the golden is a 

candidate that awaits inspection by the author.

Chapter 2 asked the pipeline this question through the subtask correspondence-count , and the pipeline 

answered 75: passed. Chapter 1 counted the register and found 77. Put the golden’s number on the register 

reading, and the verdict turns:
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SOURCE

```{famulus}
---
id: count-golden
display: kennzahl
golden: golden-c782fab71c
oracle:
n_correspondents: 75

duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
WITH l AS (
SELECT CASE WHEN sender_id =
'ent_pirckheimer'

THEN recipient_id ELSE
sender_id END AS
partner,

TRY_CAST(left(date_when, 4) AS
INTEGER) AS year

FROM letters_resolved
)
SELECT count(DISTINCT partner) AS
n_correspondents

FROM l
WHERE year BETWEEN 1520 AND 1530

artefacts: …
---
Count Pirckheimer's correspondents between 1520
and 1530 and compare the figure with the
expectation of golden-c782fab71c.
```

RESULT

77 n_correspondents expected = 75

Example 4.2. fam:lehrbuch/ch04/count-golden  · v1 · deviates

Figure 3  Chapter 4 in the viewer: the same register reading passes against the oracle 77 and deviates against 

the golden’s 75.

4.4 Following a disagreement
A notebook does not settle a disagreement; it makes it visible and keeps the evidence together. Here the 

evidence is already on the page. The list of Chapter 1 has a correspondent “(unbekannt)” with 19 letters. 

The register uses placeholder ids for letters whose correspondent the edition does not name, and a count of 

distinct ids counts each placeholder as a person. One more block counts again without them:
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SOURCE

```{famulus}
---
id: count-named
display: kennzahl
golden: golden-c782fab71c
oracle:
n_correspondents: 75

duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
WITH l AS (
SELECT CASE WHEN sender_id =
'ent_pirckheimer'

THEN recipient_id ELSE
sender_id END AS
partner,

TRY_CAST(left(date_when, 4) AS
INTEGER) AS year

FROM letters_resolved
)
SELECT count(DISTINCT partner) AS
n_correspondents,

count(*) AS n_letters
FROM l
WHERE year BETWEEN 1520 AND 1530
AND partner NOT LIKE 'ent_unbekannt%'

artefacts: …
---
Count the named correspondents between 1520 and
1530, leaving out the register's placeholder
ids for unnamed correspondents.
```

RESULT

75 n_correspondents

334 n_letters

Example 4.3. fam:lehrbuch/ch04/count-named  · v1 · passed

Without the two placeholder ids, ent_unbekannt_2  (19 letters) and ent_unbekannt  (1 letter), there are 75 

named correspondents with 334 letters, and the golden’s figure holds. The difference of two is explained.

One figure is still open. The pipeline’s report for the same question says 200 letters, while the register holds 

334 letters with named correspondents and 354 in all. The notebook records the three numbers; which reading 

the pipeline’s 200 corresponds to is not established here. Chapter 13 returns to it and finds that 200 is a limit 

on rows, not a count.

Specimen · Three readings of one question

Reading Correspondents Letters Block

all partner ids 77 354 fam:lehrbuch/ch04/count-checked

named partners only 75 334 fam:lehrbuch/ch04/count-named

query pipeline 75 200 fam:lehrbuch/ch02/subtask-count

4.5 Counter-checks
The block count-named  is a counter-check: a second reading of the same data by a different route, designed 

to confirm or refute a first one. A good counter-check changes one thing at a time. Here it changed the 

treatment of placeholder ids and nothing else, which is why its result can be read as the explanation of the 

difference.

The case projects of Chapter 13 use counter-checks throughout. The Kepler project, for example, counts 

sentences with lex and natura both through the query pipeline and directly in the lemma index, and reports 

both.

The last block of the chapter is a small counter-check of a different kind. It lists the correspondents whose 

ids begin with Pirckheimer’s own, to see whether family members are kept apart from him:
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SOURCE

```{famulus}
---
id: family
display: tabelle
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
WITH l AS (
SELECT CASE WHEN sender_id =
'ent_pirckheimer'

THEN recipient_id ELSE
sender_id END AS
partner

FROM letters_resolved
)
SELECT e.canonical AS name, l.partner
AS ent_id, count(*) AS count

FROM l JOIN ent_canonical AS e ON
e.ent_id = l.partner

WHERE l.partner LIKE
'ent_pirckheimer_%'

GROUP BY e.canonical, l.partner
ORDER BY count(*) DESC

artefacts: …
---
Which correspondents carry an entity id that
begins with Pirckheimer's own?
```

RESULT

name ent_id count

Pirckheimer, Klara ent_pirckheimer_klara 20

Pirckheimer, Sabina ent_pirckheimer_sabina 10

Pirckheimer, 

Katharina d. J.

ent_pirckheimer_katharina_d_j9

Pirckheimer, Caritas d. 

J.

ent_pirckheimer_caritas_d_j 6

Pirckheimer, Eufemia ent_pirckheimer_eufemia 2

Example 4.4. fam:lehrbuch/ch04/family  · v1 · unchecked

They are: five members of the family have ids of their own. None of them is counted as Pirckheimer.

In short

• An oracle states an expectation found independently of the run: a number, a range, a substring, or a list.

• Verdicts: passed, unchecked (without oracle), deviates, gap, error. An empty result is an error, never a pass.

• A golden is a question with a known answer; golden:  names its source.

• When two readings disagree, a counter-check that changes one thing explains the difference or shows that 

it is not yet explained.

✎ Exercise 4.1

Give first-list  an oracle that checks that the list has at least 70 rows and names Erasmus. Which forms of 

oracle do you need?

✎ Exercise 4.2

Why does count-golden  write no artefact, and what happens to a block that reads 

{ref:count-golden.count} ?

✎ Exercise 4.3

Design a counter-check for the pipeline’s 200 letters. What would you change, and what would each possible 

result tell you?
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PART I I

Carrying on

5 Projects and chapters
One notebook is enough for one question. A study needs several: a chapter on the correspondents, one on 

places, one on the evidence for a term. Famulus Notebook binds notebooks into a project, the way a LaTeX 

document binds its chapters in main.tex . This chapter shows the parts of a project and how to make one.

5.1 The parts of a project
The companion project of this book is a folder with one settings file, one integrating notebook, a folder of 

chapter notebooks, a lock and a runtime folder:

Specimen · The companion project

$ find lehrbuch -maxdepth 2 | sort

lehrbuch

lehrbuch/_famulus

lehrbuch/_famulus/store

lehrbuch/famulus.lock

lehrbuch/famulus.yml

lehrbuch/kapitel

lehrbuch/kapitel/ch01.fam

lehrbuch/kapitel/ch02.fam

lehrbuch/kapitel/ch03.fam

lehrbuch/kapitel/ch04.fam

lehrbuch/kapitel/ch06.fam

lehrbuch/kapitel/ch07.fam

lehrbuch/kapitel/ch08.fam

lehrbuch/lehrbuch.fam

Each part has one job:

famulus.yml

The settings of the project: its id and title, defaults for every notebook, short names for other projects, 

and renamed blocks.

.fam  files

The notebooks. A .fam  file is a Quarto document in Markdown with {famulus}  blocks; the extension 

tells editors and the runner what it is. Notebooks lie in the project folder itself or in kapitel/ .

lehrbuch.fam

The integrating notebook: the notebook that lists the chapters.

kapitel/ch01.fam  … ch08.fam

The chapter notebooks. Chapter 5 of this book has no blocks, so there is no ch05.fam .

famulus.lock

The record of which result was made from which (Chapter 7). The runner writes it; you read it.
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_famulus/

The runner’s folder: the store of results, one folder per notebook, and the build copies of Chapter 12. 

Quarto skips folders whose names begin with an underscore, so a Quarto website of the project does not 

publish it by accident.

You write famulus.yml  and the .fam  files. Everything else is written by the runner.

5.2 The settings file

Specimen · famulus.yml of the companion project

id: lehrbuch

title: 'Famulus Notebook: the examples of the book'

main: lehrbuch

defaults:

  collections: [pirckheimer]

  client: gemini-3.5-flash-lite

  evidence: grounding

  duckdb_root: $PDAI_COLLECTIONS

imports:

  pirck: fam:pirckheimer-briefwechsel/briefpartner-1520-1530

  kepler: fam:kepler-lex-naturae/lex-naturae

  karman: fam:karman-nachlass/korrespondenz

moved:

  ch03/kepler-cards: ch03/kepler-evidence

id

The project id, the first part of every reference name in the project. It consists of lower-case letters, digits 

and hyphens and begins with a letter. The id is declared, not derived from the folder name: the folder 

may be renamed or copied to another machine, and every reference to the project stays valid.

title

What the viewer shows in its list of notebooks.

main

The integrating notebook, by file name without extension. Without main , the first notebook in the 

project folder that lists chapters is taken.

defaults

Settings that every notebook of the project inherits. Here: the collection pirckheimer , the language 

model the query pipeline uses ( client ), the evidence mode of the pipeline, and the root folder of the 

corpus files.

imports

Short names for notebooks of other projects. With pirck , a 

block writes pirck/briefpartner-roster.roster  instead of the full name 

fam:pirckheimer-briefwechsel/briefpartner-1520-1530/briefpartner-roster.roster . Chapter 

6 explains names and short forms.

moved

Old names of renamed blocks or notebooks, each with its new name. Chapter 6 shows the rename of this 

example at work.

5.3 Which setting wins
A setting can be stated in three places: in the project’s defaults , in the front matter of a notebook under 

famulus: , and in the preamble of a block. The nearer statement wins:
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1. the block’s preamble,

2. the notebook’s famulus:  values,

3. the project’s defaults .

Chapter 3 of the companion project, for example, inherits the collection pirckheimer  from famulus.yml ; 

its block kepler-evidence  states collections: [kepler-prim]  and reads Kepler instead. The rule has 

one refinement: id , uses  and chapters  in a notebook’s front matter are properties of that notebook and 

are never inherited.

⟨/⟩ For famuli

The settings of a notebook are project.defaults  updated with the notebook’s own famulus:  mapping 

minus the keys id , uses  and chapters . For a subtask, the keys language , persons , lemmata , 

counting_mode , evidence , reading_doc , person_id , project , terms  and locked  are taken from the 

preamble if present, else from these settings. years  is read from the preamble only. client  is read from the 

settings only. Inside the orchestrator, explicit input then wins over a setting file, and a setting file over the 

Partitur’s default.

5.4 The integrating notebook
The integrating notebook names the chapters in its front matter, in the order in which they are read:

Specimen · Front matter of lehrbuch.fam

---

title: "Famulus Notebook: the examples of the book"

subtitle: "One chapter notebook for every chapter of the book that has examples"

famulus:

  id: lehrbuch

  chapters:

    - kapitel/ch01.fam

    - kapitel/ch02.fam

    - kapitel/ch03.fam

    - kapitel/ch04.fam

    - kapitel/ch06.fam

    - kapitel/ch07.fam

    - kapitel/ch08.fam

---

The list fixes the order in which the viewer shows the notebooks and in which famulus-notebook status  

reports them: first the integrating notebook, then the chapters as listed, then any other notebook of the 

folder. The integrating notebook may have blocks of its own. In the companion project it holds only the text 

that introduces the project.

A notebook’s own id is declared in its front matter ( famulus: id: ch06 ); the file name is only a fallback. 

The notebook key is the project id and the notebook id joined by a slash, lehrbuch/ch06 . It is the address 

of the notebook across projects and the second part of every reference name.

5.5 Making a project
famulus-notebook project new  makes a project folder with a settings file and one empty notebook, and 

enters the project in the project register:
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Specimen · A new project

$ famulus-notebook project new briefe --id briefe --title "Letters of 1522"

Projekt briefe in /private/tmp/briefe; Notebook briefe.fam

eingetragen in /tmp/fam-reg.yaml

$ find briefe -type f

briefe/briefe.fam

briefe/famulus.yml

$ cat briefe/famulus.yml

id: briefe

title: Letters of 1522

defaults:

  duckdb_root: $PDAI_COLLECTIONS

$ cat briefe/briefe.fam

---

title: "Letters of 1522"

famulus:

  id: briefe

---

The register is a list of project ids and folders. It lets the viewer and the runner find a project that lies outside 

the folders they search anyway, and it lets a block of one project read a result of another by its id. The 

register normally is ~/.config/famulus/projects.yaml ; the environment variable FAMULUS_PROJECTS  

names another file. The transcript above was made with a scratch register in /tmp , so the real register stayed 

untouched.

Projects under site/projekte/  and site/beispiele/  of the Famulus Notebook installation, and under the 

folders named in the environment variable FAMULUS_NOTEBOOKS , are found without registration. A project 

anywhere else is entered with

famulus-notebook project register <folder>

5.6 Old packages
Before projects, a notebook was a package: a folder with notebook.qmd , a settings file _famulus.yml  and 

a result folder log/ . Packages still load, so an old package is readable at once. The command

famulus-notebook project migrate <package> --to <folder> --id <project> --notebook <id>

turns it into a project. It writes famulus.yml  from _famulus.yml , renames notebook.qmd  to 

<notebook>.fam , moves every result into the store as version 1, wraps each artefact in its header (Chapter 

7) and compares the content’s checksum with the one the old package recorded. A mismatch is reported, 

never hidden. A block whose recorded input still matches its text stays current; every other block is marked 

stale. The old folder is removed only after every file has been copied, and --keep  keeps it anyway. The six 

case projects of Chapter 13 were migrated this way.
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In short

• A project is a folder with famulus.yml  and one or more .fam  notebooks, in the folder itself or in kapitel/ .

• The integrating notebook lists the chapters under famulus: chapters .

• Settings: block preamble before notebook famulus:  before project defaults .

• Project id and notebook id are declared; lehrbuch/ch06  is a notebook key.

• project new  makes a project, project register  enters one, project migrate  converts an old package.

✎ Exercise 5.1

Make a project briefe  with an integrating notebook and two chapter notebooks, kapitel/a.fam  and 

kapitel/b.fam . Which file lists the chapters, and in which order does famulus-notebook status briefe  

report the notebooks?

✎ Exercise 5.2

The project’s defaults  say collections: [pirckheimer] , the notebook’s front matter says 

famulus: collections: [karman-nachlass] , and a block says nothing about collections. Which collection 

does the block read? And if the block says collections: [kepler-prim] ?

6 Names and references
A result that another block, another project or a published page uses needs a name that stays valid. This 

chapter gives the grammar of these names, the short forms a notebook may use, the four ways of choosing 

a version, and what happens when a block is renamed.

6.1 The full name
Every block and every artefact has a reference name. Its full form has four parts and an optional selector:

fam:<project>/<notebook>/<block>.<artefact>[@<selector>]

For the count of Chapter 1:

fam:lehrbuch/ch01/first-count.count

fam:  marks a full name. lehrbuch  is the project id from famulus.yml , ch01  the notebook id from the 

notebook’s front matter, first-count  the block id and count  the artefact name from the block’s artefacts  

list. A block as a whole, without an artefact, is named fam:lehrbuch/ch01/first-count ; that is the form 

that depends_on  uses.

None of the four parts is a file path. The name survives when the project folder is moved, when the .fam  

file is renamed, and when the project is copied to another machine, because all four parts are declared in the 

files themselves.

6.2 Short forms
Inside a notebook, most references are short. A short form is completed from the notebook in which it stands:



Famulus Notebook 32

Table 5  Short forms of a reference and what they complete to.

You write It means

first-count.count the block first-count  in this notebook

ch01/first-count.count the notebook ch01  in this project

pirck/briefpartner-roster.roster the notebook that the short name pirck  stands 

for

fam:lehrbuch/ch01/first-count.count exactly this, from anywhere

A name with one slash is ambiguous in principle: ch01/…  could be a notebook of this project or a short 

name. The rule is that a short name wins. If the notebook has no short name ch01 , the name is read as a 

notebook of the same project.

6.3 Short names
A short name (alias) is declared in one of two places. imports  in famulus.yml  holds for every notebook 

of the project; uses  in a notebook’s front matter holds for that notebook and wins over imports . The 

companion project imports three case projects; Chapter 6 of it adds one short name of its own:

Specimen · Front matter of kapitel/ch06.fam

---

title: "Chapter 6: Names and references"

famulus:

  id: ch06

  uses:

    manuscripts: fam:karman-nachlass/korrespondenz@v1

---

A short name may carry a selector, like manuscripts  here. The selector then applies to every reference 

through that short name that does not state its own. A short name may also name a project without a 

notebook, fam:schoener-saphea ; it then stands for the integrating notebook of that project, or for its only 

notebook.

6.4 Reading another project
The first block of Chapter 6 counts the rows of the Kepler counter-check in another project, through the 

imported short name kepler :
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SOURCE

```{famulus}
---
id: from-kepler
collections: [kepler-prim]
display: kennzahl
partiturs:
- id: duckdb-read
input:
sql: |
SELECT count(*) AS n_sentences,

count(DISTINCT r.doc_id) AS
n_documents

FROM
read_json_auto('{{ref:kepler/lex-natura-

gegenprobe.gegenprobe}}')
AS f,

unnest(f.data.data.rows) AS t(r)
artefacts: …
---
How many sentences and documents does the
Kepler counter-check in
{{ref:kepler/lex-natura-gegenprobe.gegenprobe}}
contain?
```

RESULT

44 n_sentences

16 n_documents

Example 6.1. fam:lehrbuch/ch06/from-kepler  · v1 · unchecked

The counter-check has 44 sentences in 16 documents. The reference has no selector, so it reads the current 

version and the block will run again when the counter-check gets a new one.

6.5 Choosing a version
Every run that changes a result makes a new version of it, and old versions are kept (Chapter 7). A selector 

after @  chooses among them:

Table 6  Selectors.

Selector Chooses Use it when

@latest  (or none) the current version the block shall follow the result

@v3 version 3 the block shall keep reading 

what it read

@sha:3e891ae0 the version whose content has 

this checksum

a publication cites exactly one 

content

@locked the version recorded in 

famulus.lock

the project shall reproduce its 

last complete state

A pinned name reads one version and nothing else. The Kármán roster, read at version 1 by its full name:
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SOURCE

```{famulus}
---
id: from-karman
display: kennzahl
partiturs:
- id: duckdb-read
input:
sql: |
SELECT count(*) AS n_entries,

sum(e.count) AS n_letters
FROM
read_json_auto('{{ref:fam:karman-

nachlass/korrespondenz/karman-roster.roster@v1}}')
AS f,

unnest(f.data.data.entries) AS
t(e)

artefacts: …
---
How many correspondents and letters does
version 1 of the Kármán roster list?
```

RESULT

746 n_entries

2447 n_letters

Example 6.2. fam:lehrbuch/ch06/from-karman  · v1 · unchecked

The same effect through the short name manuscripts , which carries @v1 :

SOURCE

```{famulus}
---
id: via-alias
display: kennzahl
partiturs:
- id: duckdb-read
input:
sql: |
SELECT count(*) AS n_items
FROM
read_json_auto('{{ref:manuscripts/

manuskripte.bestand}}')
AS f,

unnest(f.data.data.entries) AS
t(e)

artefacts: …
---
How many items does the manuscript inventory
{{ref:manuscripts/manuskripte.bestand}} list?
```

RESULT

191 n_items

Example 6.3. fam:lehrbuch/ch06/via-alias  · v1 · unchecked

The roster lists 746 correspondents with 2,447 letters; the manuscript inventory lists 191 items. Neither figure 

will change when the Kármán project runs again, until someone changes the selector.

⟨/⟩ For famuli

A selector matches latest , locked , v<digits>  or sha:<4–64 hex> ; anything else is refused with 

unbekannte Version @<x> (latest, vN, sha:…, locked) . @locked  falls back to the current version 

when the lock has no entry for the name. @sha:  is refused with keine Version mit sha:<x>  when no 

version has that checksum. A short name’s selector applies only when the reference itself says @latest  or 

nothing. The full grammar is given in Appendix A.

6.6 Renaming a block
A block that other blocks, other projects or published pages use should keep its name. When a rename is 

needed anyway, the old name goes under moved  in famulus.yml , with the new name as its value:

moved:

  ch03/kepler-cards: ch03/kepler-evidence

A reference under the old name then resolves to the new block. The block old-name  still says 

ch03/kepler-cards.evidence :
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SOURCE

```{famulus}
---
id: old-name
collections: [kepler-prim]
display: kennzahl
partiturs:
- id: duckdb-read
input:
sql: |
SELECT count(*) AS n_sentences
FROM
read_json_auto('{{ref:ch03/kepler-

cards.evidence}}')
AS f,

unnest(f.data.data.rows) AS t(r)
artefacts: …
---
How many sentences does
{{ref:ch03/kepler-cards.evidence}} hold?
```

RESULT

3 n_sentences

Example 6.4. fam:lehrbuch/ch06/old-name  · v1 · unchecked

It reads the three sentences of Chapter 3. The old name works, but it should not stay, and the coherence 

check says so:

Specimen · The coherence check finds the old name

$ famulus-notebook check site/projekte/lehrbuch --ohne-termini

Urteil  lehrbuch/ch04 · count-golden  fail: n_correspondents: got 77, expected 75

Verweis  lehrbuch/ch06 · old-name  ref ch03/kepler-cards.evidence: ch03/kepler-cards 

heißt jetzt fam:lehrbuch/ch03/kepler-evidence.evidence (moved)

8 Notebooks geprüft: 2 Befunde

The second finding says that ch03/kepler-cards  “is now called” (heißt jetzt) 

fam:lehrbuch/ch03/kepler-evidence.evidence . The first finding is the intended disagreement of Chapter 

4. --ohne-termini  leaves out the check of terms against LWgrammar (Chapter 10). An entry of moved  

may also rename a whole notebook: ch03: kapitel3  sends every reference into ch03  to the notebook 

kapitel3 .

6.7 Names on other machines
A result on another machine is named by putting the machine’s peer name in front:

peer:<peer>/fam:<project>/<notebook>/<block>.<artefact>

Chapter 11 shows how a peer is declared and what it offers. The name of the result is the same on both 

machines; only the prefix says where to fetch it.

6.8 When a reference does not resolve
A reference that cannot be read or found stops the block before anything runs. The messages name the 

reference as written:
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Table 7  Messages for references.

Message Cause

Verweis nicht lesbar: <ref> the name breaks the grammar

<ref>: Artefaktname fehlt 

(<block>.<artefakt>)

a placeholder names a block without an artefact

<ref>: fam:-Verweis braucht <projekt>/

<notebook>/<block>.<artefakt>

a full name with too few parts

unbekanntes Projekt <id> (famulus-notebook 

project register <ordner>)

the project is not found

Projekt <id>: kein Notebook <nb> the notebook is not in the project

Projekt <id> hat <n> Notebooks; uses muss 

<projekt>/<notebook> nennen

a short name names a project with several 

notebooks and no integrating one

A reference that resolves to a block without any version is not an error at reading time. The block that uses 

it waits: hängt an <ref>, dort liegt noch keine Version .

In short

• Full name: fam:<project>/<notebook>/<block>.<artefact> ; a block alone omits .<artefact> .

• Short forms are completed from the notebook: same notebook, same project, or a short name from imports  

or uses .

• Selectors: @latest , @vN , @sha:… , @locked .

• moved  keeps an old name readable; check  reports every use of it.

• peer:<peer>/  in front names the same result on another machine.

✎ Exercise 6.1

Write the full names of first-count.count  as used in ch02.fam , of ch01/first-list.partners  as used 

in ch04.fam , and of pirck/briefpartner-roster.roster  as used anywhere in the companion project.

✎ Exercise 6.2

The block star  of Chapter 3 draws from pirck/briefpartner-roster.roster . Pin it to the version it read. 

Which selector do you use if you know the version number, and which if you want the version recorded in 

the lock?

✎ Exercise 6.3

Rename the block letters-by-year  of Chapter 3 to year-table  without breaking peak-year , which reads 

it, or any page that cites it. What do you change, and what does famulus-notebook check  report afterwards?

7 Versions and smart refresh
Notebooks change. A year range is corrected, a query is sharpened, a register gets a new volume. This chapter 

explains what the runner keeps when a block runs again, how it decides what must run, and how a reader 

of a result chooses between following it and staying with what it read.

7.1 The header of an artefact
Every artefact file in the store begins with a header, the envelope, that says what the file is and where it came 

from. The data follow under data :
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Specimen · The artefact span.json of ch07/span, version 2 (data shortened)

{

  "famulus": {

    "ref": "fam:lehrbuch/ch07/span.span",

    "version": 2,

    "sha256": "f9c788f58ae171d848f9db40c9f969df74be20c8e6d7232ae86a5c380a146387",

    "created": "2026-09-23T20:41:23+00:00",

    "produced_by": {

      "notebook": "lehrbuch/ch07",

      "block": "span",

      "input_hash": "d4f411f233f9811e",

      "partitur": "duckdb-read",

      "model": ""

    },

    "derived_from": []

  },

  "data": {

    "artifact_type": "table",

    "data": { "columns": ["n_letters"], "rows": [{"n_letters": 354}], … }

  }

}

ref

The artefact’s full name, including the artefact name.

version , sha256

The version number and the checksum of the content under data .

created

When this content was first made.

produced_by

The notebook and block, the hash of the input that produced the content, the Partitur that ran, and the 

language model it used. A local step such as duckdb-read  uses no model, so model  is empty.

derived_from

The artefacts, with version and checksum, that the block read. span  reads none; follows  below reads 

span  at version 2.

A file that carries its own name and origin can be copied, mailed or published without losing what it is. A 

reader that finds the file on its own still knows which block made it, from what, and with which model.

7.2 When a version is made
A run makes a new version only when the content changes. The content is that of the declared artefacts: their 

data are compared, checksum against checksum, with those of the current version. A block that declares no 

artefact has nothing to compare, and every run replaces its one version; declare an artefact for every result 

that should keep a history. The same holds after a failed run, which writes no artefact (Chapter 4): the next 

run that passes writes into the version the failure left. The block span  counts the letters dated between 1520 

and 1530:
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SOURCE

```{famulus}
---
id: span
display: kennzahl
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
-- letters with a year in the
register's date field

-- (the register dates letters by
date_when)

SELECT count(*) AS n_letters
FROM letters_resolved
WHERE TRY_CAST(left(date_when, 4) AS
INTEGER) BETWEEN 1520 AND 1530

artefacts: …
---
How many letters does the register date between
1520 and 1530?
```

RESULT

354 n_letters

Example 7.1. fam:lehrbuch/ch07/span  · v2 · unchecked

Its history has two versions. Version 1 counted the years 1520 to 1524 and found 132 letters; the range was 

then widened to 1530, and version 2 found 354. The store keeps both:

_famulus/store/ch07/span/current.json

_famulus/store/ch07/span/v0001/…

_famulus/store/ch07/span/v0002/…

The file current.json  says which version is current, and since when:

{"version": 2, "since": "2026-09-23T21:07:46+00:00"}

The since  is later than the created  of the envelope above, because the block has run again since then 

without changing its content.

Here is such a run. A comment is added to the SQL, which does not change what the query counts:

Specimen · A comment is added to ch07/span

$ famulus-notebook status site/projekte/lehrbuch/kapitel/ch07.fam --why

veraltet  ch07/span     v2     pass

          Präambel, Instruktion oder Voreinstellungen verändert

wartet    ch07/follows  v2     pass

          wartet auf fam:lehrbuch/ch07/span

aktuell   ch07/stays    v1     pass

lehrbuch: 3 Blöcke, 2 nicht aktuell

$ famulus-notebook refresh site/projekte/lehrbuch

…

How many letters does the register date between 1520 and 1530? — läuft

How many letters does the register date between 1520 and 1530? — ohne Oracle, v2 

unverändert

Report the figure in span.span, at its latest version. — aus dem letzten Lauf

Report the figure in span.span@v1, at version 1 only. — aus dem letzten Lauf

…

lehrbuch: 1 Blöcke gelaufen: lehrbuch/ch07/span

status --why  names the reason: the preamble, instruction or settings changed. span  is stale (veraltet); 

follows , which reads it, waits (wartet). refresh  runs span , finds the same 354 letters, and keeps version 
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2 (v2 unverändert, “v2 unchanged”). Because the content is the same, follows  has nothing new to read and 

is taken over from its last run. The cascade stops where results stop changing. The lines marked …  stand for 

23 further blocks, of this project and of the two projects refreshed first, each taken over from its last run.

A second edit changes the range to 1520–1527. It is a real change of the query, and still the result stays the 

same, because the register has no letter after 1527 (Chapter 3):

Specimen · The range of ch07/span is narrowed to 1527

$ famulus-notebook refresh site/projekte/lehrbuch

How many letters does the register date between 1520 and 1530? — läuft

How many letters does the register date between 1520 and 1530? — ohne Oracle, v2 

unverändert

lehrbuch: 1 Blöcke gelaufen: lehrbuch/ch07/span

The instruction still says 1530; the event line quotes it. The edit was taken back afterwards, so the book’s 

example shows the range 1520–1530.

7.3 The four states
famulus-notebook status  reports every block in one of four states:

Table 8  States of a block.

State Meaning What refresh does

aktuell (current) preamble, instruction, settings, 

files read and versions read are 

those of the last run

nothing

veraltet (stale) at least one of them differs; 

--why  says which

runs the block

fehlt (missing) the block has never run runs the block

wartet (waiting) the block is current, but a block 

it reads with @latest  is not

runs it only if the producer’s 

result changes

The reasons that --why  gives are these:

• noch kein Lauf: no run yet;

• letzter Lauf endete mit Fehler: the last run ended with an error;

• Präambel, Instruktion oder Voreinstellungen verändert: preamble, instruction or settings changed;

• gelesene Datei verändert: a file the block reads, such as an attached database, changed;

• neu gelesen: <ref>: the block reads a result it did not read before;

• <ref>: v1 → v2: a result the block reads has a new version;

• nicht mehr gelesen: <ref>: the block no longer reads a result;

• wartet auf <ref>: waits for the named block.

A block is current when the hash of all its inputs equals the hash recorded by its last run. The input hash 

covers the text of the preamble and the instruction, the settings the block inherits, the files it attaches, and 

the version and checksum of every result it reads.

7.4 Following and staying
Two blocks read span . follows  reads it without a selector and so follows every new version; stays  pins 

version 1:
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SOURCE

```{famulus}
---
id: follows
display: kennzahl
partiturs:
- id: duckdb-read
input:
sql: |
SELECT r.n_letters AS seen_letters
FROM
read_json_auto('{{ref:span.span}}')
AS f,

unnest(f.data.data.rows) AS t(r)
artefacts: …
---
Report the figure in {{ref:span.span}}, at its
latest version.
```

RESULT

354 seen_letters

Example 7.2. fam:lehrbuch/ch07/follows  · v2 · unchecked

SOURCE

```{famulus}
---
id: stays
display: kennzahl
partiturs:
- id: duckdb-read
input:
sql: |
SELECT r.n_letters AS seen_letters
FROM
read_json_auto('{{ref:span.span@v1}}')
AS f,

unnest(f.data.data.rows) AS t(r)
artefacts: …
---
Report the figure in {{ref:span.span@v1}}, at
version 1 only.
```

RESULT

132 seen_letters

Example 7.3. fam:lehrbuch/ch07/stays  · v1 · unchecked

When span  went from 132 to 354 letters, follows  became stale, ran, and made its own version 2 with 354. 

stays  was not touched: it still reads version 1 and still reports 132. A block that pins a version is never stale 

because of the block it reads, and never waits for it.

Follow a result when your block should always agree with it, as a table of a chapter agrees with the count 

it is built on. Pin a result when your block quotes a state, as a note that says what the figure was when a 

colleague reviewed it.

7.5 Refresh
famulus-notebook refresh  brings a project up to date. It runs exactly what is stale, producers before 

consumers:

1. first, every other local project that the project reads with @latest  or @locked , in the order of their own 

references;

2. then the project’s notebooks, a notebook that another reads before the reader;

3. within a notebook, blocks in the order of their references.

A dry run shows the plan without running anything:
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Specimen · Refresh as a dry run, with ch07/span stale

$ famulus-notebook refresh site/projekte/lehrbuch --dry-run

zuerst Projekt kepler-lex-naturae

zuerst Projekt pirckheimer-briefwechsel

liefe: fam:lehrbuch/ch07/follows

liefe: fam:lehrbuch/ch07/span

lehrbuch: 2 Blöcke liefen

The companion project reads the Kepler and Pirckheimer projects with @latest , so they come first (zuerst 

Projekt). It reads the Kármán project only at version 1, so the Kármán project is not refreshed. Of the 

companion project’s own blocks, span  and follows  would be looked at (liefe, “would run”). The dry run 

lists the waiting block too; whether it actually runs depends on the result of span , which a dry run does not 

compute. --nur-projekt  (“this project only”) leaves the other projects alone.

The key rerun  in a block changes the rule for that block:

rerun: if-stale

The default: run when stale. if-missing  is an older spelling of the same.

rerun: always

Run on every refresh, stale or not; for a block that reads a source outside the notebook’s knowledge.

rerun: never

Never run; take the last result over. For a result that took a long time or used a paid model 

and must not be made again by accident. A block with rerun: never  and no result fails with 

rerun never, aber kein Log .

famulus-notebook run … --force  runs the selected blocks regardless of their state.

7.6 The lock
After every run the runner rewrites famulus.lock  beside famulus.yml . It records, for every block, the 

input hash, the verdict, the version, the results it consumed and the results it produced:

Specimen · Two entries of famulus.lock

  ch07/span:

    input_hash: 9ec37fe13bdebe8f

    status: pass

    version: 2

    consumes: []

    produces:

    - name: span

      version: 2

      sha: f9c788f58ae171d8

  ch07/stays:

    …

    consumes:

    - ref: fam:lehrbuch/ch07/span.span@v1

      version: 1

      sha: 8fe937c252b32a0d

The input hash in the lock is that of the latest run; the envelope keeps the input hash of the run that first made 

its content. Here they differ, because the comment edit ran span  again with a new input and an unchanged 

result.
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The lock is the project’s statement of which result was computed from which. Commit it with the project, 

and a reader can check every figure against it. A block that reads @locked  reads the version recorded here, 

which makes a whole project reproduce its last complete state while newer versions exist.

⟨/⟩ For famuli

current.json  is {"version": N, "since": <timestamp>} . A version folder is vNNNN/  with 

manifest.json , report.json , result.json , verdict.json  and artefacts/ . An unchanged rerun 

rewrites the manifest’s input hash but not the artefact file, so the envelope’s created  and input_hash  belong 

to the run that first made the content. Compare sha256  values, not timestamps, to decide whether two results 

are the same.

In short

• Every artefact carries an envelope: its name, version, checksum and origin.

• A run makes a new version only when the content changes; old versions are kept.

• States: current, stale, missing, waiting; status --why  names the reason.

• @latest  follows new versions, @vN  stays.

• refresh  runs what is stale, producers first, and stops where results stop changing; --dry-run  shows 

the plan.

• famulus.lock  records which result was made from which.

✎ Exercise 7.1

You change the SQL of ch03/letters-by-year  so that it also counts letters without a direction. Predict the 

states of letters-by-year  and peak-year  after the edit, and after a refresh in which the table changes but 

the busiest year stays 1525.

✎ Exercise 7.2

Read the lock entry of ch07/stays . Which version of which artefact did it read, and how would you check 

that the file in the store is the one the lock names?

✎ Exercise 7.3

Give one reason for rerun: never  and one for rerun: always , each with an example from this book.

8 Scope and data
A count is a count of something: of letters in a register, of sentences in a language, of lemmata in one mode 

of counting. This chapter shows how a block states what it reads, how it attaches data files, and three rules 

of counting that decide whether two figures can be compared.

8.1 Collections and years
The collection is the corpus a block reads: pirckheimer  for the Pirckheimer correspondence, kepler-prim  

for Kepler’s works, karman-nachlass  for the Kármán papers. A collection is a folder under the corpus root; 

the environment variable PDAI_COLLECTIONS  names that root, and a notebook writes $PDAI_COLLECTIONS  

wherever a path to it is needed. A block names its collections as a list:

collections: [kepler-prim]

For a subtask, the list tells the query pipeline where to look. For a local step, it is a statement for the reader; the 

SQL decides what is read. The key years  states a range, years: {from: 1520, to: 1530} , and is passed 

to the pipeline as the first and last year of the question.
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A question can itself name a corpus, as in “How did Kepler use lex naturae?”. The key locked: true  tells 

the pipeline that the block’s collections win over any corpus the question names; a mismatch is reported, 

not followed. The other scope keys pass further context to the pipeline unchanged:

Table 9  Scope keys for a subtask.

Key Passed as

language the language of the texts to be read

persons persons the question is about

lemmata lemmata to be counted; requires counting_mode

counting_mode how lemmata are counted (below)

terms terms the question is about

evidence the kind of evidence the pipeline returns

reading_doc the document the reader has open

person_id , project who asks, and in which project

locked whether the collections win over the question

A key missing in the preamble is taken from the notebook’s settings or the project’s defaults  (Chapter 5). 

The companion project sets evidence: grounding  in its defaults, so every subtask of the project passes it.

8.2 Data files
A local step reads databases through the key duckdb , a list of attachments:

duckdb:

  - alias: main

    path: $PDAI_COLLECTIONS/kepler-prim/kepler-prim_stanza.duckdb

    read_only: true

The attachment named main  is opened as the default database, so its tables are named without a prefix: 

stz_sentences . Every other attachment is attached under its alias, and its tables are named with it: 

stz.stz_sentences . Files that are not databases, such as the Parquet file of a lemma index, are read in the 

SQL itself with read_parquet('…') , and $PDAI_COLLECTIONS  is replaced there as well.

Every attachment is opened read-only, and the connection is closed as soon as the query is done. A notebook 

never writes to the corpus. An attached file that does not exist stops the block with the missing path as the 

reason, before the query runs.

⟨/⟩ For famuli

duckdb  entries: alias  (a Python identifier, default main ), path  (absolute or with $PDAI_COLLECTIONS ), 

read_only . Only files ending in .duckdb  or .db  are attached; any other entry is skipped without a 

message, so do not rely on a Parquet attachment: read it with read_parquet . The corpus root defaults to 

/Volumes/PDAI-1/pdai-collections  when PDAI_COLLECTIONS  is not set. A remote read (Chapter 11) is 

stricter: one statement, SELECT  or WITH  only, paths inside one collection, no external file access.

8.3 Two languages in one collection
The Kepler edition prints Kepler’s Latin together with a German editorial apparatus, and parts in other 

languages. Stanza, the language analyser that built the sentence table, assigns each sentence a language:
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SOURCE

```{famulus}
---
id: languages
collections: [kepler-prim]
display: tabelle
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
SELECT lang, count(*) AS sentences
FROM stz_sentences
GROUP BY lang
ORDER BY sentences DESC

artefacts: …
---
How many sentences of the Kepler edition does
Stanza assign to each language?
```

RESULT

lang sentences

la 325,702

de 137,435

fr 14,375

en 9209

Example 8.1. fam:lehrbuch/ch08/languages  · v1 · unchecked

Of 486,721 sentences, 325,702 are Latin and 137,435 German. A count of Kepler’s use of a word that does 

not filter by language mixes his text with the edition’s apparatus. Every Kepler block of this book therefore 

restricts its reading to lang = 'la' . The language filter is the first rule of comparable counts.

8.4 What identifies a sentence
The second rule concerns the sentence key. In the sentence table, a sentence is numbered within its page: 

sent_idx  starts again at 0 on every page pidx  of every document doc_id . A sentence is therefore identified 

by the triple (doc_id, pidx, sent_idx) :

SOURCE

```{famulus}
---
id: sentence-key
collections: [kepler-prim]
display: kennzahl
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
SELECT count(*) AS n_rows,

count(DISTINCT (doc_id, pidx,
sent_idx)) AS n_by_page_key,

count(DISTINCT (doc_id,
sent_idx)) AS n_without_page

FROM stz_sentences
WHERE lang = 'la'

artefacts: …
---
How many Latin sentences are there, counted by
the key (doc_id, pidx, sent_idx), and how many
remain if the page index pidx is left out of
the key?
```

RESULT

325,702 n_rows

325,702 n_by_page_key

5357 n_without_page

Example 8.2. fam:lehrbuch/ch08/sentence-key  · v1 · unchecked

Counted by the triple, the Latin sentences are 325,702, one per row. Counted without the page index they 

collapse to 5,357, because sentence 50 of every page of a document becomes one and the same “sentence 50” 

of that document. A join on such a key does worse than undercount: it pairs sentences of different pages 

and invents co-occurrences that are not in any text. The evidence list of Chapter 3 shows the triple for this 

reason, kgw-01 · 190 · 0 .

8.5 Counting lemmata
The third rule concerns the counting mode. A lemma is the dictionary form under which the analyser files 

every inflected form: legem, legis, leges are all counted under lex. Whether a related word counts as well is a 

decision, and it changes the result:
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SOURCE

```{famulus}
---
id: counting-modes
collections: [kepler-prim]
display: kennzahl
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
WITH la AS (
SELECT doc_id, pidx, sent_idx FROM
stz_sentences WHERE lang = 'la'

),
s AS (
SELECT t.doc_id, t.pidx, t.sent_idx,

bool_or(t.lemma = 'lex') AS
has_lex,

bool_or(t.lemma = 'natura') AS
has_natura,

bool_or(t.lemma = 'naturalis')
AS has_naturalis

FROM
read_parquet('$PDAI_COLLECTIONS/kepler-

prim/lemma_index.parquet')
AS t

JOIN la USING (doc_id, pidx,
sent_idx)

WHERE t.lemma IN ('lex', 'natura',
'naturalis')

GROUP BY t.doc_id, t.pidx, t.sent_idx
)
SELECT count(*) FILTER (WHERE has_lex
AND has_natura) AS canonical,

count(*) FILTER (WHERE has_lex
AND (has_natura OR
has_naturalis))
AS family_adj

FROM s
artefacts: …
---
In how many Latin sentences of Kepler do lex
and natura occur together (counting mode
canonical), and in how many if the adjective
naturalis counts as well (family+adj)?
```

RESULT

44 canonical

53 family_adj

Example 8.3. fam:lehrbuch/ch08/counting-modes  · v1 · unchecked

Counted by lemma alone (mode canonical ), lex and natura occur together in 44 Latin sentences. If the 

adjective naturalis counts as a member of the family of natura (mode family+adj ), the figure is 53. Neither 

figure is wrong; they answer different questions. A figure without its mode cannot be compared with any 

other figure.

The rule is therefore enforced: a block that names lemmata  must name its counting_mode , or it stops before 

it runs with <id>: counting_mode fehlt bei der Lemma-Zählung  (“counting mode missing in the lemma 

count”). The modes in use are:

canonical

the lemma only; the analyser’s lemmatisation already covers the inflected forms;

family

the lemma and its listed variants;

family+adj

the lemma, its variants and the derived adjective.

Prefer canonical . Hand-made lists of variants tend to add back what the lemmatiser already covers, together 

with its errors.
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Specimen · The same count, two routes

The Kepler project of Chapter 13 counts sentences with lex and natura in two 

ways. The query pipeline, asked in mode canonical , reports 45 sentences in 16 doc

uments ( fam:kepler-lex-naturae/lex-naturae/lex-natura ). The direct reading of the lemma 

index, restricted to nouns and to Latin sentences, finds 44 in 16 documents 

( fam:kepler-lex-naturae/lex-naturae/lex-natura-gegenprobe ), the same 44 as the block above. Chapter 

13 follows the difference of one sentence up; the two blocks keep both figures and their routes side by side.

In short

• collections  names the corpus; years , language , persons , lemmata , terms  and the other scope keys 

are passed to the query pipeline.

• locked: true  makes the block’s collections win over a corpus named in the question.

• duckdb  attaches databases read-only; main  is the default database.

• Filter by language; key sentences by (doc_id, pidx, sent_idx) ; state the counting mode.

✎ Exercise 8.1

Change ch08/languages  so that it counts only the German sentences of the volume kgw-01 . Which column 

of stz_sentences  do you filter, and which value?

✎ Exercise 8.2

Explain the figure 5,357: what exactly is counted when the key leaves out pidx ? Write a query that computes 

it in a second way, document by document.

PART I I I

Working with others

9 Editing and annotating
A notebook is a text before it is a program. Its paragraphs explain what the blocks ask and why, and those 

paragraphs are revised like any other scholarly prose. This chapter shows how the viewer revises the text of 

a notebook: how a paragraph is chosen, how an instruction becomes a proposed wording, how the proposal 

is read and decided, and what reaches the .fam  file. The blocks themselves are not touched; Chapter 10 

treats them.

9.1 The viewer
The viewer of a notebook has three columns (Figure 4). On the left is the list of projects and their notebooks; 

the current notebook is marked. In the middle is the notebook itself, rendered as it will be read: headings, 

paragraphs, and for each block its state chip, its version, its instruction, its collapsed Partitur and its result. 

On the right is the side panel. It opens when a paragraph is chosen and closes with Esc .

The side panel shows one step at a time. Before a paragraph is chosen it is empty. When a paragraph is 

chosen, it shows the paragraph, a row of Partitur buttons, the engine that will write the proposal, a field 

for the instruction and the button Ausführen (run). While the proposal is written it shows the progress of 

the run. When the proposal is there it shows the review card. Nothing else is shown at any of these steps: 
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no second list, no statistics, no settings. The rule behind this layout is that every step shows what the next 

action needs, and one place to act.

Figure 4  Chapter 4 in the viewer with the first paragraph chosen. The pencil in the margin marks the chosen 

paragraph; the side panel shows the paragraph, the Partitur buttons, the engine, and the instruction field.

The viewer serves the same notebooks as the command line. It is opened at the address of the notebook 

service, http://127.0.0.1:5118/notebook , and a notebook is chosen in the list or named in the address: 

/notebook?nb=lehrbuch/ch08  opens Chapter 8 of the companion project. The revision itself is done by the 

Lektor, the editorial service ai-lektorat ; the viewer loads its layer into the page. Both services run on the 

same machine, and a request from that machine is the owner of every notebook without a login (Chapter 11 

treats other readers).

9.2 Choosing a paragraph
A paragraph is chosen in one of three ways:

• a click on the paragraph;

• a click on the pencil in its margin;

• a selection of words inside it, followed by Annotate selection, the small button that appears above the 

selection.

The first two choose the whole paragraph. The third chooses the paragraph and remembers the selected 

words. The instruction then applies to those words only; the viewer puts the selection in front of it,

Nur die Auswahl »A count that adds it answers a different question.« ändern: …

(“change only the selection”), and the proposal is still written for the whole paragraph, so that the sentence 

around the selection stays intact.

A paragraph whose review card is still open cannot be chosen a second time for a new annotation. A selection 

inside it goes into the open card as a further instruction (below), or the viewer asks to close the card first. 

Two competing proposals for the same paragraph never exist.

Only prose is chosen this way. Headings, the instruction of a block and its result belong to the block and 

have their own actions (Chapter 10).
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9.3 Writing an instruction
The row of buttons above the instruction field selects the Partitur card of the revision, the kind of work the 

Lektor is to do:

Überarbeiten (revise)

change what the instruction says and nothing else; the instruction is required;

Neu fassen (reformulate)

write a new wording of the paragraph under the style rules of the document;

Nachformulieren (reformulate onwards)

apply the style of the document to every later paragraph, from this one to the end;

Kommentar (comment)

store a remark without a proposal;

Regel (rule)

propose a rule of usage for the language institution LWgrammar (Chapter 10).

Most revisions are Überarbeiten. The instruction states what is to change, as an order to a copy editor would: 

Replace “mixes both” by “mixes Kepler’s text with the editors’ notes”. Change nothing else. The chip under the 

buttons names the engine that writes the proposal, here gemini · gemini-3.8-flash ; a click on it offers 

the other engine.

An instruction of the owner is a binding directive. The Lektor carries it out; it does not weigh it, soften it, or 

add a remark about the author or the text. A proposal that adds such a remark is rejected before it is shown 

(below).

9.4 The review card
After Ausführen the Lektor writes a proposal, the Lektor’s Fassung (German for “version of a text”; the viewer 

keeps the word). The side panel turns into the review card (Figure 5).

Figure 5  The review card for the first paragraph of Chapter 8. The paragraph shows the change inline: struck 

text in red, new text in green. At the top of the card are the three decisions; below them the result of the 

formulation check, the instruction, and the Fassung chip.

The card reads from top to bottom:
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1. The three decisions: Übernehmen (accept), Verwerfen (discard) and Weiter (next open paragraph), with 

every other action behind ⋯ . They are at the top, so that a decision never needs scrolling past a long text.

2. A line on the current Fassung: Aktuelle Fassung · 1 Änderung im Text markiert, one change marked in 

the text.

3. The result of the formulation check, the test every Fassung passes before it is shown (below).

4. The instruction, as a message of its author.

5. The Fassung chip: its number, its engine, and whether it is shown in the text (im Text).

6. A field for a further instruction, which produces the next Fassung.

The change itself is shown in the paragraph, not in the card. A fine correction marks the struck words 

and the new words in place, as in Figure 5, where both gives way to Kepler’s text with the editors’ notes. A 

reformulation that changes more than half of the words is shown instead as clean new text, with an Original 

chip beside it; the chip shows the old wording on hover and opens a window to compare the two. The old 

wording is never printed a second time in the paragraph.

⟨/⟩ For famuli

Fine correction and reformulation are told apart by the share of changed words: above 50 % the Fassung is a 

reformulation. The share is computed on words, not on characters, so a changed word counts once whatever 

its length.

9.5 The formulation check
Before the card shows a Fassung, the Fassung is checked against its source by LWgrammar, the language 

institution of the Famulus system. The check compares the statements of the source and the Fassung and 

reports four figures, visible in the card:

• Aussagen erhalten: the share of the source’s statements that the Fassung still makes;

• hinzugefügt: statements the Fassung makes that the source does not;

• Bewertungen: evaluative insertions, such as a judgement of the author or of the text;

• Register: the distance in register between source and Fassung.

A Fassung that loses statements, adds evaluations, or adds statements that no instruction asked for is 

zurückgewiesen (rejected). The Lektor gets one round to repair it; if the repair fails as well, the card says so 

and names the reason. There is no route by which an unchecked Fassung reaches the card.

An instruction can order a change of content, and the check takes the order into account. An order to strike 

licenses lost statements; an order to add, to complete or to cite licenses new ones; an order to replace one 

wording by another licenses both. What an order never licenses is an evaluation, a remark about the text, or 

a new term for an old one.

Specimen · A replacement, checked twice

The instruction Replace “answers a different question” by “counts something else”. Change nothing else. for the 

paragraph on counting modes of Chapter 8 was first checked by a guard that did not yet know replacements 

as a kind of order. The Fassung did exactly what was asked, and the check rejected it: Aussage hinzugefügt: 

A count that adds it counts something else. The card then offered Trotz Befund übernehmen, accept despite the 

finding (Figure 6).

After the replacement was added to the orders that license a changed statement, the next Fassung of the same 

paragraph passed: Formulierungsprüfung bestanden · Aussagen erhalten 100 % · hinzugefügt 1 · Bewertungen 0. 

The added statement is still reported, but it no longer blocks (Figure 7).
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Figure 6  A rejected Fassung. The card names the finding, and the first decision reads Trotz Befund übernehmen.

The instruction is decomposed into its goals as well, and each goal is checked on its own: a phrase to strike 

must be gone, a phrase to replace must be replaced by the given words, a citation must be present, and a 

paragraph that ended with a full sentence must still do so. A goal that cannot be checked mechanically, such 

as Change nothing else., is marked as unchecked: the reader of the card checks it.

9.6 A second round
The field at the bottom of the card takes a further instruction. It adds to the instructions given so far, and the 

Lektor writes the next Fassung from all of them (Figure 7). The earlier Fassung stays in the card, collapsed, 

with its number, its engine and a link anzeigen (show). A long chain of rounds shows only the last two; the 

older ones are reached by paging.

Figure 7  The second round. Under the first instruction and the collapsed Fassung 1 stands the further 

instruction and Fassung 2, which is now shown in the text; the formulation check passed.

Enter  in the field sends the instruction; Shift+Enter  breaks the line. The same is reached with the button 

Fassung 2 ↵, whose number counts on. A key is never the only way to an action.

9.7 Deciding
A Fassung is decided with one of the three buttons.
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Übernehmen writes the Fassung into the .fam  file in place of the old paragraph, renders the notebook again, 

and shows the card as decided (Figure 8): Übernommen V1, with a history of the paragraph from V0 Original  

over the instruction and the Fassung to the accepted version. The button Zurücknehmen (undo) restores the 

previous version; Wieder öffnen (reopen) makes the paragraph open for a new round. An accepted paragraph 

carries no open marker in the text, only a small version chip that opens its history.

Verwerfen discards the Fassung. The .fam  file is not changed, and the annotation is stored as rejected.

Weiter leaves the card open and moves to the next open paragraph.

Figure 8  The paragraph of Figure 5 after Übernehmen: the card shows the accepted version V1 and the history 

of the paragraph; the notebook was rendered again.

9.8 What reaches the file
Every annotation remembers where its paragraph stands in the .fam  file: a range of source lines, such as 

lines 9 to 11 of kapitel/ch08.fam . When a Fassung is accepted, the Lektor finds the paragraph again at 

that place, checks that the text there is still the text the annotation was made on, and replaces exactly those 

lines. Front matter, other paragraphs and every block stay byte for byte as they were.

Two consequences follow. First, an accepted revision of prose never makes a block stale: the text of a block, 

its preamble and its instruction are not part of the paragraph, so their checksums do not change, and after 

the first annotation of Chapter 8 was accepted all three blocks of the chapter were still aktuell. Second, a 

paragraph that was changed in the file since the annotation was made is not overwritten: the Lektor refuses 

to apply the Fassung and says that the paragraph was not found at its place.

⟨/⟩ For famuli

The rendered paragraph carries its source range in the attribute data-pos  (for example data-pos="9-11" ), 

and its identity in data-seg-id , the section slug and the ordinal of the paragraph within the section 

( two-languages-in-one-collection#2 ). An annotation is anchored by the source range and the stored 

text, never by the identity alone; the identity changes when a paragraph is inserted before it. The 

Lektor’s store is annotations.duckdb  of ai-lektorat , with the tables annotations , revision_runs  and 

segment_versions .
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In short

• Choose a paragraph by a click, by its pencil, or by selecting words in it.

• Choose a Partitur card; Überarbeiten carries out what the instruction says and nothing else.

• Every Fassung passes the formulation check before it is shown; orders to strike, replace, add, complete or 

cite license the change they order.

• A further instruction produces the next Fassung.

• Übernehmen writes the paragraph into the .fam  file, at its source lines, and leaves the blocks as they are.

✎ Exercise 9.1

Open Chapter 8 of the companion project in the viewer, select the words answers a different question in the 

paragraph on counting modes, and order a replacement of your own. Which goals does the card list for your 

instruction, and which of them are checked?

✎ Exercise 9.2

Order Neu fassen for the same paragraph. Is the Fassung shown as a fine correction or as a 

reformulation? What does the Original chip show? Discard the Fassung afterwards and check with 

famulus-notebook status lehrbuch  that nothing changed.

10 Refining and correcting
Chapter 9 revised the prose around the blocks. This chapter turns to the blocks themselves: how to see what 

a run did, how to correct a block that answers wrongly, how to tell the system what the next run should do 

differently, and how a correction of language becomes a rule for every later text. Three kinds of correction 

are distinguished, because they reach three different places:

Table 10  Three kinds of correction.

A correction of reaches by

one block its .fam  file editing the preamble or the 

instruction

the query pipeline its instructions an annotation and the learning 

loop

the language the rules of LWgrammar a rule proposal

10.1 What a run did
Under the result of every block is the fold Diagnose. Opened, it shows where the result came from and, for 

a subtask, the trace of the run (Figure 9). The first line names the Partitur that ran, the language model, the 

collections and the duration:

ai-query-phase1 · gemini-3.5-flash-lite · pirckheimer · 7617 ms

Below it the trace lists every stage of the pipeline in the order in which it ran, indented by its place in 

the Partitur: its name, the operation that carried it out, its grade and its time in milliseconds. The subtask 

of Chapter 2 runs about forty stages. Most take a few milliseconds; the time goes into the few that call a 

language model, here afm-query-extract  (2370 ms), normalize  (1268 ms) and intent-gate  (890 ms).
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Figure 9  The fold Diagnose of the subtask ch02/subtask-count : origin line and trace. Each row is a stage, 

with its operation, its grade and its time.

The trace answers two questions that a result alone cannot. The first is which route the question took: the 

row answer-from-register  with its child correspondence-roster  shows that the count was read from 

the register of letters and resolved to persons, not counted from a list of letters. The second is where time or 

quality went: a stage graded below the others, or a stage that took most of the time, is where to look first.

The grades are the pipeline’s own judgement of each stage. They are not the verdict of the block. The verdict 

compares the result with the oracle (Chapter 4); the last stage, goal-check , compares it with the pipeline’s 

internal statement of the goal. The two can disagree: in Figure 9 the block passed its oracle of 75, while 

goal-check  graded the run only ADEQUATE. The verdict is the one the notebook reports.
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⟨/⟩ For famuli

The trace is stored with every version of a sub

task, as _famulus/store/<notebook>/<block>/vNNNN/trace.json , and served at 

GET /api/notebooks/<notebook>/trace/<block> . A local step has no trace; its Diagnose shows only the 

origin line. The origin line is the field herkunft  of the artefact envelope: partitur , modell , sammlungen , 

dauer_ms , and peer  for a block that ran elsewhere (Chapter 11).

10.2 Correcting a block
A block that answers wrongly is corrected in its source. Its preamble states scope and plan; its instruction 

states the question. Either is edited in the .fam  file, and the next refresh  runs exactly the blocks whose 

source changed and the blocks that consume them (Chapter 7).

The most frequent correction is a sharper question. The golden question How many correspondents did 

Pirckheimer have between 1520 and 1530? is, taken alone, ambiguous between two readings: the number of 

persons in the register, and the number of named partners in the letters the pipeline finds. Asked alone, the 

pipeline takes the second reading:

Specimen · The golden’s question alone

The block count-there  of Chapter 11, with the golden question as its only sentence, routed to the letter list. 

It found 200 letters with 70 distinct correspondents, and the verdict against the oracle of 75 was abweichend 

(deviating). Its report named the mode of the answer: letter-list .

A second sentence states which reading is meant:

How many correspondents did Pirckheimer have between 1520 and 1530?

Count distinct persons in letters_resolved, resolved through ent_canonical.

With it the same block counts 75 and passes; the report names the mode roster . The sentence is part of the 

instruction, so it changed the block’s input; refresh  re-ran this block and no other (Chapter 11 prints the 

transcript). The subtask of Chapter 2 carries the second sentence for this reason.

The rule behind the correction is to correct the question, not the answer. An oracle is never adjusted to fit a 

result; a result that deviates is either a wrong answer to a clear question, which is a fault of the pipeline and 

goes to the learning loop (below), or a right answer to an unclear question, which is a fault of the block and 

is corrected in its instruction.

10.3 Running a block again
The button Neu ausführen (run again) under a block runs this block through the same path as 

famulus-notebook run  with the block’s name. A block that is current is not run a second time: it answers 

aus dem letzten Lauf (from the last run), and its version stays. A block becomes worth running again only 

when its source, its settings, its input files or a version it consumes has changed. To force a new run of a 

current block, for instance to see whether a changed pipeline answers differently, use the command line:

famulus-notebook run lehrbuch/kapitel/ch02.fam --block subtask-count --force

A forced run that yields the same data does not make a new version (Chapter 7); it replaces the log of the 

current one.

10.4 Telling the next run
A block whose answer is wrong though its question is clear points to the pipeline. The button Anmerken 

(annotate) under the block opens a field with the question Was soll der nächste Lauf anders machen?, what 

should the next run do differently (Figure 10). The note is sent with Senden.
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Figure 10  The field Anmerken under a block. The note states what the next run should do differently.

A note under a block is not a comment on the notebook. It is an annotation in the learning loop of the query 

pipeline: it is stored with the block’s question, its result and its verdict, and it waits there until the loop takes 

it up. A good note is therefore written for the pipeline, not for a reader: it names the stage or the step that 

went wrong and what it should have done.

Specimen · Two notes, one useful

The answer is wrong. — The pipeline learns nothing from it.

The count must be taken from the register, not from the letters found: the route was letter-list, it should be roster. 

— The loop can compare this with the trace and propose a change to the instruction of the stage that chose 

the route.

The loop works on the instruction of each stage, the text that tells a stage what to do. From a group of open 

annotations on one stage it proposes a changed instruction, an instruction version. The proposal is not taken 

on trust: an A/B gate runs the goldens once with the current instruction and once with the proposal, and the 

proposal becomes the new version only if it improves on the goldens and the share of passing goldens does 

not fall by more than one percentage point. A proposal that fails the gate is kept as rejected, with its reason; 

an accepted version can be rolled back.

The view Lernen (learning), reached from the foot of the notebook list, shows the state of the loop (Figure 11). 

Its three tabs list the annotations, the learning runs, and the instructions with their versions.
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Figure 11  The view Lernen: 1042 of 1890 annotations are open. The first entries are notes that the pipeline’s 

own goal check made automatically.

Specimen · The learning loop on 24 September 2026

The loop held 1890 annotations, 1042 of them open and 848 resolved. Most were not written by readers: 767 

were made automatically by the stage goal-check  when a run did not satisfy its internal goal, and the six 

newest of these concern the Pirckheimer count above, a run that passed its oracle. 29 stage instructions existed 

in 39 versions: 30 active, 6 rejected by the gate, 3 superseded. Of the versions, 21 were written by hand, 8 by 

an agent, 7 by the learning loop, 3 otherwise. The table of learning iterations, which records a full round of 

the loop, was empty.

The figures show what the loop is and what it is not. It is a store of notes with a gate that has rejected six of 

39 versions. It is not yet a system that improves itself unattended: most open notes are automatic, and some 

of them contradict the verdict of the notebook.

The notes of this book’s companion project were not sent. A note made to try the button is a note the loop 

has to work through, and it stands beside the notes of real readers. Send a note only when it says what a run 

should do differently.
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10.5 From a correction to a rule
Some corrections of language are not about one paragraph. When the owner corrects the same confusion 

twice, for instance fact where a statement is meant, the correction is a rule of usage, and it belongs to 

LWgrammar, the language institution of the system, where every later text is checked against it.

The Partitur card Regel (rule) of the side panel (Chapter 9) takes an accepted revision, the original and the 

revised wording, and asks for the one general rule the revision enforces. The proposal has a statement, a 

positive and a negative example, the Lektor that owns it, and a detector that finds the confusion in a text. 

If no general rule is implied by the revision, the answer says so, and nothing is proposed. A proposal is 

submitted to the LWgrammar rule store with the annotation as its evidence.

A rule in the store has an identifier, such as R-GG-001  for the rule that only statements, not facts or states 

of affairs, are true or false, and a status: active, revised or revoked. A rule is never deleted. A correction by 

the owner revises or revokes it, and a revoked identifier is not given out again. The formulation check of 

Chapter 9 names the rules it applies: the rejection of the replacement there was reported under R-LG-024 , 

the rule against added statements.

In short

• Diagnose shows the origin of a result and, for a subtask, the trace: every stage, its operation, grade and time.

• The verdict is decided by the oracle, not by the pipeline’s own grades.

• Correct a block in its source, and correct the question, never the oracle.

• Neu ausführen runs a stale block; --force  runs a current one.

• Anmerken sends a note to the learning loop; the A/B gate decides which changed instruction is kept.

• Regel turns an accepted revision into a rule of LWgrammar, with a lifecycle.

✎ Exercise 10.1

Open the Diagnose of ch02/subtask-count . Which stage chose the route of the count, and which stage took 

the most time? Which stages called a language model?

✎ Exercise 10.2

Remove the second sentence of the instruction of ch02/subtask-count  in a copy of the companion project 

and run refresh . What does the Diagnose show as the route, and what is the verdict? Why does refresh  

run this block and no other?

✎ Exercise 10.3

Write the note you would send for the run of the first specimen of this chapter. Name the stage, the route it 

took, and the route it should have taken. Do not send it.

11 Coauthors and readers
So far one person worked on one machine. This chapter adds the others: a reader who comments, a coauthor 

who works on another machine, and the machines themselves, which offer each other their collections, their 

results and their query pipeline. It ends with a notebook that runs on a machine without any collection at all.

11.1 Owner and commentator
The Lektor knows two roles. The owner revises: he chooses paragraphs, gives instructions, and accepts or 

discards Fassungen. A commentator comments: he chooses a paragraph and writes a remark, and that is all he 

can do. The side panel shows each role only its own actions. The owner’s header offers Überarbeiten, Prüfung 

(review) and Kommentare (comments); the commentator’s offers Kommentar and Meine Notizen (my notes).
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A request from the machine the services run on is the owner, without a login. Every other request, including 

one that reaches the machine through the platform proxy, must sign in as the owner with a password, or 

come as a commentator through a share link. The owner creates share links with the chain icon at the top 

of the side panel: a name for the reader, a period of validity (30 days unless stated otherwise), and a link that 

opens the shared document as that reader. The link admits to one document and no other; after its period, 

or once the owner has withdrawn it, it answers that it is no longer valid. A commentator’s remark appears 

in the owner’s review as a ground for revision, beside the owner’s own instructions.

Share links are made for rendered documents, such as a paper under revision. A chapter of a notebook is 

not one of them: it is rendered by the notebook viewer, not by the Lektor, and a share link for it is refused 

with the reason Kommentatoren-Links gibt es nur für gerenderte Dokumente. A reader of a notebook reads its 

rendered site (Chapter 12) or works with it on his own machine, as a coauthor.

11.2 Peers
A coauthor works on his own machine, with his own notebook service. The services know each other as 

peers. A peer is a named Famulus service on another machine, and each machine lists the peers it calls 

in ~/.config/famulus/peers.yaml :

peers:

  mac-studio:

    kind: notebook

    endpoints:

      - http://100.102.189.23:5118

      - https://mac-studio.tail147011.ts.net/famulus-notebook

    token_env: FAMULUS_TOKEN_MAC_STUDIO

The kind says what the service is: notebook  for a notebook service, ai-query  for a query pipeline, 

lektorat , viewer  or mcp  for the others. The endpoints are the addresses under which the peer may be 

reached, in the order in which they are tried: the loopback address, the home network, a VPN, the tailnet, a 

public name. The first endpoint whose probe answers within 1.5 seconds is used, and the choice is kept for 60 

seconds. A laptop that moves between networks therefore keeps one file. token_env  names the environment 

variable that holds the token for this peer; the token itself is never written into the file.

The command peers  shows, adds and probes peers:

Specimen · Probing a peer

$ famulus-notebook peers probe mac-studio

  mac-studio http://100.102.189.23:5118: [Errno 61] Connection refused

  mac-studio https://mac-studio.tail147011.ts.net/famulus-notebook: antwortet

mac-studio: erreichbar über https://mac-studio.tail147011.ts.net/famulus-notebook

The first endpoint refused: the peer’s service listens on its own machine only, not on its tailnet address. The 

second, the peer’s name on the tailnet behind the platform proxy, answered, and is used.

A peer describes itself at /api/peer :
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Specimen · What a peer offers

{

 "service": "famulus-notebook",

 "version": "0.1.0",

 "machine": "studio-4.local",

 "engine": true,

 "notebooks": [

  "karman-nachlass/korrespondenz",

  "kepler-anima-vis/anima-vis",

  "kepler-lex-naturae/lex-naturae",

  "lehrbuch/lehrbuch",

  "…"

 ],

 "collections_root": "/Volumes/PDAI-1/pdai-collections",

 "capabilities": [

  "notebooks",

  "artefacts",

  "collections-read",

  "run-block",

  "partitur"

 ]

}

capabilities  lists what the peer does for others: list its notebooks ( notebooks ), hand out its artefacts 

( artefacts ), read its collections ( collections-read ), run a block ( run-block ), and run a Partitur 

( partitur ). engine: true  says that the query pipeline is installed there, so that subtasks can run.

11.3 Tokens
Between machines, every request carries a bearer token. The serving machine reads its token from 

the environment variable FAMULUS_TOKEN , or from the file named by FAMULUS_TOKEN_FILE , by default 

~/.config/famulus/token . The calling machine keeps the same token under the variable its peers.yaml  

names. A request without the token, or with a wrong one, is refused:

Table 11  Access from the second machine to the first, measured on 24 September 2026.

Request Answer

peer description, no token 401

peer description, wrong token 401

peer description, with token 200

read of a collection, no token 401

annotation, with token 403

documentation site, no token 200

Two lines of Table 11 need a word. The annotation is refused even with the token (403): notes to the learning 

loop are taken from the owner’s own machine only, so that a peer cannot fill the loop. The documentation site 

needs no token, because it holds no data. A machine inside a trusted tailnet may be admitted without a token 

by setting FAMULUS_TRUST_TAILNET=1  on the serving machine; the tailnet’s own addresses, 100.64.0.0/10, 

then pass.

A browser presents the token once, in the fragment of the address, …/notebook#token=… . The fragment 

never reaches a server or a log; the viewer sends it to the service a single time and receives a cookie in return.
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⟨/⟩ For famuli

Never write a token into a notebook, a peers.yaml , a log or a message. Read it from the file where it is kept, 

put it into the variable that token_env  names, and pass only the variable’s name.

11.4 Three ways to use a peer
A block uses a peer in one of three ways. It reads a collection that lies on the peer; it reads an artefact that the 

peer has produced; or it lets the peer run the whole block. The notebook zwei  (“two”) of the second machine 

shows all three. The second machine has no collections, no orchestrator and no query pipeline; every block 

reaches the first machine, the peer mac-studio .

11.4.1 Reading a collection

A duckdb  entry with the key peer  is read on the peer:

duckdb:

  - alias: main

    path: $PDAI_COLLECTIONS/pirckheimer/pirckheimer.duckdb

    peer: mac-studio

partiturs:

  - id: duckdb-read

    input:

      sql: |

        SELECT direction, count(*) AS letters FROM letters_resolved

        GROUP BY direction ORDER BY direction

The SQL travels to the peer, the peer runs it on its copy of the database, and the rows come back: 45 letters 

from Pirckheimer to others ( P_to_X ), 309 to him ( X_to_P ). The peer is strict about what it runs for others. 

A remote read is one statement, SELECT  or WITH ; every file it names lies inside the one collection; external 

file access is switched off; at most 5000 rows are returned; and a query is stopped after 30 seconds.

11.4.2 Reading a result

A reference with the prefix peer:<peer>/  names an artefact of the peer (a remote reference):

peer:mac-studio/fam:pirckheimer-briefwechsel/briefpartner-1520-1530/briefpartner-

roster.roster

When the block runs, the artefact is fetched and kept in the project, under _famulus/cache/extern/ , 

followed by the peer’s name and the artefact’s reference name:

_famulus/cache/extern/mac-studio/pirckheimer-briefwechsel/briefpartner-1520-1530/

briefpartner-roster/

    roster.json

    roster.source.json

The copy roster.json  is the envelope as the peer produced it, with its version and checksum. 

roster.source.json  records where it came from: the reference, the endpoint that answered, the time it 

was fetched, and the envelope’s header. The block roster-size  counts the entries of the copy and finds 75, 

the correspondents of the Pirckheimer project; the source record names version 1 of the roster.

A remote reference is fetched when the block runs, not when the notebook is checked: 

famulus-notebook check  does not follow references to peers. The copy in cache/extern  is what the block 

read; its source record is the evidence of which version that was.
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11.4.3 Running a block

The key engine  names a peer that runs the whole block (remote execution):

id: count-there

engine: mac-studio

subtask: correspondence-count

The block is sent to the peer’s /api/run-block . The peer runs it in a package of its own, made for this 

one block, and returns the log: result, verdict, report, manifest and trace. The caller stores the log in its own 

project, under its own reference name, fam:zwei/zwei/count-there.report , and records the peer in the 

report’s origin. Two things are not sent: a reference in the text of an instruction ( {ref:…} ), which names a 

file on the caller’s machine, and a Partitur step with a setting  file. A block that contains either is refused 

before anything is sent, with the reason.

11.5 Two machines at work
The notebook zwei  was run on the second machine, a Mac mini reached over the tailnet:

Specimen · Two machines

$ famulus-notebook run zwei/zwei.fam

How many letters of the Pirckheimer register go in each direction? — wartet

How many correspondents does the roster of the Pirckheimer project on t… — wartet

How many correspondents did Pirckheimer have between 1520 and 1530? — wartet

How many letters of the Pirckheimer register go in each direction? — läuft

How many letters of the Pirckheimer register go in each direction? — ohne Oracle, v1

How many correspondents does the roster of the Pirckheimer project on t… — läuft

How many correspondents does the roster of the Pirckheimer project on t… — ohne Oracle

How many correspondents did Pirckheimer have between 1520 and 1530? — läuft auf mac-

studio

How many correspondents did Pirckheimer have between 1520 and 1530? — wartet

How many correspondents did Pirckheimer have between 1520 and 1530? — läuft

How many correspondents did Pirckheimer have between 1520 and 1530? — abweichend

{"blocks": {"by-direction": "pass", "roster-size": "pass", "count-there": "fail"}}

$ famulus-notebook status zwei

aktuell   zwei/by-direction  v1     pass

aktuell   zwei/roster-size   v1     pass

aktuell   zwei/count-there   v1     fail

zwei: 3 Blöcke, 0 nicht aktuell

# the instruction of count-there gets its second sentence

$ famulus-notebook refresh zwei

How many letters of the Pirckheimer register go in each direction? — aus dem letzten 

Lauf

How many correspondents does the roster of the Pirckheimer project on t… — aus dem 

letzten Lauf

How many correspondents did Pirckheimer have between 1520 and 1530? — läuft auf mac-

studio

How many correspondents did Pirckheimer have between 1520 and 1530? — läuft

How many correspondents did Pirckheimer have between 1520 and 1530? — bestanden

zwei: 1 Blöcke gelaufen: zwei/zwei/count-there

$ famulus-notebook status zwei

aktuell   zwei/by-direction  v1     pass

aktuell   zwei/roster-size   v1     pass

aktuell   zwei/count-there   v1     pass

zwei: 3 Blöcke, 0 nicht aktuell
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The transcript repeats Chapter 10 on a second machine. In the first run, the block count-there  had the 

golden’s question as its only sentence; it ran on mac-studio , answered from the letter list, and deviated from 

the oracle. The second sentence of the instruction was added, and refresh  ran exactly this block, again on 

the peer. It passed. The other two blocks were taken from their last run. Because the failed run had written 

no artefact, the passing run wrote into version 1 (Chapter 7).

Appendix D gives the complete procedure for setting up a second machine, including the installation, the 

token, and the checks that must pass before the first remote run.

In short

• The owner revises; a commentator comments, through a share link for one rendered document.

• A peer is a named service in peers.yaml , with a kind, endpoints in the order they are tried, and the name 

of the variable holding its token.

• Between machines every request carries a bearer token; notes to the learning loop are taken only on the 

owner’s machine.

• A block reads a peer’s collection ( duckdb  with peer ), a peer’s artefact ( peer:  reference, copied to 

cache/extern ), or runs on the peer ( engine ).

✎ Exercise 11.1

Add a peer to your own peers.yaml  with two endpoints, the first of which cannot answer. Run 

famulus-notebook peers probe  and read which endpoint is chosen. How long does the probe of the first 

endpoint take at most?

✎ Exercise 11.2

Write a remote read that returns the number of letters per year from the Pirckheimer register. Which of the 

following would the peer refuse, and why: a second statement after a semicolon; a COPY  to a file; a join with 

a table of another collection?

✎ Exercise 11.3

The block count-there  ran on the peer. Where on the calling machine is its report stored, and what does the 

report name as its origin? Which field would change if the block ran locally?

PART I V

Publishing

12 From notebook to publication
A notebook is written to be run; a publication is written to be read. This chapter explains how the one 

becomes the other without a second source: how the runner turns a .fam  file into a Quarto page, what that 

page knows about its results, how a paper cites a result by name, and what a project must contain when it 

is handed on.

12.1 One source, a shadow copy
The notebook file ch03.fam  is the only source of Chapter 3′s notebook. It is never rendered directly. Quarto 

would not know where the results of its blocks lie, and a renderer that looked for them itself would have to 
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repeat the runner’s rules for versions and references. Instead the command build  writes a shadow copy: a 

.qmd  file with the same text as the notebook and one addition in its front matter.

Specimen · Building the companion project

$ cd site/projekte/lehrbuch

$ famulus-notebook build .

./_famulus/build/lehrbuch.qmd

./_famulus/build/ch01.qmd

./_famulus/build/ch02.qmd

./_famulus/build/ch03.qmd

./_famulus/build/ch04.qmd

./_famulus/build/ch06.qmd

./_famulus/build/ch07.qmd

./_famulus/build/ch08.qmd

The command names each shadow copy it wrote, one for every notebook of the project. They lie under 

_famulus/build/ , beside the store, and are rewritten on every build; nothing in that folder is edited by 

hand. The addition is the block famulus-build :

Specimen · The front matter of the shadow copy ch03.qmd (paths shortened)

---

title: "Chapter 3: Results and their display"

famulus:

  id: ch03

famulus-build:

  notebook: lehrbuch/ch03

  source: ~/…/site/projekte/lehrbuch/kapitel/ch03.fam

  blocks:

    letters-by-year: ~/…/lehrbuch/_famulus/store/ch03/letters-by-year/v0001

    peak-year: ~/…/lehrbuch/_famulus/store/ch03/peak-year/v0001

    places: ~/…/lehrbuch/_famulus/store/ch03/places/v0003

    star: ~/…/lehrbuch/_famulus/store/ch03/star/v0002

    kepler-evidence: ~/…/lehrbuch/_famulus/store/ch03/kepler-evidence/v0001

  refs: {}

---

notebook

The notebook’s name, project and notebook, as in a reference.

source

The .fam  file the copy was made from.

blocks

For every block, the folder of its current version in the store. The block places  has three versions; the 

copy points to the third, because current.json  names it (Chapter 7).

refs

Every reference written as a shortcode in the text, resolved to a file. Chapter 3 has none, so the map 

is empty.

The build decides which version a page shows; the renderer only reads what the build wrote. A page built 

today and rendered tomorrow therefore shows the versions that were current when it was built, even if a 

block has run in between. Build again before you render.
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The paths are absolute, because Quarto must find the files from wherever it runs. A shadow copy is therefore 

a product of one machine, like a compiled file. It is not handed on; it is rebuilt.

Relative links in the notebook, such as a link to famulus.yml , point from the chapter folder. The shadow copy 

lies elsewhere, so the build rewrites each relative link to point from the copy’s own folder to the same file.

12.2 Rendering
The shadow copy is an ordinary Quarto document. It is rendered by the Quarto extension famulus , which 

the site carries under _extensions/famulus/ . The extension does two things. It replaces every block, a 

code block of class famulus , by the question and the result of the version named in famulus-build , and it 

replaces every shortcode by the artefact it names.

In HTML the block becomes what the viewer shows (Chapter 3): the question, the Partitur folded under a 

summary line, the answer, the verdict as a chip, and the result in its display format. The formats kennzahl , 

liste , tabelle , hierarchische-tabelle , belegliste  and textkarten  are drawn by the extension 

itself; for netz  it writes the list of nodes and a note that the network is drawn in the viewer. A block that 

has never run is not left blank. The page says Noch kein Lauf.

In a PDF the extension is more modest. It writes the question and the answer as two paragraphs. The 

verdict, the Partitur and the table are left out. Rendering the Pirckheimer notebook to Typst on 24 September 

2026 produced four pages in which the roster’s answer appears with its Markdown marks unconverted, 

**75 distinct correspondents**  with the asterisks. This is a limit of the present extension, not of the 

notebook: the answer is written as plain text where it should be read as Markdown. A PDF that must show 

verdicts and tables is better made as this book was made (see below).

⟨/⟩ For famuli

The extension’s filter walks the document once. It reads famulus-build  from the front matter, finds every 

code block with the class famulus  or {famulus} , splits its text into preamble and instruction, and reads 

result.json  and the first artefact from the block’s version folder. The shortcode handler reads the resolved 

refs  entry; if the entry is missing it writes Verweis … ist nicht aufgelöst (famulus-notebook build). rather than 

guessing a file. Nothing in the filter calls the runner.

12.3 The site
The documentation site of Famulus Notebook is itself built from notebooks. Without a target, build  makes 

shadow copies of every project the site lists and writes them to site/lesen/<project>/ :

$ famulus-notebook build

14 Schattenkopien unter site/lesen/, _quarto.yml nachgeführt

It also keeps the site’s _quarto.yml  in step. Between marker comments it rewrites three lists, the files to 

render, the entries of the navigation bar and those of the side bar:

    # famulus-notebook build: Anfang render

    - lesen/karman-nachlass/korrespondenz.qmd

    - lesen/kepler-anima-vis/anima-vis.qmd

    …

    - lesen/schoener-saphea/saphea.qmd

    # famulus-notebook build: Ende render

Everything outside the markers is left as it is; the site’s own pages and settings belong to its author. The 

command render  builds the site and then calls quarto render  in the site folder. If Quarto is not installed 

it stops with the message quarto fehlt: https://quarto.org/docs/get-started/.

A single page can be rendered on its own, as any page of a Quarto project:
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$ cd site

$ quarto render lesen/pirckheimer-briefwechsel/briefpartner-1520-1530.qmd

Output created: ../../_site/lesen/pirckheimer-briefwechsel/briefpartner-1520-1530.html

12.4 Citing a result
A paper that uses a result should name it so that a reader can find it. The name is the reference of Chapter 

6, with the version:

fam:lehrbuch/ch07/span.span@v2

This names one file whose header (Chapter 7) states its checksum, the block that made it, the hash of that 

block’s input and the model that ran. The version pins the content; without @v2  the name means whatever 

is current when the reader looks. In prose, cite the version you read. A reader who finds a later version can 

compare the two with diff  (Chapter 7).

A page built by the runner can also show a cited artefact. The shortcode famulus  takes a reference and puts 

the artefact in its place:

{{< famulus briefpartner-roster roster >}}

{{< famulus fam:karman-nachlass/korrespondenz/karman-roster.roster >}}

The first form names a block of the same notebook and its artefact; the second names an artefact anywhere by 

its full reference. The build resolves each shortcode and records the file under refs  in famulus-build . The 

extension then writes a table for artefacts of the kinds table , roster-table , kwic  and citation-list , 

the text for markdown , and for every other kind a line with kind, reference, version and a link to the file.

12.5 How this book was made
This book does not use the extension. Its examples show the source of a block beside its result, which the 

extension does not do, and its PDF shows verdicts and tables, which the extension does not either. The book’s 

own filter reads a file examples.json  that a short program writes from the companion project:

$ ~/ai-mac-studio/development/famulus-notebook/.venv/bin/python tools/examples.py

The program is run with the notebook’s own interpreter and reads the project through the notebook’s own 

modules: the parser for the source lines of each block, the store for the current version, and status  for 

whether the block is current. Every entry of examples.json  carries the state of its block, and the program 

ends by printing the entries that are not current. It does not refuse to write them; the author reads the 

line before rendering. For this edition the line read nicht aktuell: keins, so every number in an example was 

produced by the run whose version the example names.

12.6 Handing on a project
A project is a folder. To hand it on, hand on the folder, with these parts:

famulus.yml

The project’s name, its notebooks and its defaults (Chapter 5).

*.fam  and kapitel/

The notebooks, the only source.

settings/

Setting files the blocks name.

_famulus/store/

Every version of every result, with current.json  per block.
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famulus.lock

For every block, the hash of its input, its status, its current version, the versions it consumed and the 

versions it produced.

Leave out _famulus/build/  and _famulus/cache/ : the one is rebuilt, the other refilled from peers.

The lock is written by the runner after every run. Its first line says so:

# famulus.lock: vom Harness geschrieben. Welche Version aus welcher entstand.

project: lehrbuch

written: '2026-09-23T21:16:08+00:00'

blocks:

  ch01/first-list:

    input_hash: 9da2ff307d73ade4

    status: pass

    version: 1

    consumes:

    - ref: fam:lehrbuch/ch01/first-count

      version: 1

      sha: 717a35a74de26986

    produces:

    - name: partners

      version: 1

      sha: c29ff7ae41f4e702

What does the lock prove? Less than one might hope, and exactly what it says. It proves that the version 

it names was computed from an input with the named hash, and from the named versions of other results 

with the named checksums. It does not prove that the registers still hold the same data: the hash covers the 

notebook’s text and the size and modification time of the local files a block reads, not their contents, and a 

collection on a peer is not covered at all (Chapter 14). A recipient who runs famulus-notebook status  on 

the folder learns which blocks are current on their own machine; a block whose register differs, or is missing, 

is reported stale with the reason. That is the honest use of the lock: not as a certificate, but as the statement 

against which a second run is compared.

In short

• build  writes a shadow copy per notebook; its famulus-build  front matter names the current version of 

every block and resolves every shortcode.

• Build again before rendering; shadow copies are machine-specific and are not handed on.

• The Quarto extension renders blocks and shortcodes; in HTML with verdict and display, in PDF as question 

and answer only.

• Cite a result by its reference with version, fam:p/n/b.a@vN .

• Hand on the project folder without build/  and cache/ ; the lock states which version came from which, 

and status  checks it on the new machine.

✎ Exercise 12.1

Run famulus-notebook build .  in the companion project, then run the block ch03/places  again with 

--force . Which folder does the shadow copy of ch03  name for places  before and after a second build? 

When would they differ?
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✎ Exercise 12.2

Write a paragraph for a paper that cites the number of letters of ch07/span  so that a reader can check it. 

Which part of the reference would you leave out if you wanted the reader always to see the current count, 

and why is that a poor choice for a paper?

13 A casebook of six projects
The chapters so far used a small companion project written for teaching. This chapter reads six projects that 

were written for research. Each asks a few related questions of one collection, and most check at least one 

answer against an oracle. For each project the chapter gives the question, the blocks, the results, and, where 

they can be had, independent counts made in the registers on the same day. Where the notebook and the 

register disagree, the disagreement is stated and not resolved by choosing one.

The results are those of examples.json , written on 24 September 2026 from the current versions; every 

block was current when it was read. The six projects are written in German, and their questions are quoted 

as they stand. The independent counts were made with short read-only DuckDB connections to the same 

register files.

13.1 Pirckheimer’s correspondents
The register letters_resolved  of pirckheimer.duckdb  holds 354 letters, all dated between 1520 

and 1527. Pirckheimer wrote 45 of them (direction P_to_X ); 309 are addressed to him. The project 

pirckheimer-briefwechsel  asks three questions of it: how many correspondents, who they were, and how 

the letters are distributed among them.

SOURCE

```{famulus}
---
id: briefpartner-zahl
years: {from: 1520, to: 1530}
subtask: correspondence-count
golden: golden-c782fab71c
display: kennzahl
oracle:
n_correspondents: 75

duckdb: …
artefacts: …
---
Wie viele Briefpartner hatte Pirckheimer
zwischen 1520 und 1530? Zähle verschiedene
Personen aus letters_resolved, aufgelöst über
ent_canonical.
```

RESULT

75 n_correspondents expected = 75

Example 13.1. fam:pirckheimer-briefwechsel/briefpartner-1520-1530/briefpartner-zahl  · v1 · passed

The golden golden-c782fab71c  expects 75, and the block passes. The roster that follows lists the same 75 

names; the most active correspondent is the town council of Donauwörth with 127 letters, then Erasmus 

with 21 and Klara Pirckheimer with 20:
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SOURCE

```{famulus}
---
id: briefpartner-roster
depends_on: [briefpartner-zahl]
years: {from: 1520, to: 1530}
display: tabelle
partiturs:
- id: query/historical/stage-one
setting:
settings/pirckheimer-1520-1530.setting.yaml

input:
subtask: correspondence-roster

artefact: roster
artefacts:
- name: roster
kind: roster-table
file: roster.json

---
Liste die Briefpartner Pirckheimers von 1520
bis 1530. Jede Zeile nennt den kanonischen
Namen, die Schreibvarianten und die Anzahl der
Briefe.
```

RESULT

name canonicalvariantskind countn_docs doc_idsfirst_datelast_date

Donauwörth, 

Bürgermeister 

und 

Rat 

von

true List 

{}

correspondent127 127 List 

{br965, 

br970, 

br967, 

br995, 

br991, 

br985,…

1525 1527

Erasmus, 

Desiderius

true List 

{}

correspondent21 21 List 

{br760, 

br762, 

br764, 

br776, 

br778, 

br782,…

1522 1525

Pirckheimer, 

Klara

true List 

{}

correspondent20 20 List 

{br779, 

br881, 

br884, 

br918, 

br910, 

br917,…

1523 1525

Schöner, 

Johann

true List 

{}

correspondent11 11 List 

{br814, 

br831, 

br837, 

br840, 

br872, 

br933,…

1524 1525

Pirckheimer, 

Sabina

true List 

{}

correspondent10 10 List 

{br830, 

br863, 

br877, 

br925, 

br940, 

br944,…

1524 1525

Grieninger, 

Johann

true List 

{}

correspondent9 9 List 

{br765, 

br844, 

br850, 

br879, 

br898, 

br906,…

1522 1525

… 69 more rows

**75 distinct correspondents** between 1520 and 1530 in 

the `pirckheimer` register (200 dated letters in scope). 

Most active: - **Donauwörth, Bürgermeister und Rat 

von** — 127 letter(s) (1525–1527) - **Erasmus, 

Desiderius** — 21 letter(s) (1522–1525) - **Pirckheimer, 

Klara** — 20 letter(s) (1523–1…

Example 13.2. fam:pirckheimer-briefwechsel/briefpartner-1520-1530/briefpartner-roster  · v1 · unchecked

The third block, briefpartner-netz , reads the roster by reference and draws a star around Pirckheimer 

with the letter count as the weight of each edge. It is a local step, artifact:d3-graph , and uses no model. 

Its answer says that it shows 60 of the 75 correspondents.
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Against the register. Counting the distinct persons opposite Pirckheimer in all 354 letters (the recipient 

when he writes, otherwise the sender) gives 77, not 75. No letter lacks the person. Which count underlies 

the golden’s 75 is not recorded with the golden. Until it is, bestanden on this block means agreement with 

the golden, not with the register.

The roster’s answer names its basis: 200 dated letters in scope. The register holds 354. The query mapper 

of the pipeline ends its statements with a limit of 200 rows, and the answer reports the limit as if it were 

the scope. The register dates its letters by year only, so which 200 letters a limit keeps depends on an order 

within the year that the register does not fix. Ordered by year and letter number, the first 200 letters have 

exactly 75 partners. The golden’s 75 may therefore be a product of the limit; the register does not say, and 

neither does the golden.

13.2 Schöner and the saphea
The project schoener-saphea  asks what Johann Schöner’s letters to Pirckheimer are about, which technical 

terms he uses when he describes sundials, and what the correspondence says about his Canones Sapheae. 

The register has 11 letters from Schöner, all addressed to Pirckheimer.

SOURCE

```{famulus}
---
id: schoener-gegenstand
years: {from: 1520, to: 1527}
subtask: letter-subject
golden: golden-b4544be016
display: textkarten
guard: {task: synthesize-answer, lang: de}
oracle:
n_letters: 11
subject_contains: saphea

duckdb: …
artefacts: …
---
Was ist der Gegenstand der Briefe von Schöner
an Pirckheimer zwischen 1520 und 1527? Gib eine
zusammenhängende Darstellung und die Briefzahl.
```

RESULT

These correspondence excerpts primarily feature 

letters from Schöner to an influential patron and 

magistrate (addressed as “herrligkeit,” and identified 

elsewhere as Willibald Pirckheimer), alongside related 

monastic and personal communications. A central 

topic is Schöner’s ongoing pursuit of a church benefice 

permutation involving Heroldsberg, Erenpach, and 

Bamberg, accompanied by expressions of anxiety over 

bureaucratic delays, gossip, and negotiations with local 

peasants and collators. Schöner also frequently 

discusses the acquisition, casting, and correction of 

astronomical and mathematical instrument matrices—

specifically concerning a device called a “saphea” and 

work with Johann Stüchs—as well as the dispatch of 

related treatises (canones cylindri and Canones 

Sapheae). In addition, the letters touch upon scholarly 

praise for Pirckheimer’s translation of Ptolemy and his 

civic virtue, personal financial or living arrangements, 

and concerns regarding religious and monastic 

hardships during the period, including the plight of 

nuns at St. Clare and local weather damage to crops.

Example 13.3. fam:schoener-saphea/saphea/schoener-gegenstand  · v1 · passed

The oracle requires 11 letters and a subject that contains the word saphea. Both hold, and the block passes. 

The block is checked by the formulation guard as well ( guard ), because its answer is a written summary.

The block declares an artefact of kind markdown  in the file gegenstand.md . The file contains a roster table 

with no entries; the summary itself is only in the answer. This has a consequence for versions (Chapter 

7). When the block ran again on 24 September, its answer was a different summary, but the artefact was 

unchanged, and the runner reported bestanden, v1 unverändert. A new text under an old version number is 

what the version rule forbids; here it follows from the block keeping its result where the rule does not look.
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SOURCE

```{famulus}
---
id: schoener-termini
depends_on: [schoener-gegenstand]
years: {from: 1520, to: 1527}
subtask: terminology-find
golden: golden-schoner-sundial-terms
display: liste
oracle:
terms: [saphea, horologium]

artefacts:
- name: termini
kind: kwic
file: termini.json

---
Welche technischen Termini gebraucht Schöner in
seinen Briefen, wenn er Sonnenuhren beschreibt?
Lege die Belege als KWIC ab, mit doc_id, pidx
und sent_idx.
```

RESULT

Name Zahl

horologium

saphea

instrumentum

umbra

**1 document(s)** matched via lemma/stanza index for: 

Query: Schöner, Johann, Schoner, Léger; lemmata: wenn 

AND als AND mit; in pirckheimer. - [pirckheimer/

korrespondenz] Nam et globos tam celi quam terrae 

composuit equatoriumque cum planetarum motu 

inpressit cum multis aliis chilindris, horologii…

Example 13.4. fam:schoener-saphea/saphea/schoener-termini  · v1 · passed

The terms block passes: of ten candidate terms, four are attested in the letters, and saphea and horologium are 

among them. The lemma decomposition that the pipeline records for the question is wenn AND als AND mit, 

three German function words taken from the instruction. The answer is right in spite of its recorded grounds.

The third block asks for statements about the Canones Sapheae and instructs the pipeline to report a gap if 

it extracts none. It has no oracle and runs with rerun: always . The pipeline reports 20 statements from 5 

authors in 9 letters. The persons it names as its query entities are Lucke, C. E., Wenner, Frank, Wienn: the 

German word Lücke of the instruction, matched against a person register of another collection. The viewer 

shows ohne Oracle, which is correct. The answer is not supported by its own grounding, and the notebook 

shows both side by side.

13.3 Kepler: lex and natura
The project kepler-lex-naturae  asks in which sentences of Kepler’s Latin works the lemmata lex and 

natura occur together, in counting mode canonical . The notebook records a register truth of 12 August 

2026, 45 sentences in 16 documents, and sets the oracle as floors.
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SOURCE

```{famulus}
---
id: lex-natura
lemmata: [lex, natura]
counting_mode: canonical
subtask: cooccurrence
display: textkarten
oracle:
n_sentences: {min: 15}
n_documents: {min: 16}

artefacts:
- name: kwic
kind: kwic
file: kwic.json

---
Sätze in Keplers lateinischen Schriften, in
denen die Lemmata lex und natura gemeinsam
vorkommen. Zählmodus canonical. Die
Register-Wahrheit der ungekappten Lesung ist 45
Sätze in 16 Dokumenten.
```

RESULT

16 document(s) matched via lemma/stanza index for: 

Query: Keplers, SCHRIFTEN; lemmata: lateinischen 

AND denen AND lex/legis AND natura/naturae; in 

kepler-prim.

• [kepler-prim/kgw-01] illam facio, quàm par est; nec 

si primi authores legem quandam suis ratiocinijs 

arbitrarijs à rerum natura sunt mutuati, propterea 

vicissim tota reliqua coelestium natura sese subjecit 

his eorum ratio

• [kepler-prim/kgw-01] Qui hoc affirmant, pars 

naturae coelorum consulentes, lege circulari hoc 

factum esse pronunciant: ut ita causa sit, cur ex 

descensu, nexus, et quodammodo prognatus fuerit 

contrarius ascensus.

• [kepler-prim/kgw-01] Moderator itaque totius 

naturae non in hoc Solem et Lunam ciet, ut 

deliquium jungat aequinoctio; sed ne Solem 

Lunamque non cieat, suâ quemlibet lege: non refugit 

deliquium jungere aequinoctio.

• [kepler-prim/kgw-06] Esto enim systema quàm 

optimè tensum, ad naturae leges hactenus explicatas, 

pulsentur G. a. et b. rogentur omnes homines, 

quotquot audiunt, utrum intervallorum horum sit 

majus, nescire se dicent; nec

• [kepler-prim/kgw-06] Haec cùm sit natura hujus 

sectionis, quae ad quinquanguli demon- strationem 

concurrit; cùmque Creator Deus ad illam 

conformaverit leges generationis; ad genuinam 

quidem et seipsâ solâ perfectam propor

• [kepler-prim/kgw-06] ligatis; et quemadmodum 

transpositis numeris pereat concentus, ita si 

Processus forenses et exsecutio potiores habeantur 

Legibus, si Magi- stratus prior aequitate, civitatis 

harmoniam turbari: id quid

• [kepler-prim/kgw-07] Vbi vt quisque pollet ingenio, 

ita plurimas apparentiarum diversitates salvat et 

efficit per unam ali-quam sibique perpetuò similem 

motuum formam, aut figuram corporum; 

demonstrationis suae methodum o

• [kepler-prim/kgw-07] Cùm verò in principio libelli, 

quando de Hypothesibus quaestio fuit, legem hanc 

praescripseris astronomo, vt non quidvis pro libitu 

ponat, sed positiones suas etiam comprobet Naturae 

consultis, quaero

• [kepler-prim/kgw-07] Ex adverso figura Elliptica 

itineris planetarij, legesque motuum, quibus talis 

figura, sapiunt potiùs naturam staterae seu 

necessitatem materialem, quàm conceptum et 

destinationem mentis, vt infra pat

• [kepler-prim/kgw-15] Sed catj religionis inventores 

dam; vel ut populo religionem persuaderent, utilem 

imperio, quam ipsj causarum peritj vilipenderent: 

Vel etiam contraria ratione, quae paulo longiore 

verborum ambitu ind

• [kepler-prim/kgw-15] Hanc pertinacissimis 

laboribus tantisper tractaui vt denique sese naturae 

legibus accommodet, itaque, quod hanc attinet, de 

Astro- nomia sine hypothesibus constituta gloriari 

possim.

• [kepler-prim/kgw-15] Nec ♄ est abscissor sua natura, 

sed imaginatione facultatis vitalis in nato homine, 

quae characterem caelestem in esse et fieri (·radice et 

directione·) in se suscepit, eumque ad finem vitae 

circumfer

• [kepler-prim/kgw-04] 1 per confermarmi 

maggiormente il possesso di grazia tanto pregiata da 

me, prego V. S. Ill.ma à fargli intendere per mia 

parte, come conforme alla credenza di sua Sig.ria 

Ill.ma ho demonstratione cert

• [kepler-prim/kgw-04] de legibus die Stelle an: 

Memento vero vim omnem atque motum a 

superioribus in nos descendentem, semper ad bonum 

suapte natura conducere.

• [kepler-prim/kgw-08] 104 Principiò non planè 

negabo, pestilentiam nonnullos Cometarum Naturae 

lege sequi, tunc nimirum, si cauda, quae defluxus est 

a capite, Terram contingit; id verò esset in 

coniunctione Cometae cum Sol

• [kepler-prim/kgw-08] Adeoque non erat opus 30 

Cometâ ad praesignificandum id, quod naturae 

legibus breui futurum praeuideri potuit: at ad ea, 

quae mortis eius occasione essent euentura, 136 

plane persuadeor nos à Cometa v

Example 13.5. fam:kepler-lex-naturae/lex-naturae/lex-natura  · v1 · passed
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The pipeline reports 45 sentences in 16 documents and passes. Its recorded lemma decomposition is 

lateinischen AND denen AND lex/legis AND natura/naturae: two words of the German instruction were taken 

as Latin lemmata. That the count is nevertheless right shows that a later stage ignores them; the recorded 

decomposition is still wrong.

The counter-check reads the same sentences without the pipeline. It is a local step that joins the lemma index 

with the sentence table on the triple ( doc_id , pidx , sent_idx ), the identity of a sentence, and keeps the 

Latin ones:

SOURCE

```{famulus}
---
id: lex-natura-gegenprobe
depends_on: [lex-natura]
display: tabelle
duckdb:
- alias: stz
path:
$PDAI_COLLECTIONS/kepler-prim/kepler-

prim_stanza.duckdb
read_only: true

- alias: lemma
path:
$PDAI_COLLECTIONS/kepler-prim/

lemma_index.parquet
read_only: true

partiturs:
- id: duckdb-read
input:
sql: |
WITH hits AS (
SELECT doc_id, pidx, sent_idx
FROM
read_parquet('$PDAI_COLLECTIONS/kepler-

prim/lemma_index.parquet')
WHERE lemma IN ('lex', 'natura') AND
upos = 'NOUN'

GROUP BY doc_id, pidx, sent_idx
HAVING count(DISTINCT lemma) = 2

)
SELECT s.doc_id, s.pidx, s.sent_idx,
s.text

FROM stz.stz_sentences AS s
JOIN hits AS h
USING (doc_id, pidx, sent_idx)

WHERE s.lang = 'la'
artefact: gegenprobe

artefacts: …
oracle:
n_sentences: {min: 15}

---
Lies dieselben lateinischen Sätze direkt aus
dem Lemma-Index und stz_sentences. Die
Satzidentität ist das Tripel (doc_id, pidx,
sent_idx).
```

RESULT

doc_id pidx sent_idx text

kgw-08 224 0 104 Principiò non planè 

negabo, pestilentiam no…

kgw-08 253 12 Adeoque non erat opus 30 

Cometâ ad praesignific…

kgw-11-1 43 2 Cum igitur harum septem 

circuli divisionum, res…

kgw-11-2 364 6 Longè enim abest, vt nos, 

147 qui sumus homines…

… 40 more rows

44 Sätze.

Example 13.6. fam:kepler-lex-naturae/lex-naturae/lex-natura-gegenprobe  · v1 · passed

It finds 44 sentences in 16 documents, one fewer than the pipeline and the recorded truth. The counter-check 

restricts both lemmata to nouns, and one might think that the missing sentence has one of them in another 

part of speech. It does not: without the condition the lemma index still gives 44, and so does the token table 

stz_tokens  of the sentence corpus. On 24 September 2026 the register therefore holds 44 such sentences by 

two independent routes. Where the pipeline’s 45 comes from is not recorded, and the notebook keeps both 

numbers until it is.

13.4 Kepler: from anima to vis
In the Mysterium Cosmographicum of 1596 a soul, the anima motrix, moves the planets. In a note to the second 

edition of 1621 Kepler writes that one should read Vis for Anima. The project kepler-anima-vis  uses the 

language institution LWgrammar, which holds meanings relative to author, work and period, and asks three 
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questions: which meanings it records, where the change is attested, and whether a passage can be placed by 

its language alone.

SOURCE

```{famulus}
---
id: bedeutungen
display: tabelle
partiturs:
- id: lwgrammar:lw_sense_history
input:
term_ids: anima,vis
author: kepler

artefacts:
- name: bedeutungen
kind: table
file: bedeutungen.json

oracle:
n_rows: {min: 2}

---
Datierte Bedeutungen von anima und vis bei
Kepler mit Werk, Zeitspanne und Zusammenhang
der Diskussion.
```

RESULT

author definitiondiscussion_contextearliest latest sense_idterm_idwork

kepler The 

moving 

soul 

(anima 

motrix) 

as 

the 

cause 

tha…

cosmography: 

the 

cause 

of 

planetary 

motion 

(Mys…

1596 1596 anima#kepler#motrixanima Mysterium 

Cosmographicum

kepler The 

moving 

power 

(vis 

or 

virtus 

motrix) 

in 

the 

…

celestial 

physics: 

the 

moving 

power 

in 

the 

body…

1609 1621 vis#kepler#motrixvis Astronomia 

Nova

2 n_rows.

Example 13.7. fam:kepler-anima-vis/anima-vis/bedeutungen  · v1 · passed

The first block is a local step, lwgrammar:lw_sense_history , and reads two dated meanings. The second 

reads the note itself from the sentence corpus:

SOURCE

```{famulus}
---
id: anmerkung-1621
depends_on: [bedeutungen]
display: belegliste
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
SELECT doc_id, pidx, sent_idx, text
FROM stz.stz_sentences
WHERE doc_id = 'kgw-08' AND pidx = 109
AND sent_idx BETWEEN 16 AND 22 AND
lang = 'la'

ORDER BY sent_idx
artefacts: …
oracle:
n_sentences: {min: 7}

---
Lies die lateinischen Sätze 16 bis 22 der Seite
109 von kgw-08.
```

RESULT

kgw-08 · 109 · 16

(3) Vnam esse motricem animam.]

kgw-08 · 109 · 17

Si pro voce Anima, vocem Vim substituas, habes 

ipsissimum principium, ex quo Physica Coelestis in 

Comment.

kgw-08 · 109 · 18

Martis 20 est constituta, et lib. IV.

kgw-08 · 109 · 19

Epitomes Astr.

kgw-08 · 109 · 20

exculta.

kgw-08 · 109 · 21

Olim enim causam mouentem Planetas absolute animam 

esse credebam, quippe imbutus dogmatibus I. C. † 

SCALIGERI, de Motricibus intelligentiis.

kgw-08 · 109 · 22

At cum perpenderem, hanc causam motricem debilitari 

cum distantia, lumen Solis etiam attenuari cum distantia 

à Sole: hinc conclusi, Vim hanc esse corporeum aliquid, si 

non proprie, saltem aequiuoce; sicut lumen dicimus esse 

aliquid corporeum, id est, speciem …

7 Sätze.

Example 13.8. fam:kepler-anima-vis/anima-vis/anmerkung-1621  · v1 · passed
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Sentence 17 is the substitution, Si pro voce Anima, vocem Vim substituas. The third block gives LWgrammar a 

passage of the Astronomia nova of 1609, the Latin sentences of pages 236 and 237 of kgw-03 , without saying 

where it comes from, and excludes that work from the comparison profiles:

SOURCE

```{famulus}
---
id: verortung
depends_on: [anmerkung-1621]
display: tabelle
duckdb: …
partiturs:
- id: duckdb-read
input:
sql: |
SELECT doc_id, pidx, sent_idx, text
FROM stz.stz_sentences
WHERE doc_id = 'kgw-03' AND pidx
BETWEEN 236 AND 237 AND lang = 'la'

ORDER BY pidx, sent_idx
- id: lwgrammar:lw_situate_specimen
input:
text_from: text
lang: la
exclude: kgw-03

artefacts:
- name: verortung
kind: table
file: verortung.json

oracle:
n_tokens: {min: 250}

---
Verorte das Textstück allein über seine
Sprache: nächster Autor, geschätztes Jahr und
Zeitfenster, Zusammenhang der Diskussion und
datierte Bedeutungen.
```

RESULT

author_verdictdiscussion_contextlang n_tokens verdictyear_estimate

kepler correspondencela 850 bestimmt 1605

# Situierung — bestimmt - Tokens: 850 - Autor (Delta): 

kepler 2.6619 → kepler - Jahr (Stil): ~1605, Fenster [1596, 

1619] - Diskussionskontext (nächstes Profil): 

correspondence - Bedeutung vis#kepler#motrix: 2 

Treffer; registrierte Periode 1609–1621; Marker belegt in 

kgw-01 (1596), kgw-07 (1621), k…

Example 13.9. fam:kepler-anima-vis/anima-vis/verortung  · v1 · passed

The placement names Kepler as the nearest author and estimates the year as 1605, with a style window from 

1596 to 1619; the passage is from 1609. It does not hit the context of the discussion: the nearest profile is a 

volume of letters ( kgw-14 , 1599–1603), and the result says correspondence. The notebook’s own text states 

why the estimate should be read with care: in a cross-validation over the Kepler works, recorded there, the 

style estimate is off by 8.8 years on average, against 9.4 years for guessing the mean year of the other works. 

What carries the dating is the dated meaning vis#kepler#motrix , whose entry records the use from 1609 

to 1621.

All three blocks record gemini-3.5-flash-lite  as their model under herkunft , although none of them 

calls a language model. The runner fills the field from the project’s default client  unless every step is 

duckdb-read  or artifact:<kind> ; the LWgrammar steps are not in that exception, so bedeutungen  and 

verortung  are named with a model they did not use. anmerkung-1621  is a pure duckdb-read , for which 

the current code leaves the field empty; its result is from its only run and was taken over since, so it still 

carries what an earlier runner wrote.

13.5 Kármán’s correspondence and manuscripts
The papers of Theodore von Kármán ( karman-nachlass ) hold 15,976 letters in letters_resolved . The 

project asks who corresponded with Kármán in the 1930s, who mentions Einstein in letters to him, and what 

manuscripts the papers contain.
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SOURCE

```{famulus}
---
id: karman-roster
years: {from: 1930, to: 1940}
subtask: correspondence-roster
golden: ground-K1-karman-correspondents
display: tabelle
oracle:
n_unique: {min: 200}

duckdb: …
artefacts:
- name: roster
kind: roster-table
file: roster.json

---
Wer korrespondierte mit Kármán zwischen 1930
und 1940? Liste die kanonischen Namen aus
ent_canonical und die Briefzahl je Person.
```

RESULT

name canonicalvariantskind countn_docs doc_idsfirst_datelast_date

Barnes, 

D. 

P.

true List 

{}

correspondent98 98 List 

{106-16_hydraulics_general_correspondence_…

1930-04-291940-07-08

Herzfeld, 

H.

true List 

{}

correspondent98 98 List 

{13-3_herzfeld_h_1921_1933_i/026, 

109-12_p…

1930-02-201933-02-04

Putnam, 

P. 

C.

true List 

{}

correspondent95 95 List 

{111-9_wind_mills_and_turbines/011, 

111-9_…

1935-09-151940-12-24

Condron, 

T. L.

true List 

{}

correspondent75 75 List 

{102-3_bridges_suspension_tacoma_narrows_b…

1930-06-121940-11-20

Petterssen, 

Sverre

true List 

{}

correspondent51 51 List 

{111-14_wind_mills_and_turbines/037, 

112-1…

1940-01-231940-10-25

Roper, 

James 

H.

true List 

{}

correspondent46 46 List 

{106-10_hydraulics_general_correspondence/…

1934-08-251940-11-08

… 740 more rows

746 distinct correspondents from the karman-nachlass 

letters_resolved register between 1930 and 1940 (200 

dated letters).

Example 13.10. fam:karman-nachlass/korrespondenz/karman-roster  · v1 · passed

The block passes its floor of 200. Its answer, 746 distinct correspondents … (200 dated letters), cannot describe 

one set: 746 persons do not fit into 200 letters. The number 200 is the row limit seen above.

Against the register. The register has 2,882 letters with a year from 1930 to 1940. How many persons 

corresponded with Kármán in them depends on a definition the question does not fix:

Table 12  Three readings of the Kármán question in the register, 24 September 2026.

Reading of correspondent Persons

every person on either side, other than Kármán 841

the sender, or the recipient where Kármán is the sender 747

the other party, in letters of which Kármán is a party 490

The pipeline’s 746 is close to the second reading, which takes the sender of every letter that Kármán did 

not write, whether or not it was addressed to him. In 1,253 of the 2,882 letters neither side is the entity 8 , 

Kármán’s entry in the person register. The floor of 200 is met by all three readings and so decides nothing 

between them. The question should name its reading; the oracle should then state its number.
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SOURCE

```{famulus}
---
id: einstein-erwaehnung
depends_on: [karman-roster]
persons: ["Albert Einstein"]
subtask: mention-in-letters
golden: ground-K3-karman-einstein
display: belegliste
oracle:
n_letters: {min: 3}

artefacts: …
---
Wer nennt Einstein in Briefen an Kármán? Gib je
Beleg den Brief, den Absender und die
Koordinaten doc_id, pidx, sent_idx.
```

RESULT

0 letter(s) addressed to Koordinaten in the register; 0 

have linked page text; 0 have body mentions of 

‘Einstein’; 0 are cited in the person index; 0 distinct 

correspondent(s): —.

Example 13.11. fam:karman-nachlass/korrespondenz/einstein-erwaehnung  · v1 · deviates

This block fails, and it fails honestly. The question asks for the coordinates doc_id , pidx , sent_idx  of each 

piece of evidence. The pipeline read the German word Koordinaten as the name of a recipient and looked for 

letters addressed to a person of that name. There are none, so the observed value is empty and the verdict 

is abweichend. In the register, the summary field regest  names Einstein in 32 letters. In the report of 23 

September 2026 the same question passed with 38, which were documents of the whole collection, not letters 

to Kármán. The present failure tells the reader more about the pipeline than that pass did.

SOURCE

```{famulus}
---
id: manuskripte
subtask: manuscript-inventory
golden: golden-karman-manuscripts-inventory
display:
format: hierarchische-tabelle
gruppe: kind
spalten:
- feld: name
label: Titel

- feld: count
label: Seiten
art: zahl

oracle:
n_manuscripts: {min: 190}
n_pages: {min: 5600}

artefacts:
- name: bestand
kind: roster-table
file: bestand.json

---
Wie viele Manuskripte liegen im
Kármán-Nachlass? Nenne je Manuskript Datum,
Umfang in Seiten, Titel, Gegenstand und Zweck.
```

RESULT

Book Manuscripts

Titel Seiten

Cours De Mecanique Des Fluides (I) 70

Cours De Mecanique Des Fluides (I) 70

Cours De Mecanique Des Fluides (II) 70

Cours De Mecanique Des Fluides (II) 70

Cours De Mecanique Des Fluides (III) 29

Cours De Mecanique Des Fluides (III) 8

Manuscripts & Notes (General)

Titel Seiten

Manuscripts & Notes (General) 7

Manuscripts & Notes (General) 5

Manuscripts & Notes (General) 8

Manuscripts & Notes (General) 7

Manuscripts & Notes (General) 10

Manuscripts & Notes (General) 15

… 177 more rows

191 Manuskripte, 5619 Seiten.

Example 13.12. fam:karman-nachlass/korrespondenz/manuskripte  · v1 · passed

The inventory passes its floors of 190 manuscripts and 5,600 pages. The artefact has 191 entries in three 

groups: 142 technical manuscripts and notes, 41 general ones, 8 book manuscripts. Of the 191 entries only 

32 titles are distinct, and 63 entries are exact copies of another entry, title, group and page count alike; the 

first two rows above show one such pair. Whether 191 counts manuscripts, folders, or rows of a join is not 

stated by the inventory, and the floor was set from the same count.

13.6 Checking the checker: LWgrammar on a damaged paper
In September 2026 a revision run of the Lektor changed 136 paragraphs of the paper famulus-plattform. It 

inserted judgements, foreign words and new claims. The formulation check of LWgrammar compares each 
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changed paragraph with its version of 9 September. The project lwgrammar-evaluation  reads the results 

of that comparison and runs the check on one paragraph.

SOURCE

```{famulus}
---
id: golden-zurueckweisung
display: kennzahl
partiturs: …
artefacts:
- name: zurueckweisung
kind: table
file: zurueckweisung.json

oracle:
zurueckgewiesen: {min: 130}
kontrollen_verfehlt: {max: 0}

---
Veränderte Absätze des Lektoratslaufs, von der
Formulierungsprüfung zurückgewiesene Fassungen
und die Kontrollen: jeder Absatz vom 9.
September, gegen sich selbst geprüft.
```

RESULT

136 veraendert

133 zurueckgewiesen

0.978 quote

0 kontrollen_verfehlt

Example 13.13. fam:lwgrammar-evaluation/famulus-plattform/golden-zurueckweisung  · v1 · passed

The check rejects 133 of the 136 changed paragraphs (97.8 %). The oracle has two parts, and the second 

matters as much as the first: every paragraph of 9 September, checked against itself, must pass. A check that 

rejected everything would meet the first part; the second rules it out. None of the controls fails.

SOURCE

```{famulus}
---
id: golden-befunde
depends_on: [golden-zurueckweisung]
display: tabelle
partiturs: …
artefacts:
- name: befunde
kind: table
file: befunde.json

oracle:
n_sentences: {min: 5}

---
Zahl der Fassungen je Befund. Eine Fassung kann
mehrere Befunde tragen.
```

RESULT

metrik fassungen

added_modifiers 101

foreign_vocabulary 93

logical_particles 90

register_lift 84

added_claims 56

preservation 44

intensifier_insertions 41

length_ratio 37

… 6 more rows

14 Sätze.

Example 13.14. fam:lwgrammar-evaluation/famulus-plattform/golden-befunde  · v1 · passed

The findings are counted per version, and one version can carry several. Added modifiers are the most 

frequent finding (101), then foreign vocabulary (93) and changed logical particles (90).

SOURCE

```{famulus}
---
id: dreiweg
display: tabelle
partiturs: …
artefacts:
- name: dreiweg
kind: table
file: dreiweg.json

oracle:
n_sentences: {min: 2}

---
Wörter, eingefügte Bewertungen und
Verstärkungswörter, zugeordnete und voll
erhaltene Absätze der beschädigten und der
neuen Fassung, jeweils gegenüber der Fassung
vom 9. September.
```

RESULT

fassung woerterbewertungenverstaerkerzugeordnetvoll_erhalten

beschädigt 7574 7 49 101 70

neu 7604 0 0 77 16

2 Sätze.

Example 13.15. fam:lwgrammar-evaluation/famulus-plattform/dreiweg  · v1 · passed
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The three-way comparison sets the damaged version and a later, new version of the paper against the 

version of 9 September. The damaged version keeps more paragraphs whole (70 against 16) and still carries 

7 judgements and 49 intensifiers; the new version carries none. The damage was in the words, not in the 

claims. The new version is a rewrite with new claims, which is why so few of its paragraphs keep every 

claim of the old one.

The last two blocks run the check on one paragraph in the notebook itself, through the local step 

lwgrammar:lw_evaluate . The damaged version fails six blocking metrics, among them an added claim (rule 

R-LG-024) and evaluative insertions (rule R-LG-021); the paragraph checked against itself fails none.

The project’s abstract speaks of 137 changed paragraphs; the result of the comparison has 136. The abstract 

is the author’s text and was written before the last run. The notebook puts the two numbers on one page, 

which is how the difference was found; the abstract is still to be corrected.

13.7 What the six projects show
Of the 19 blocks read in this chapter, 16 carry an oracle. Fifteen pass, and one fails (Einstein). Three carry 

none and are shown as such.

The passes are of three kinds. Some agree with an independent count in the register: Schöner’s 11 letters, 

the Kepler note, the LWgrammar controls. Some agree with an oracle whose relation to the register is not 

recorded: Pirckheimer’s 75 against the register’s 77, Kepler’s 45 against 44. And some meet a floor that every 

plausible reading of the question also meets: Kármán’s 746 and 191. A pass of the third kind tells the reader 

that the answer is not absurd, and nothing more.

The failures of the pipeline that these projects make visible are recurring ones. Words of the German 

instruction enter the lemma decomposition (Kepler, Schöner) or the person search (Lücke, Koordinaten). A 

row limit is reported as the scope of an answer (Pirckheimer, Kármán). A block keeps its result in its answer 

rather than in its artefact, so that a changed result keeps its version (Schöner). And a result names a model 

that did not run (Kepler anima/vis).

None of this would have been visible in a chat window. It became visible because each answer stands next 

to its oracle, its trace, and, where possible, a second reading of the same data. The notebook does not make 

the pipeline right. It keeps the grounds for accepting or rejecting an answer in the same place as the answer.

In short

• A pass means agreement with the oracle. What that means for the register depends on how the oracle 

was set.

• A floor that every reading of a question meets decides nothing between the readings.

• A second reading of the same data, by a local step, is the cheapest check a notebook can carry.

• Keep a result in its artefact; the version rule looks only there.

✎ Exercise 13.1

Write the Kármán roster question so that it names the third reading of Table 12. Which oracle would you set, 

and why is a floor of 200 no longer appropriate?

✎ Exercise 13.2

The Kepler counter-check and the pipeline differ by one sentence. Write a block that lists the sentences the 

pipeline reports and that the counter-check does not. Which artefact of lex-natura  would it have to read, 

and does that artefact carry the sentence coordinates?
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PART V

Beneath the surface

14 How a block is executed
The earlier chapters described what a block does as seen from the notebook: it is current or stale, it passes or 

deviates, it makes a version or keeps one. This chapter describes how the runner brings that about. You need 

it when a result surprises you, when you write a Partitur for notebooks, or when you want to know exactly 

what the lock of Chapter 12 proves. The chapter follows one command, famulus-notebook run , from the 

project folder to the files in the store.

14.1 From a project to its blocks
The command takes a project folder or a single .fam  file. The runner finds the project by walking up from 

the path to the nearest famulus.yml , and takes the project’s notebooks from it. A project with one notebook 

runs that notebook. A project with several runs them in the order of their references: a notebook that reads 

a result of another notebook of the same project, with @latest  or @locked , runs after it. A cycle between 

notebooks is refused before anything runs, with the message Zyklus zwischen Notebooks: ….

The command refresh  adds one step. Before the project’s own notebooks it runs every other local project 

whose results the project reads with @latest , producers first. A reference to a peer is not followed: the 

peer’s results are fetched when a block reads them, and they are not run from here.

Within a notebook the runner first checks that no block id occurs twice (doppelte Block-id). It then determines 

which blocks to consider: all of them, or, with --block , the named block together with every block it needs 

through depends_on  that has no manifest yet. Each of these is announced as waiting; the viewer shows 

the sentence wartet. The runner then works in rounds. In each round it takes every waiting block whose 

dependencies have finished or already have a manifest, and starts them together. At most two blocks run at 

the same time. When no waiting block is ready, either the dependencies form a cycle (Zyklus in depends_on: 

a → b → a) or a block waits for one that cannot run; in both cases the runner stops with a message.

⟨/⟩ For famuli

The two-at-a-time limit is a semaphore in run_notebook . A block that plays a Partitur makes several model 

calls and opens several DuckDB connections, one after the other; the limit keeps the number of such runs in 

flight small. Local steps finish in milliseconds, so the limit does not slow them in practice.

14.2 Whether a block runs
For each block the runner computes the block’s input in three parts:

text

A hash of the preamble without rerun , the instruction, and the notebook’s famulus  settings. rerun  is 

left out because it says when to run, not what to compute.

inputs

For every local file the block reads, its path, size and modification time. The files are the duckdb  

attachments, paths read in a Partitur step’s input, and, for a block with guard  or an lwgrammar:  step, 

the LWgrammar store.
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upstream

Every result the block reads, through depends_on  or a reference, with the version and checksum it has 

now. A result on a peer is listed without a version.

The hash of the three parts is compared with the hash in the block’s manifest. If they agree and the last run 

did not end in an error, the block is current. Under the default rerun: if-stale  a current block is not run; 

its last result is taken over, and the event says übernommen, which the viewer shows as aus dem letzten Lauf. 

rerun: always  runs the block every time; rerun: never  never runs it: without a result it fails with rerun 

never, aber kein Log, and with a stale result it keeps that result and reports the block as veraltet (rerun: never). 

--force  acts as always  for every block.

The parts are compared one by one, and the differences give the reasons that status --why  prints (Chapter 

7). Because the file part uses size and modification time, not content, a file that is written without being 

changed makes its readers stale. This happened while this book was being written. In the night of 24 

September the file of the LWgrammar store was written at 03:42. Its modification time changed, and every 

block that reads the store became stale, whether or not the part it reads had changed:

Specimen · A changed file time, and the cascade that stops

$ famulus-notebook status --why schoener-saphea

veraltet  saphea/schoener-gegenstand  v1     pass

          gelesene Datei verändert

wartet    saphea/schoener-termini     v1     pass

          wartet auf fam:schoener-saphea/saphea/schoener-gegenstand

wartet    saphea/canones-sapheae      v1     pass

          wartet auf fam:schoener-saphea/saphea/schoener-termini

schoener-saphea: 3 Blöcke, 3 nicht aktuell

$ famulus-notebook refresh schoener-saphea

Was ist der Gegenstand der Briefe von Schöner an Pirckheimer zwischen 1… — läuft

Welche technischen Termini gebraucht Schöner in seinen Briefen, — aus dem letzten Lauf

Welche Aussagen werden im Briefwechsel über eine Canones Sapheae gemach… — läuft

Welche Aussagen werden im Briefwechsel über eine Canones Sapheae gemach… — ohne Oracle

Was ist der Gegenstand der Briefe von Schöner an Pirckheimer zwischen 1… — bestanden, v1 

unverändert

schoener-saphea: 2 Blöcke gelaufen: schoener-saphea/saphea/canones-sapheae, schoener-

saphea/saphea/schoener-gegenstand

The first block read the changed file and was stale. The two blocks after it were not stale themselves; they 

waited, because a block they read was stale and might change. refresh  ran the first block. Its artefact came 

out unchanged, so its version stayed at 1, and the block schoener-termini , which reads version 1, was 

current again and was taken over. The cascade stopped where results stopped changing. The third block ran 

anyway, because it has rerun: always .

The rule is safe in one direction: a file whose content changed has a new modification time, so no change 

goes unnoticed. It costs runs in the other direction, when a file is touched but not changed. Registers on a 

peer are not covered at all. A remote read or remote run sees the peer’s register as it is when the block runs, 

but the hash does not record it, so a change on the peer does not make the block stale. Run such a block with 

--force  when you know the peer’s data changed.

14.3 Where a block runs
A block whose preamble names a peer under engine  is sent to that peer (Chapter 11). The runner resolves 

the block’s input references locally, sends preamble and instruction, and receives the peer’s complete log, 

which it stores as the block’s version. Everything else in this chapter then happens on the peer. All other 

blocks run here.
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Before a local block runs, the runner checks what the block needs:

1. The preamble has an id , exactly one of subtask  and partiturs , a known subtask if it names one, and 

a counting_mode  if it names lemmata .

2. Every block named in depends_on  has a manifest.

3. Every result the block reads resolves, and has a version.

Then every text reference in the instruction, {ref:…} , is replaced by the path of the file it names. A reference 

to a peer’s artefact is fetched first and copied to _famulus/cache/extern/ .

14.4 What a block executes
A block with a subtask  plays the query pipeline’s Partitur ai-query-phase1  once. A block with partiturs  

plays its steps in order. Each step’s input  is resolved first: a value {ref: …}  becomes the content of the 

artefact it names, and a text reference becomes a path.

duckdb-read

Opens the block’s duckdb  attachments read-only in a connection that lives for this one statement, runs 

the statement, and closes the connection. The result is a table. If it has exactly one row, every numeric 

column becomes an observed value that an oracle can check.

lwgrammar:<tool>

Calls a tool of the language institution LWgrammar in the same process, with the step’s input and, where 

the tool reads text, a column of the previous step’s table.

artifact:<kind>

Builds an artefact of the named kind, such as a network, from its input. No model is called.

any other id

Is looked up in the register of Partituren and played through the execution harness.

The observed values and the artefact of a block are those of its last step. After a harness step the runner 

judges the step’s result against the block’s oracle; if the step reports a gap or does not pass, the chain stops 

there. Local steps do not stop the chain: a table with no rows is passed on to the next step like any other.

14.5 The harness and the order of binding
A harness step, and every subtask, becomes a run request to the orchestrator’s execution harness. The 

request names the Partitur, the goal, the model, and the inputs; its goal_id  is the block’s id, its source is 

famulus-notebook , and it asks the harness to persist the run, so that the pipeline’s own records show which 

notebook asked.

The goal is the instruction. The inputs are assembled in a fixed order, and a later source wins over an earlier 

one only where it names the same key:

1. The Partitur’s own defaults, applied by the harness.

2. The setting file named by the step, if any.

3. The block’s explicit inputs: the instruction, the collections, the client, and the keys language , persons , 

lemmata , counting_mode , evidence , reading_doc , person_id , project , terms , locked  and the 

years, each from the preamble or, if the preamble does not name it, from the project’s defaults.

4. The step’s input , which wins over everything else.

The model is the project’s client , written as the harness expects it: a Gemini model with the prefix 

gemini: , a model of the families glm, qwen or kimi, or any model ending in :cloud , with the prefix 

ollama: .
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⟨/⟩ For famuli

A subtask name is carried twice. The request’s subtask  input is overwritten by the Partitur’s decomposition 

stage with a structured value, so the runner also passes the name as notebook_subtask , which no stage 

writes. The pipeline’s routing reads it there and chooses the specialist for the named subtask over the one its 

classifier would choose; the lemma stage reads it to take the preamble’s lemmata  as given for a co-occurrence.

14.6 Judging and writing
The block’s result is judged against its oracle (Chapter 4). When the orchestrator is installed, its judge is 

used; without it, a block with an oracle cannot be judged and is recorded as an error, and a block without 

one is judged by a small local rule. A block with guard  then has its answer, or its artefact, checked by the 

formulation guard, which may turn a pass into a failure.

Only a passing result writes artefacts. The runner computes a checksum of the data of each declared artefact 

and compares it with those of the current version. If they agree, the run writes into the current version; if 

not, it opens the next one (Chapter 7). A run whose result does not pass writes no artefact, and the next 

passing run fills the version it left. The runner then writes, in the version folder:

report.json

The question, the answer, the status, and the numeric counts.

verdict.json

The oracle, the observed values, the status, and a note.

result.json

What the viewer shows: question, answer, verdict, measured values, display format, origin ( herkunft ), 

and the list of artefacts.

trace.json

The harness’s trace of the run, for harness steps and subtasks.

manifest.json

The block’s id, version, input hash and its three parts, the versions it consumed, the status, start and end, 

the number of runs, and the artefacts.

Last, current.json  names the version, and the notebook’s index.json  records the block’s status. When 

every notebook of the command has run, the runner writes the project’s famulus.lock  from the manifests.

A run that ends in an error is recorded in the current version, not in a new one. Its artefacts, if an earlier 

run wrote them, stay where they are; the verdict and result say Fehler and give the message. The manifest 

records the error and the input hash, so the block is stale on the next run for the reason letzter Lauf endete 

mit Fehler.

In short

• Notebooks run in the order of their references; refresh  runs foreign local producers first.

• A block runs when the hash of its text, its local files and its upstream versions differs from its manifest, or 

when rerun  or --force  says so.

• Files are compared by size and time; a peer’s data are not compared.

• A subtask plays ai-query-phase1 ; a chain plays local steps in the process and other steps through the 

harness.

• Inputs bind in the order Partitur default, setting file, preamble, step input.

• Only a passing result writes artefacts; an error is recorded in the current version.
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✎ Exercise 14.1

A block reads a DuckDB file that another program rewrites every night with the same content. What does 

status  report the next morning, and what does refresh  do? Which of the three input parts would you have 

to change so that the block stays current?

✎ Exercise 14.2

A chain has three steps: duckdb-read , a harness step, and artifact:d3-graph . The harness step does not 

pass its oracle. Which artefact does the block store, and what does its result.json  show?

15 When something goes wrong
The runner speaks German, and it says what went wrong in one sentence. This chapter collects those 

sentences. Each is quoted as the program prints it, followed by its cause and its remedy. The catalogue is 

taken from the source of famulus_notebook ; the messages in the first specimen were produced by running 

a notebook written to fail.

15.1 Where a message appears
A message appears in one of three places.

On the command line, when the command cannot start: the project is not found, a block does not exist, 

the notebooks form a cycle. The message is printed after the program’s name, and the command ends with 

exit code 1:

famulus-notebook: /private/tmp/fn-lose/x.fam liegt in keinem Projekt

At the block, when one block cannot run or its run fails. The other blocks run on. The message is the block’s 

answer; it is prefixed with the kind of error, its verdict is Fehler, and it stands in the block’s result.json  

and in the manifest. On the command line it replaces the block’s closing line.

In the viewer or the HTTP response, when the server refuses a request. The response carries a status 

code and the message under detail .

The following notebook was written to fail. Each of its eight blocks contains one mistake:

Specimen · Eight blocks, eight mistakes

$ famulus-notebook run .

Beides zugleich. — läuft

NotebookError: beides: genau eines von subtask und partiturs

Ein Subtask, den es nicht gibt. — läuft

NotebookError: falscher-subtask: unbekannter subtask 'letter-count'

Lemmata ohne Zählmodus. — läuft

NotebookError: ohne-modus: counting_mode fehlt bei der Lemma-Zählung

Eine Lesung, die schreiben will. — läuft

InvalidInputException: Invalid Input Error: Cannot execute statement of type "DELETE" on 

database "pirckheimer" which is attached in read-only mode!

Zwei Anweisungen. — läuft

Zwei Anweisungen. — ohne Oracle

Eine Lesung ohne Zeile. — läuft

Eine Lesung ohne Zeile. — ohne Oracle

Ein Verweis ins Leere. — läuft

NotebookError: hängt an fam:fehler/fehler/gibt-es-nicht.x, dort liegt noch keine Version

Eine Partitur, die nicht im Register steht. — läuft

NotebookError: Partitur nicht im Register: gibt-es-nicht
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Six of the blocks fail as they should. Two do not, and they are the instructive ones. The block 

zwei-anweisungen  reads SELECT 1; SELECT 2 , and the block leer  reads a table with no rows; both are 

recorded as ohne Oracle, which the display shows as an unchecked pass. The first shows that a local reading 

is not held to the rules of a served reading (see below). The second shows a gap in the verdict rule: a table 

with columns but no rows counts as a result, because the observed values include the column names and a 

row count of zero. A pass on an empty result is exactly what the verdict rule of Chapter 4 is meant to prevent. 

Until the rule is corrected, give every reading an oracle, if only a floor of one row.

15.2 Projects, notebooks and files
… liegt in keinem Projekt

The path is not inside a folder with a famulus.yml , and no folder above it has one. Create the project with 

famulus-notebook project new <ordner> --id <projekt> , or move the notebook into a project.

kein Projekt in … (famulus.yml fehlt)

A folder was named as a project, but has no famulus.yml .

Projekt … : kein Notebook …

The project exists but lists no notebook of that id. Check famulus.yml  and the file’s front matter, where 

famulus: id:  must agree.

unbekanntes Projekt … (famulus-notebook project register <ordner>)

A reference names a project that is not in the register of this machine. Register the project’s folder, as 

the message says.

Projekt … hat N Notebooks; <projekt>/<notebook> angeben

A command or a uses  entry named a project with several notebooks where one notebook was meant. 

Name the notebook as well.

kein Notebook in …

The folder has a famulus.yml  but no notebook the runner can read.

pandoc fehlt: der Parser braucht pandoc im PATH

The parser reads notebooks through Pandoc, which is not installed or not on the search path. Install 

Pandoc, or put its folder on the path.

Error parsing YAML metadata at “…” (line 1, column 1): …

The front matter is not valid YAML. The message is Pandoc’s and names the line within the front matter. 

The viewer shows the same failure as Die Front Matter ist kein gültiges YAML., with the file and the line.

Zyklus zwischen Notebooks: a → b → a

Two notebooks of a project read each other’s results with @latest . One of them must read a fixed version 

( @v1 ), or the shared part must move into a third notebook.

Zyklus zwischen Projekten: …

The same, between projects, found by refresh .

…: Markierung ‘# famulus-notebook build: Anfang …’ fehlt

build  could not find its marker comments in the site’s _quarto.yml . Restore the pair of markers; the 

build writes only between them.

quarto fehlt: https://quarto.org/docs/get-started/

render  needs Quarto. build  does not.
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15.3 The preamble
Präambel ohne id

The block’s preamble has no id . Every block needs one; it names the block’s folder in the store and its 

reference.

doppelte Block-id

Two blocks of one notebook have the same id. The notebook does not run at all, because the second block 

would overwrite the first one’s results.

…: genau eines von subtask und partiturs

The block names both, or neither. A block asks the pipeline one question ( subtask ) or plays its own 

chain ( partiturs ), not both.

…: unbekannter subtask ‘…’

The subtask is not one of the thirteen the pipeline knows. Appendix A lists them.

…: counting_mode fehlt bei der Lemma-Zählung

The block names lemmata  but no counting mode. A count of lemmata means nothing without its mode 

(Chapter 8); add counting_mode: canonical  or the mode you mean.

…: Partitur-Schritt ohne id

An entry of partiturs  has no id .

…: duckdb-read ohne sql

A duckdb-read  step has no statement under input: sql: .

15.4 References and dependencies
unbekannter Block: …

--block  or a request named a block that the notebook does not have.

hängt an …, dort liegt kein manifest.json

A block named in depends_on  has never run. Run it first; run --block  does this by itself for blocks of 

the same notebook.

hängt an …, dort liegt noch keine Version

The block reads a result that has no version yet: the block exists but has not passed, or the reference 

names a block that does not exist. check  tells the two apart.

Zyklus in depends_on: a → b → a

The blocks of a notebook wait for each other.

Abhängigkeit ohne Manifest: …

The named blocks wait for a block that is not in this run and has no manifest, so they can never start.

unaufgelöster Verweis …

A reference in the instruction or in a step’s input names a file that is not there. With a colon the message 

adds the reason from the resolver.

Verweis nicht lesbar: …

The reference is not written in the form of Chapter 6.

…: Artefaktname fehlt (<block>.<artefakt>)

The reference names a block where an artefact is needed.

…: fam:-Verweis braucht <projekt>/<notebook>/<block>.<artefakt>

A full reference lacks one of its four parts.
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…: unbekannte Version @… (latest, vN, sha:…, locked)

The selector after @  is not one of the four.

…: keine Version mit …

The selector is valid, but no version matches it, for example @sha:  with a prefix no artefact has.

…: Kurzform braucht ein Notebook, in dem sie steht

A short reference, block.artefact , was used where no notebook gives it a context, for example on the 

command line.

15.5 Reading data
Two messages of the local reading are in English, because they come from a lower layer:

bad attachment alias ‘…’

An attachment’s alias  is not a plain name.

unknown artefact kind ‘…’

An artifact:  step names a kind the builder does not know. The kinds are listed in Appendix A.

…: eine entfernte Lesung braucht genau einen Peer für alle Anhänge

Some attachments of a block name a peer and some do not, or they name different peers. A remote read 

happens in one place.

…: entfernter Pfad muss mit $PDAI_COLLECTIONS/<sammlung>/ beginnen

The peer resolves paths inside its own collections; a remote attachment must name one.

…: eine entfernte Lesung liest genau eine Sammlung

The attachments lie in two collections. Split the reading into two blocks.

The peer checks a served reading before it runs it, and refuses it with one of these messages:

Table 13  The refusals of a served reading.

Message Cause

nur eine Anweisung a semicolon outside a string

nur SELECT oder WITH the statement begins with another word

nicht erlaubt: DELETE a writing or file verb outside a string

Pfad außerhalb der Sammlung: … an attachment outside the collection

nur DuckDB-Dateien: … an attachment that is not a DuckDB file

Alias nicht zulässig: … an alias that is not a plain name

Sammlungsname nicht zulässig: … a collection name with a slash or dot

Sammlung fehlt: … no such collection on the peer

Abfrage nach 30 s abgebrochen the reading ran longer than 30 seconds

A local reading is not checked in this way. It opens its files read-only, so that a writing statement is refused 

by DuckDB itself, as the specimen shows, but it does not refuse a second statement or a table function that 

reads another file. On your own machine this is your own responsibility; a reading that should later run on 

a peer should be written as if it were served.

15.6 Peers and remote runs
Peer nicht in …: …

The block names a peer that is not in peers.yaml .
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Peer ohne Endpunkt: …

The peer’s entry lists no endpoint.

…: unbekannte Art ‘…’

The peer’s kind  is not one the program knows.

… nicht erreichbar — …

No endpoint of the peer answered. The message lists, for each endpoint, what happened. Run 

famulus-notebook peers probe <name> .

… POST …: HTTP 401 Token fehlt oder falsch

The peer has a token and this machine sent none, or the wrong one. Check the variable named under 

token_env  (Chapter 11). A peer without a token answers Dieser Server ist nur lokal freigegeben instead.

…: ein Textverweis {{ref:…}} zeigt auf eine lokale Datei; als input-Verweis übergeben

A block that runs on a peer uses a text reference, which would become a path on this machine. Pass the 

artefact as {ref: …}  in a step’s input; its content is then sent.

…: setting-Dateien laufen nicht entfernt

A setting file lies in the calling project, which the peer does not see.

Peer lieferte kein vollständiges Log and … beendete den Lauf ohne Log

The peer ran the block but its answer was incomplete. The peer’s own store has the run; look there.

15.7 The engine and the Partitur
Ausführung braucht ai-agent-orchestrator und ai-query. Installieren mit: uv sync –extra run (… 
fehlt)

The machine has no query pipeline. Blocks with a subtask or a harness step cannot run here; run them 

on a peer with engine , or install the extra.

Oracle-Prüfung: …

A block has an oracle, but the orchestrator, whose judge compares it, is not installed. The block is recorded 

as an error rather than as a pass.

Partitur nicht im Register: …

A step names a Partitur the register does not know.

Partitur nicht gefunden: …

The query pipeline’s own score is not at its expected place. The variable PARTITUR_SCORE  names another 

place.

Lauf ohne Ergebnis

The harness ran the Partitur, which neither succeeded nor published any result. Otherwise the message 

is the harness’s own final grade. The trace, under Diagnose, shows which stage stopped (Chapter 10).

lwgrammar:…: vorheriger Schritt liefert keine Spalte ‘…’

An LWgrammar step reads text from a column of the previous step, and that step’s table has no such 

column.

15.8 The formulation guard
A block with guard  has its text checked after the verdict. The guard writes its findings into verdict.json  

under guard  and may change the verdict:

Formulierung: …

The text failed the named blocking metrics, and the pass became a deviation.
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kein erzeugter Text zu prüfen

The block produced no text for the guard. The verdict is unchanged, and the guard’s entry records that 

nothing was checked.

LWgrammar nicht erreichbar; der Text bleibt ungeprüft

The language institution could not be reached. The verdict becomes an error: an unchecked text is not 

passed as checked.

15.9 The server
Token fehlt oder falsch (401)

The request came from outside and carried no valid token.

Dieser Server ist nur lokal freigegeben (401)

The server has no token and so admits only its own machine.

Anmerkungen nur am eigenen Rechner (403)

A note to the learning loop was sent through a peer. Notes are taken only on the owner’s machine.

Dateizugriff außerhalb der Sammlung ist gesperrt (403)

A served reading tried to read a file outside the collection.

Lektorat nicht erreichbar: … and Lernloop nicht erreichbar: … (502)

The Lektor on port 5114, or the ai-query service, did not answer.

Viewer nicht gebaut: cd web && npm run build (503)

The server runs, but the viewer’s files are missing.

Notebook nicht gefunden: … (404), …: noch keine Version (404), Artefakt nicht im Manifest (404), Artefaktdatei 

fehlt (404) : A request named something the store does not have.

In short

• A message that stops a command is printed as famulus-notebook: … , with exit code 1; a message that 

stops one block becomes that block’s answer.

• Read the message literally: it names the block, the key, or the file.

• A served reading is checked; a local one is only opened read-only.

• A reading without an oracle can pass on an empty table; give it a floor.

✎ Exercise 15.1

Write a block that fails with hängt an …, dort liegt noch keine Version although the block it reads exists. What 

must be true of that block?

✎ Exercise 15.2

Which of the refusals of Table 13 would a local reading also give, and which would it not? Try one of each.

16 Design decisions, related work, limits
Several choices in this book could have been made otherwise. This chapter names seven of them, the 

alternative that was set aside, and the reason. It then places the notebook among its ancestors and lists what 

it cannot do, by design and for now.

16.1 A declared preamble instead of code
A block states its scope and its plan as data, not as a program. The alternative, familiar from computational 

notebooks, is a cell of code that calls the pipeline. A code cell can do anything, and for that reason its reader 
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cannot tell from the cell alone what it will read and which rule it will follow. The preamble is closed: every 

key is listed in Appendix A, and every key has one place in the run request (Chapter 14). A reader can judge 

the scope of a question before the question is answered, and the runner can refuse a block whose scope is 

incomplete, such as a lemma count without a counting mode.

The price is that a question the preamble cannot state cannot be asked. It has to become a subtask or a 

Partitur first. The local steps are the one opening the preamble leaves: a register may be read with SQL, but 

only read, only through a connection that lives for one statement, and, on a peer, only inside one collection.

16.2 A store beside the notebook
The results of a run are written into a store next to the notebook, not into the notebook and not into a 

database. Writing them into the notebook, as computational notebooks keep the output of a cell, would mix 

the author’s text with the machine’s product: a revision of the text would touch the result, and a new result 

would change the file the author edits. A database would separate them, but the project could then no longer 

be handed on as a folder. The store is plain JSON in numbered version folders. It can be read without the 

viewer, compared with diff , and archived with the notebook.

16.3 Versions by content, not by run
A run makes a new version only when the content of an artefact changes (Chapter 7). The alternative, a 

version per run, would record every repetition and make the history as long as the number of runs. A version 

per content makes the history as long as the number of different results, which is what a reader who cites 

a result needs. It also makes the cascade of Chapter 14 stop: a block that reads an unchanged result is still 

current. The Schöner project of Chapter 13 shows the condition this places on the author. A result that is 

kept in the answer rather than in an artefact is not versioned, and a changed answer keeps its old version.

16.4 No kernel
A computational notebook keeps a process, the kernel, whose state carries from cell to cell. A Famulus 

notebook has no such state. Each block is played from its preamble, its instruction, and the results it names; 

nothing else passes between blocks. The order in which blocks were run has no effect on their results, pro

vided the results they name exist, which the runner checks. What a kernel would provide, a value computed 

once and used many times, the notebook provides as an artefact that a later block names by reference, with 

the version it read recorded in the manifest.

16.5 Peers instead of copies
A notebook on a machine without collections reads the registers of another machine through that machine’s 

service; it does not receive a copy of them. Copying the collections would give every machine the full data, 

but the collections are large, change when a stage of their pipeline runs again, and would then exist in several 

states at once. A reading through the peer always reads the register in the state the peer holds, and the result 

names the peer. The price is that the reading machine depends on the peer being reachable, and that the input 

hash does not see a change on the peer (Chapter 14). A remote reference keeps a copy of the one artefact 

that a notebook took over, with its source recorded beside it.

16.6 A token in a file, passed once
Every caller who is not the machine itself presents a token. The token lies in a file on the serving machine 

and in a named variable on the calling machine; it appears neither in peers.yaml  nor in a notebook. A 

browser receives it once, in the part of an address after # , which a browser does not send to a server and 

which therefore reaches no log. The viewer posts it to /api/session  and receives a cookie in return. An 

account system would allow several users with different rights. The notebook serves one owner and the 

machines the owner admits, and for that one secret per machine is enough. Rights that differ by person, such 

as commenting without revising, are left to the Lektor.

16.7 A pass without oracle is not a pass
The verdict rule of Chapter 4 could have treated a block without an oracle as passed. It does not, because the 

display would then show the same mark for a checked and an unchecked answer, and a reader would take 
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both as checked. The words ohne Oracle cost one chip on the sheet and prevent that confusion. Chapter 15 

showed where the rule is still incomplete: a table with no rows counts as a result.

16.8 Related work
The notebook has three ancestors. Literate programming joined program and explanation in one document, 

written for a human reader and mechanically turned into a program [2]. Reproducible research demanded 

that a publication carry the means of regenerating its results. Claerbout and Karrenbach made the electronic 

document the carrier of those means [3], and Peng described a spectrum from publication alone to full 

replication, with code and data as the steps between [4]. Computational notebooks, of which Jupyter is the 

most widely used, made the interleaving of prose, code and output an everyday form and proposed it as a 

form of publication [5]. Quarto renders such documents to HTML and PDF from one source [6]; Famulus 

Notebook uses it for exactly that, and defines its block as a code block of its own language.

Famulus Notebook differs from these in three respects. First, the executable unit is not code but a declaration: 

the preamble names scope and plan, and the instruction is a question in ordinary language. The code that 

answers it lies in the register of Partituren and in the pipeline, not in the notebook. Second, every block can 

carry its expected result, and the display separates a checked result from an unchecked one. A Jupyter cell has 

an output; a Famulus block has an output and a verdict. Third, execution can be delegated to a named peer 

while the collection stays where it lies. Hosted notebook services move the notebook to the data; Famulus 

Notebook keeps the notebook where it is written and sends the question.

The notebook reads its collections through DuckDB, an embedded analytical database that opens a file read-

only in the process that needs it [7]. The short-lived read-only connection is what makes it safe for a peer 

to serve readings. The network layer relies on the transports of the local network and of Tailscale, whose 

tunnels are WireGuard [8]; it adds only the ordered endpoints, the probe, and the token.

The query pipeline, the register of Partituren and the execution harness are described in the companion 

papers [1], [9], [10], and the Famulus platform as a whole in [11]. The idea that a question is answered well 

when it is answered according to a publicly checkable standard has a philosophical side that the paper on 

LWgrammar develops [12]. Following a rule is a practice [13, PU §202]. An oracle in a block is the written 

form of the standard against which a particular answer is judged, and the store is the record of the practice.

The form of this book follows Leslie Lamport’s manual for LaTeX, which teaches a system by examples 

that show the source beside what it produces, with the reference manual in an appendix [citation gap: 

the bibliographic entry for Lamport’s LaTeX manual is not yet in the bibliography and awaits the author’s 

confirmation].

16.9 Limits
The design has limits that follow from it.

1. A block with engine  cannot use a text reference to a local artefact or a setting file, because the peer does 

not see the calling project. Such blocks are refused before they are sent.

2. A remote reading reads one collection on one peer, with one statement, at most 5,000 rows, and at most 

30 seconds.

3. Comparing a result with an oracle needs the orchestrator. A machine without it runs blocks without an 

oracle, and blocks with one only on a peer.

4. The key golden  names a golden; it does not load its oracle. A block that is to be checked against a golden 

must carry the oracle in its preamble.

5. Local files are compared by size and modification time, not by content, and a peer’s registers are not 

compared at all.

16.10 Open gaps
The following gaps were open when this book was written. Each was found by running the examples of 

this book.
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1. A reading without an oracle that returns no rows passes as ohne Oracle (Chapter 15).

2. A local reading is not held to the rules of a served reading; it may contain several statements (Chapter 15).

3. The field modell  of herkunft  names the project’s client for lwgrammar:  steps, which call no model 

(Chapter 13).

4. The PDF rendering of the Quarto extension writes the answer without converting its Markdown and 

leaves out verdict and table (Chapter 12).

5. The artefact kind timeline  has no builder of its own and falls back to Markdown.

6. The local steps are implemented in the runner and are not Partituren in the register.

7. The share links of the Lektor work for rendered documents only, not for the chapters of a notebook 

(Chapter 11).

8. The findings of Chapter 13 about the query pipeline are open: the row limit reported as scope, words of 

the instruction in the lemma decomposition and the person search, and the counts that the register does 

not reproduce (Pirckheimer 75 against 77, Kepler 45 against 44).

9. The query pipeline’s own goal check flags runs that pass their oracle and writes a note into the learning 

loop for each of them (Appendix D).

In short

• The preamble is closed, so that scope can be judged before the answer.

• Results live in a versioned store beside the notebook, one version per content.

• There is no kernel; results pass between blocks as named artefacts.

• Peers are asked, not copied; a token per machine admits them.

• An unchecked answer is shown as unchecked.

Appendices

Appendix A: Reference manual
This appendix states every rule once. The chapters taught the rules by example; here they are listed without 

examples, in the order a reader looks them up. Names in German are those of the program.

A.1 Files of a project
A project is a folder with these files:

famulus.yml

The project file (A.3).

<notebook>.fam

A notebook (A.2). The project’s integrating notebook may list chapters that lie in subfolders, such as 

kapitel/ch01.fam .

settings/*.setting.yaml

Setting files named by Partitur steps.

famulus.lock

Written by the runner (A.6).

_famulus/store/<notebook>/<block>/

The store: current.json  and one folder v0001 , v0002 , … per version (A.7).
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_famulus/build/<notebook>.qmd

Shadow copies written by build  (Chapter 12).

_famulus/cache/extern/<peer>/…

Copies of artefacts fetched from peers, each with a .source.json .

Two files outside the project belong to the machine:

~/.config/famulus/projects.yaml

The register of projects, projects: {<id>: <folder>} . The variable FAMULUS_PROJECTS  names an

other file.

~/.config/famulus/peers.yaml

The peers (A.9). The variable FAMULUS_PEERS  names another file.

An identifier of a project or a notebook consists of lower-case letters, digits and hyphens and begins with 

a letter. A block id or artefact name consists of letters, digits, underscores and hyphens and does not begin 

with a hyphen.

A.2 A notebook
A notebook is a Quarto document with the extension .fam . Its front matter holds the ordinary Quarto keys 

( title , subtitle , author , date , abstract , …) and one mapping famulus :

id

The notebook’s id. Required.

uses

Aliases for other notebooks, <alias>: fam:<projekt>/<notebook>[@selector] . They win over the 

project’s imports .

chapters

In the integrating notebook only: the chapter files, in order.

any other key

A setting of this notebook, overriding the project’s default of the same name (A.3).

A block is a fenced code block of the class {famulus} . Its text is a preamble between two lines --- , followed 

by the instruction:

```{famulus}

---

id: first-count

…

---

How many correspondents did Pirckheimer have between 1520 and 1530?

```

The instruction is a question or a task in ordinary language. It may contain placeholders 

{{ref:<reference>}}  (A.10), which the runner replaces by the path of the named artefact before the plan 

is played.

A.3 The project file
id

The project’s id. Required.

title

The project’s title.
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main

The integrating notebook, by file name with or without .fam . Without it the runner takes the first 

notebook that names chapters .

defaults

Settings every notebook inherits: collections , client  (the model), evidence , language , locked , 

and any preamble key of the scope group (A.4). A notebook’s famulus  mapping overrides them. 

project new  also writes duckdb_root: $PDAI_COLLECTIONS ; this version of the runner does not read 

it, and a path in duckdb  names the variable itself.

imports

Aliases that hold for every notebook, <alias>: fam:<projekt>/<notebook> .

moved

Old block names and their new names, <notebook>/<old>: <notebook>/<new> . A reference to the old 

name is resolved to the new one, and check  reports it.

A.4 The preamble
The keys fall into the eight groups of Chapter 2. A key not listed here reaches no step; it is part of the 

preamble’s text, so changing it makes the block stale, but the runner neither checks nor passes it.

Identity

id

The block’s id, unique in the notebook. Required.

Order

depends_on

A list of block ids of the same notebook, or references to blocks elsewhere, that must have a result before 

this block runs.

rerun

if-stale  (default; if-missing  is read as the same), always , or never  (Chapter 7). Changing rerun  

does not make a block stale.

engine

The name of a peer that runs the block, or local .

Scope

collections

The collections the block may read.

years

{from: <jahr>, to: <jahr>} ; either bound may be missing.

language , persons , terms , reading_doc , person_id , project , evidence  : Passed to the query pipeline 

as inputs of the same name.

lemmata

A list of lemmata. Requires counting_mode .

counting_mode

canonical , family  or family+adj  (Chapter 8).

locked

true : the block’s collections win over a corpus named in the question.

Data
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duckdb

A list of attachments, each {alias, path, read_only, peer} . alias  is main  for the default database; 

path  may begin with $PDAI_COLLECTIONS ; peer  makes the reading remote.

Plan (exactly one of the two)

subtask

A question for the query pipeline, one of: correspondence-count , 

correspondence-roster , letter-subject , mention-in-letters , terminology-find , 

concept-statements , statement-mention , source-attestation , sentence-mention , 

cooccurrence , manuscript-inventory , register-inventory , entity-mention-count .

partiturs

A list of steps, each {id, input, setting} . id  is duckdb-read , lwgrammar:<tool> , 

artifact:<kind> , or the id of a Partitur in the register. input  is a mapping whose values may be 

references {ref: <reference>} . setting  names a setting file of the project.

Artefacts

artefacts

A list of {name, kind, file} . kind  is one of table , report , roster-table , kwic , citation-list , 

markdown , timeline , d3-graph , proof-structure , json , figure .

Display

display

A form name, or a mapping {format, gruppe, spalten, sortierung, zeilen_sichtbar} . Forms: 

kennzahl , liste , tabelle , hierarchische-tabelle , belegliste , textkarten , netz . spalten  is 

a list of {feld, label, art} , art: zahl  for a numeric column; sortierung  is {feld, richtung} , 

richtung  auf  or ab .

Checking

oracle

A mapping from observed names to expectations: a number (equality), a range {min, max}  with either 

bound, a string (the observed value of the same name contains it, ignoring case), a boolean, or a list (every 

item is found in the observed value of the same name). A key the run did not observe fails. A reading of 

several rows observes columns , rows , n_sentences  (the number of rows) and n_documents ; a reading 

of one row also observes each numeric column.

golden

The id of the golden the oracle was taken from. It does not load the oracle.

guard

A task form of LWgrammar, or a mapping {task, lang, author, family, text, evidence} . text  

names the observed field to check (default: the answer); evidence  replaces the block’s own result as the 

evidence that numbers and citations of the text must occur in.

A.5 Rules the runner enforces
1. A preamble has an id .

2. It has exactly one of subtask  and partiturs .

3. A subtask  is one of the names in A.4.

4. lemmata  requires counting_mode .

5. Every step of partiturs  has an id ; duckdb-read  has input: sql .

6. Block ids are unique in a notebook; depends_on  forms no cycle.

7. Every block in depends_on  has a manifest before the block runs.

8. Every reference the block reads resolves to a version before it runs.
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9. A block with engine  uses no text placeholder to a local artefact and no setting file.

10. A remote reading has one peer and one collection for all attachments.

A violation of rules 1 to 5, 9 and 10 is an error of the block: it gets a version with status error , and the 

other blocks run. A block without id  is filed under the slug of its section, such as anfang#1 . A duplicate 

id or a cycle (rule 6) stops the notebook before any block runs; a missing manifest (rule 7) stops it with 

Abhängigkeit ohne Manifest: <block>  when that block’s turn comes. A reference that does not resolve 

(rule 8) makes the block wait ( hängt an <ref>, dort liegt noch keine Version ); it runs when the 

reference has a version.

A.6 The lock
famulus.lock  is YAML, written by the runner after every command that ran blocks. Its keys:

project , written

The project’s id and the time of writing.

blocks

For every <notebook>/<block> : input_hash , status , version , consumes  (a list of 

{ref, version, sha} ), and produces  (a list of {name, version, sha} ).

The selector @locked  resolves a reference to the version the lock names.

A.7 The store
Each block has a folder _famulus/store/<notebook>/<block>/  with current.json , 

{"version": N, "since": "<time>"} , and one folder per version. A version folder holds:

manifest.json

id , version , input_hash , input_parts  ( text , inputs , upstream ), consumes , status , started , 

finished , runs , artefacts , and error  after a failed run.

result.json

id , frage , antwort , urteil  ( pass , unchecked , fail , gap , error ), messwerte  (a list of 

{name, label, beobachtet, erwartet} ), artefakte , herkunft  ( partitur , modell , sammlungen , 

dauer_ms , and peer  for a remote run), and display .

verdict.json

status , oracle , observed , note , id , golden , and guard  for a guarded block.

report.json

id , question , answer , status , counts .

trace.json

The trace of the harness, for subtasks and harness steps.

artefacts/<file>

The declared artefacts, each an envelope (A.8).

A manifest entry of an artefact names name , kind , file , ref , version , sha256 , and written_at .

A.8 The envelope
Every artefact file is a JSON object with two keys:

{

  "famulus": {

    "ref": "fam:<projekt>/<notebook>/<block>.<artefakt>",

    "version": 2,

    "sha256": "<checksum of data>",

    "created": "<time>",
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    "produced_by": {

      "notebook": "<projekt>/<notebook>",

      "block": "<block>",

      "input_hash": "<hash>",

      "partitur": "<first step>",

      "model": "<model, empty for local steps>"

    },

    "derived_from": [{"ref": "…", "version": 1, "sha": "…"}]

  },

  "data": { "artifact_type": "…", "title": "…", "data": { … } }

}

The checksum is taken over data  alone, so the header can change without changing the version. A table’s 

rows lie at data.data.rows ; a roster’s entries at data.data.entries .

A.9 Peers
peers.yaml  holds one entry per peer:

peers:

  mac-studio:

    kind: notebook

    endpoints:

      - http://100.102.189.23:5118

      - https://mac-studio.tail147011.ts.net/famulus-notebook

    token_env: FAMULUS_TOKEN_MAC_STUDIO

kind

notebook , ai-query , lektorat , viewer  or mcp .

endpoints

Tried in order. A probe waits at most 1.5 s for each; the first that answers is used for 60 s.

token_env

The variable that holds the peer’s token. Without it, FAMULUS_PEER_TOKEN  is used.

A.10 The grammar of references
A reference names a block, or an artefact of a block, and optionally a version:

reference   = [ peer ] , ( full | short ) , [ "@" , selector ] ;

peer        = "peer:" , id , "/" ;

full        = "fam:" , id , "/" , id , "/" , target ;

short       = target

            | id , "/" , target ;          (* notebook, or alias *)

target      = name , [ "." , name ] ;       (* block, or block.artefact *)

selector    = "latest" | "locked"

            | "v" , digit , { digit }

            | "sha:" , hex , hex , hex , hex , { hex } ;

id          = lower , { lower | digit | "-" } ;

name        = ( letter | digit | "_" ) , { letter | digit | "_" | "-" } ;

placeholder = "{{ref:" , reference , "}}" ;

A short reference is resolved against the notebook it stands in: name.name  in the same notebook, 

id/name.name  in a notebook of the same project or through an alias of uses  or imports . Without 

a selector a reference means @latest . A sha:  prefix has 4 to 64 hexadecimal digits. The form 

peer:<peer>/<notebook>/<block>.<artefakt>  of older peers is still read.
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A.11 Environment variables
Table 14  Environment variables.

Variable Meaning Default

PDAI_COLLECTIONS folder of the collections /Volumes/PDAI-1/pdai-

collections

FAMULUS_NOTEBOOKS further folders with projects, 

separated by :

none

FAMULUS_NOTEBOOK_HOME the installation folder the package’s folder

FAMULUS_JOURNAL folder of one’s own projects, the 

journal and generated goldens

~/Documents/Famulus/

Notebooks

FAMULUS_NOTEBOOK_PORT the server’s port 5118

FAMULUS_PROJECTS the register of projects ~/.config/famulus/

projects.yaml

FAMULUS_PEERS the peers ~/.config/famulus/

peers.yaml

FAMULUS_TOKEN , 

FAMULUS_TOKEN_FILE

this server’s token ~/.config/famulus/token

FAMULUS_TRUST_TAILNET admit the tailnet without token off

FAMULUS_PEER_TOKEN token for peers without 

token_env

none

LEKTORAT_URL the Lektor http://127.0.0.1:5114

AIQUERY_URL the query service http://127.0.0.1:5113

PARTITUR_SCORE the query pipeline’s score found from the installation

Appendix B: The command line
All commands are subcommands of one program:

famulus-notebook <command> [options] [target]

The program is installed into the virtual environment of the installation; install.sh  puts nothing on the 

search path, so a reader either activates that environment or calls .venv/bin/famulus-notebook . A target 

is a project folder or a .fam  file; where it may be left out, the current folder is meant. The program’s own 

messages are in German, as in the rest of the book.

Every command ends with a status: 0 for success, 1 when a block did not pass, a check found something, or a 

peer was unreachable, and 2 when the command itself was used wrongly. A mistake the program recognises 

(a preamble, a reference, a peer, a project) is printed as one line famulus-notebook: <message>  with status 

1; Chapter 15 lists the messages.

Installing
The workspace is installed from its folder with one script:

$ cd ~/ai-mac-studio/development/famulus-notebook

$ ./install.sh [--run] [--launchd] [--token] [--host <address>] [--trust-tailnet]
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Without options the script installs the parser, the viewer, the command line and the Quarto site; it needs uv , 

npm  and pandoc . The options add:

--run

block execution, through the agent orchestrator and ai-query, which must lie beside the workspace;

--launchd

the service com.ai-platform.famulus-notebook , started at login;

--token

a token in ~/.config/famulus/token , mode 0600, if there is none;

--host <address>

an address beyond loopback to listen on; it requires a token or --trust-tailnet ;

--trust-tailnet

admission of the tailnet’s addresses without a token.

A machine that only reads and writes notebooks, and sends its blocks to a peer, needs no option (Appendix D).

Running
run <target> [--block <id>] [--force]

Runs a notebook, or every notebook of a project. Blocks whose inputs are unchanged are not played 

again (Chapter 7). --block  runs only that block and the blocks it depends on; --force  plays every 

block, changed or not. While the run lasts, one sentence per event is printed; at the end, one line of JSON 

with the status of each block. Status 1 if a block ended neither in pass  nor in gap .

refresh [<target>] [--dry-run] [--nur-projekt]

Runs exactly the blocks that are not current, producers first; before that, the other local projects this one 

reads with @latest  (Chapter 14). --dry-run  only prints what would run; --nur-projekt  leaves the 

other projects alone.

status [<target>] [--why] [--json]

Prints one line per block: its state ( aktuell , veraltet , wartet , fehlt ), its name, its version and its 

verdict. --why  adds the reason for each block that is not current. Status 1 if any block is not current.

Checking
check [<project> …] [--ohne-termini] [--json]

Checks the notebooks of the named projects, or of all projects found, and reports five kinds of finding: a 

block whose inputs changed since its run ( veraltet ), a block without a run or without a passing verdict 

( Urteil ), a reference whose target does not exist or that still uses a name listed under moved  ( Verweis ), 

a paragraph that conflicts with a rule of LWgrammar ( Termini ), and two blocks that make the same 

reading and report different values ( Zahlen ) (Chapter 6). --ohne-termini  leaves out LWgrammar; an 

unreachable LWgrammar is itself a finding. Status 1 if anything was found.

Projects
list

Prints every project the program finds, with its folder and its notebooks, and marks the integrating 

notebook.

project new <folder> [--id <id>] [--notebook <id>] [--title <text>]

Creates the folder with a famulus.yml  and one empty notebook, and enters the project into the register. 

The id defaults to the folder’s name.

project register <folder>

Enters an existing project into the register.
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project migrate <package> --to <folder> --id <id> --notebook <id> [--keep]

Moves a package of the older form ( notebook.qmd  with a log/  folder) into a project. For each block it 

reports whether the old result is still current. --keep  leaves the old package in place.

Building
build [<project>]

Writes the shadow copies of the project’s notebooks (Chapter 12). Without a project it writes those of 

every project of the site and updates the site’s _quarto.yml .

render

Builds the shadow copies of the site and renders the site with Quarto.

goldens [--out <folder>] [--manifest-only]

Writes a notebook with one block per golden query of the query pipeline (Chapter 9). By default it also 

takes the ground truth kept in the pipeline’s memory; --manifest-only  takes only the manifest.

Peers
peers list [<name>]

Prints each peer with its kind and its endpoints.

peers probe [<name>]

Tries each endpoint of each peer and prints whether it answers. Status 1 if a peer answers on no endpoint.

peers add <name> --endpoint <url> [--endpoint <url> …] [--kind <kind>] [--token-env 

<variable>]

Enters a peer; the endpoints are tried in the order given.

Serving
serve [--host <address>] [--port <n>]

Starts the viewer and the interface of Appendix C. The address defaults to 127.0.0.1 , the port 

to 5118. The access log never keeps a token given in an address. An installation started by 

install.sh --launchd  runs as the service com.ai-platform.famulus-notebook  and is restarted 

with launchctl kickstart -k gui/$(id -u)/com.ai-platform.famulus-notebook  rather than by a 

second serve .

Appendix C: The HTTP interface
famulus-notebook serve  answers on port 5118. The viewer uses the same interface as a peer does; nothing 

in it is reserved for the browser. Paths are relative to the server’s root, so the interface also works behind a 

proxy that adds a prefix, such as /famulus-notebook .

C.1 Admission
Three kinds of request are admitted:

1. a GET  of the viewer’s page, its assets and the rendered site ( /notebook , /assets/… , /docs/… ), from 

anywhere;

2. any request from the machine itself, made directly and not through a proxy;

3. any request that presents the server’s token, as Authorization: Bearer <token>  or as the cookie 

famulus_token .

With FAMULUS_TRUST_TAILNET  set, requests from the tailnet’s addresses are admitted as well. Every other 

request is refused with status 401 and one of two reasons: Token fehlt oder falsch  if the server has 

a token, Dieser Server ist nur lokal freigegeben  if it has none. A server without a token therefore 

serves only its own machine.

POST /api/session  turns a token presented once into the cookie, so that a browser need not present it again.
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C.2 Notebooks and projects
GET /api/projects

Every project found: id , title , root , legacy , main , and its notebooks  ( id , key , title , file ).

GET /api/notebooks

Every notebook: id  (the key <projekt>/<notebook> ), project , project_title , notebook , title , 

and main .

GET /api/notebooks/<key>

One notebook as the viewer shows it: its sections, each a list of text segments and blocks. A block carries 

its instruction, its preamble as YAML, its state and the reasons for it, its version, its verdict note, its 

declared artefacts and its result. A front matter that is not valid YAML gives status 422 with the file and 

the line.

POST /api/notebooks/<key>/blocks

Appends a question as a new block; the body is {question, collections} . The journal is created on 

first use.

GET /api/notebooks/<key>/artefact/<block>/<name>

The current version of an artefact. 404 if the manifest does not name it or the file is missing.

GET /api/notebooks/<key>/trace/<block>

The stages of the block’s trace, one row per stage with its duration, its attempts and its error.

C.3 State and running
GET /api/status?nb=<key>

The state of every block of the notebook’s project, as status --json  prints it.

POST /api/notebooks/<key>/run[?block=<id>]

Runs the notebook, or one block with its dependencies. The answer is a stream of server-sent events, one 

JSON object per event, ending with notebook_done .

POST /api/refresh?nb=<key>[&dry_run=true]

Runs the stale blocks of the notebook’s project, producers first. The stream ends with refresh_done .

GET /api/coherence[?nb=<key>][&termini=false]

The report of check , for one notebook or for all.

GET /api/health

service , version , the number of notebooks, the folders searched, whether the engine is available, and 

whether the viewer is built.

C.4 Artefacts by reference
GET /api/artefacts/<reference>[?head=true]

The artefact a canonical reference fam:…  names, as its envelope (Appendix A.8). With head=true  only 

the header. Status 400 for any other form of reference, 404 if the reference does not resolve or the version 

has no file.

This is the call a peer makes when a notebook elsewhere reads peer:<name>/fam:… .

C.5 Collections
GET /api/collections

The folder of the collections, whether it is mounted, and for each collection its name , its state from 

status.json , its number of documents and its databases.
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POST /api/collections/<name>/read

A read confined to one collection. The body is {sql, duckdb, limit} : one SELECT  or WITH  statement, 

the attachments (paths relative to the collection, or beginning with $PDAI_COLLECTIONS/<name>/ ), 

and a row limit of at most 5000. The databases are opened read-only; then access to other files 

and changes of configuration are locked, and the read is interrupted after 30 seconds. The answer is 

{columns, rows, n_sentences, n_documents, truncated} . A refused statement or path gives 400, a 

missing file 404, an attempt to reach another file 403.

These checks hold only for a read served to a peer. A read a notebook makes on its own machine is not 

checked in this way (Chapter 15).

C.6 Running a block for a peer
GET /api/peer

What this server is: service , version , machine , whether the engine is available, its notebooks, its 

collections folder, and its capabilities  ( notebooks , artefacts , collections-read , run-block , and 

partitur  when the engine is present).

POST /api/run-block

Runs one block sent by a peer. The body is {block: {preamble, instruction}, famulus} ; the 

preamble’s engine  is removed, so the block runs here. The server runs it in a scratch folder, streams its 

events, and ends with remote_done , whose log  carries the block’s files and artefacts. The scratch folder 

is deleted afterwards; the caller writes the result into its own store and names the answering endpoint 

in herkunft.peer .

C.7 Neighbours
/lektorat/…

Passed to the Lektor (port 5114) under the same origin. Only a direct request from the machine itself is 

passed as the owner; every other request is passed with its address, and the Lektor asks for its own login.

POST /api/annotations

A note on a block, passed to the learning loop of the query pipeline (port 5113). Only from the machine 

itself; otherwise 403.

GET /api/learn

The notes, learning runs and instruction versions of that loop, as the viewer’s learning pane shows them.

Appendix D: Setting up a second machine
This appendix gives the procedure Chapter 11 left out: how a second machine is made a coauthor of the first. 

It is the procedure by which the transcript of Chapter 11 was produced, on 23 September 2026, between the 

author’s Mac Studio and a Mac mini of the same tailnet. The Mac Studio holds the collections, the orchestrator 

and the query pipeline; the Mac mini holds none of them.

D.1 The machine that serves
On the serving machine the notebook service needs a token, and it must be reachable from the other machine.

1. Create the token once:

$ ./install.sh --run --launchd --token

The token is written to ~/.config/famulus/token  with mode 0600. It is read from there by the service 

and is never printed.

2. Decide how the service is reached. The service listens on the loopback address unless install.sh --host  

says otherwise. On the Mac Studio it stays on loopback and is reached through the platform’s proxy under 

Tailscale Serve, as https://mac-studio.tail147011.ts.net/famulus-notebook . A request through the 
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proxy carries a forwarded address, so it is never taken for a request of the machine itself and must present 

the token.

3. Check from the serving machine that the service answers:

$ nc -z 127.0.0.1 5118; echo $?

0

D.2 The machine that calls
1. Install the workspace without --run : the calling machine needs the parser, the viewer and the command 

line, not the orchestrator.

$ ./install.sh

The installer requires uv , npm  and pandoc . pandoc  must also be on the search path of every later 

command; a shell opened by ssh  without a login profile may lack it, and every command that reads a 

notebook then ends with pandoc fehlt: der Parser braucht pandoc im PATH .

2. Copy the serving machine’s token into a file only the user can read, such as 

~/.config/famulus/mac-studio.token  with mode 0600, by a channel that keeps it out of any log. Export 

it into a variable before each session:

$ export FAMULUS_TOKEN_MAC_STUDIO=$(cat ~/.config/famulus/mac-studio.token)

3. Enter the peer, with its endpoints in the order they are to be tried:

$ famulus-notebook peers add mac-studio \

    --endpoint http://100.102.189.23:5118 \

    --endpoint https://mac-studio.tail147011.ts.net/famulus-notebook \

    --token-env FAMULUS_TOKEN_MAC_STUDIO

The first endpoint is refused, because the service listens on loopback only. It is kept in the list on purpose: 

the test shows that the probe falls through to the next endpoint.

D.3 The checks before the first run
Three checks must pass before a block is sent. The first is the probe:

Specimen · The probe from the Mac mini

$ famulus-notebook peers probe mac-studio

  mac-studio http://100.102.189.23:5118: [Errno 61] Connection refused

  mac-studio https://mac-studio.tail147011.ts.net/famulus-notebook: antwortet

mac-studio: erreichbar über https://mac-studio.tail147011.ts.net/famulus-notebook

The second is admission. Each request below was sent from the Mac mini to the Mac Studio’s tailnet address; 

the right column gives the status and the total time curl  measured:
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Specimen · Admission from the Mac mini

GET /api/peer without token: 401 0.095721s

GET /api/peer wrong token: 401 0.091659s

GET /api/peer with token: 200 0.230602s

POST /api/collections/pirckheimer/read without token: 401 0.096313s

POST /api/annotations with token: 403 0.095811s

GET /docs/ without token: 200 0.171632s

A request without the token and one with a wrong token are refused alike; a note to the learning loop is 

refused even with the token, because notes are taken only on the owner’s machine; the rendered site is 

public.

The third check is the peer’s description, GET /api/peer  with the token. Its capabilities  must name what 

the blocks will ask for: collections-read  for a remote read, artefacts  for a remote reference, run-block  

and partitur  for a remote run. The Mac Studio names all five.

D.4 The test notebook
The notebook zwei  of Chapter 11 has one block for each way of using a peer:

by-direction

reads the Pirckheimer register on the peer, through a duckdb  attachment with peer: mac-studio ;

roster-size

reads the roster of the Pirckheimer project on the peer, through a placeholder 

{ref:peer:mac-studio/fam:pirckheimer-briefwechsel/briefpartner-1520-1530/briefpartner-

roster.roster}

;

count-there

plays the question of Chapter 1 on the peer, with engine: mac-studio  and the oracle 75.

Chapter 11 shows the transcript of its first run and of the refresh after the instruction of count-there  was 

completed. On 24 September 2026 the status on the Mac mini was unchanged:

Specimen · Status on the Mac mini

$ famulus-notebook status zwei --why

aktuell   zwei/by-direction  v1     pass

aktuell   zwei/roster-size   v1     pass

aktuell   zwei/count-there   v1     pass

zwei: 3 Blöcke, 0 nicht aktuell

D.5 What the test found
The test did not pass at the first attempt. Each failure was a defect of the program, not of the network, and 

each was corrected before the transcript of Chapter 11 was taken:

1. The remote read and the remote reference ended as errors on the Mac mini, because every verdict, even 

one without an oracle, went through the orchestrator, which the Mac mini does not have. A block without 

an oracle is now judged without it; a block with an oracle still needs it, which is why count-there  runs 

on the peer (Chapter 16).

2. A fetched artefact was stored under a name derived from the whole reference, which destroyed the 

artefact’s name. Fetched artefacts now lie under _famulus/cache/extern/<peer>/… , one folder per peer, 

notebook and block, each with a .source.json .
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3. The installer failed on the machine without --run , because the lock file of the environment names 

the orchestrator and the query pipeline as neighbouring folders. Without --run  the installer no longer 

resolves them.

4. The probe of a Lektor peer asked for the wrong path and got 404.

One observation concerns the query pipeline rather than the notebook. The remote run that passed its oracle 

was, at the same time, flagged by the pipeline’s own goal check as not reaching its goal, and the check wrote 

a note into the learning loop. The notebook shows the oracle’s verdict; the disagreement is listed among the 

open gaps of Chapter 16 and returns in Appendix E.

Appendix E: A baseline of the query pipeline
Famulus Notebook changes nothing in the query pipeline that answers its subtasks. It replaces the pipeline’s 

user interface, and it reads the pipeline’s goldens (Chapter 9). To show that the pipeline was not disturbed 

by the notebook, its standing delivery gate was run on 23 September 2026, against the query service on 

port 5113:

$ .venv/bin/python scripts/chat_golden_loop.py --parallel 2

The gate drives every golden through the function the pipeline’s chat answers with, and sorts the outcomes 

into four verdicts:

DELIVERED

an answer reached the caller and did not fail its oracle;

WRONG

an answer reached the caller and failed its oracle;

EMPTY

no answer reached the caller;

ERROR

the run broke off before an answer could be taken.

It also prints the pipeline’s own grade of each run. That grade is taken before the answer is delivered, and it 

is not the oracle’s verdict.



Famulus Notebook 105

Specimen · The gate on 23 September 2026

29/41 DELIVERED  9 WRONG  3 EMPTY  0 ERROR

engine: gemini-3.5-flash-lite=41

EMPTY (synthesis not delivered to caller):

  gnd-pirck-b-schoener-subject  empty synthesis; last stage: goal-check

  ground-kepler-sec-kepler  empty synthesis; last stage: goal-check

  ground-sundial-geometry-1  empty synthesis; last stage: goal-check

WRONG (delivered but oracle check failed):

  R1  n_sentences: 0 < min 30

  R5  n_sentences: 2 < min 50

  K4  n_letters: 200 > max 25

  K5  n_sentences: 0 < min 100

  ground-diaries-translit-1  n_sentences: 0 < min 1

  ground-euler-iva-letters-1  n_letters: 0 < min 1

  ground-eulerOO-vis-motus  n_sentences: 0 < min 30

  ground-pirckheimer-3  matches: missing (expected ['Savorgnanus', 'Schöner'])

  ground-pirckheimer-4  n_letters: 200 > max 80; n_unique_correspondents: …

The last line is shortened here; the gate goes on to list the filters of topic and direction that the answer did 

not apply.

The gate’s threshold is 28 delivered goldens; the run meets it. Every golden was answered by 

gemini-3.5-flash-lite .

What the numbers say
The figure 29 must be read with the four verdicts in mind, because they are not all of one kind.

1. Two of the 29 have no oracle. gnd-pirck-a-corr-count  and gnd-pirck-c-hartmann-mention  are 

counted as delivered because an answer reached the caller; there was nothing to compare it with. In the 

terms of this book they are ohne Oracle, not bestanden (Chapter 4).

2. Two WRONG goldens fail on one limit. K4  reports 200 letters against a maximum of 25, 

ground-pirckheimer-4  200 letters against a maximum of 80. 200 is the row limit of the pipeline’s query 

step, reported as if it were the scope of the answer; Chapter 13 met the same limit in the Kármán project.

3. Five WRONG goldens found no sentences or letters at all, where the oracle expects at least one: R1 , 

K5 , ground-diaries-translit-1 , ground-euler-iva-letters-1 , ground-eulerOO-vis-motus .

4. The three EMPTY goldens end at the goal check. The pipeline produced an answer and its own check 

withheld it.

5. The pipeline’s grade and the oracle disagree in both directions. Two goldens are delivered, with a 

passing oracle, and graded “incorrect” by the pipeline: euler-goldbach , whose correct answer is a gap, 

and golden-karman-manuscripts-inventory . Nine goldens are WRONG, and the pipeline graded seven 

of them “correct”. Appendix D met the first direction on the second machine.

The notebook shows the oracle’s verdict and never the pipeline’s grade. The baseline is the reason: on these 

41 questions the grade would have said “correct” of seven answers that were wrong.

How the baseline is repeated
The gate writes every WRONG and EMPTY outcome into the pipeline’s register of delivery gaps, and its 

runs go through the same goal check that writes notes into the learning loop. It is therefore not repeated for 

the sake of a figure in a book; it is to be repeated after each change to the pipeline, and its summary then 

replaces the one above. That rule has not been kept for this edition: two files of the pipeline, guard.py  and 

pipeline/synthesis.py , were changed at 16:14 on the same day, after the run ended at 12:54; the summary 

above describes the pipeline before that change, and whether the change moved any verdict is open.
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Appendix F: For famuli
A famulus is a software agent that reads and writes notebooks. This appendix collects the boxes For famuli 

of the chapters, ordered by what a famulus does, and adds the rules of conduct that follow from them. The 

formal contracts of the files are in Appendix A; this appendix says what a famulus may conclude from them 

and what it must not do.

F.1 Rules of conduct
1. Report the verdict the result states, not a better one. Report result.json.urteil , not 

verdict.json.status . A block with urteil: unchecked  has not been checked; saying “passed” of it is 

false (Chapter 1).

2. Do not retry a gap. A gap  is an answer: the data cannot answer the question. Retry an error  only after 

the cause named in verdict.json  is removed; do not retry either with another model in the hope of a 

pass (Chapter 4).

3. Change the question, not the answer. When a verdict is wrong, change the preamble or the instruction 

and run again; never edit a result, an artefact or a manifest. A result that was not produced by a run is 

not a result (Chapters 7 and 10).

4. Decide identity by checksum. Two results are the same when their sha256  values are equal, whatever 

their timestamps (Chapter 7).

5. Never write a token. Not into a notebook, a peers.yaml , a log or a message. Read it from the file where 

it is kept, put it into the variable that token_env  names, and pass only the variable’s name (Chapter 11).

6. Leave notes to the owner. A note on a block goes into the learning loop of the query pipeline and 

changes its instructions. A famulus does not send notes on its own account; it proposes them.

7. Take every number of the prose from a result. check  compares two blocks that make the same 

reading, but it does not compare the prose with the results. A famulus that writes prose takes each number 

from a result and names the reference it comes from, so that a reader can check it (Chapters 6 and 12).

8. Add no judgement of the author. An instruction of the owner is a directive about the text. A famulus 

that revises carries it out and does not add remarks about the author, the text or the instruction (Chapter 9).

F.2 Verdicts
verdict.json  field status  is one of pass , fail , gap , error . result.json  field urteil  equals status , 

except that status: pass  with an empty or missing oracle  becomes urteil: unchecked  (Chapter 1).

A fail  writes no artefact files; the manifest’s artefacts  list is empty, and a block that reads the 

artefact through a placeholder waits with hängt an <ref>, dort liegt noch keine Version , “depends 

on <ref> , which has no version yet” (Chapter 4).

F.3 The preamble
Precedence for every scope key: the block’s preamble, then the notebook’s settings, then nothing. No key is 

inferred from the instruction. The instruction becomes goal , inputs.instruction  and inputs.raw_query  

of the run request; years  becomes inputs.year_from , inputs.year_to  and inputs.years  (Chapter 2).

The settings of a notebook are the project’s defaults , updated with the notebook’s own famulus:  mapping 

minus id , uses  and chapters . For a subtask, language , persons , lemmata , counting_mode , evidence , 

reading_doc , person_id , project , terms  and locked  are taken from the preamble if present, else from 

the settings. years  is read from the preamble only, client  from the settings only. Inside the orchestrator, 

explicit input wins over a setting file, and a setting file over the Partitur’s default (Chapter 5).

The accepted subtask  values are listed in Appendix A. Any other value is refused before the run with 

unbekannter subtask '<value>'  (Chapter 2).

A subtask name is carried twice. The request’s subtask  input is overwritten by the Partitur’s decomposition 

stage, so the runner also passes the name as notebook_subtask , which no stage writes. The pipeline’s 

routing chooses the specialist for that name over the one its classifier would choose; the lemma stage takes 

the preamble’s lemmata  as given for a co-occurrence (Chapter 14).
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F.4 Reading data
duckdb  entries: alias  (a Python identifier, default main ), path  (absolute or with $PDAI_COLLECTIONS ), 

read_only . Only files ending in .duckdb  or .db  are attached; any other entry is skipped with

out a message, so a Parquet file is read with read_parquet , not attached. The corpus root is 

/Volumes/PDAI-1/pdai-collections  when PDAI_COLLECTIONS  is not set (Chapter 8).

A read served to a peer is stricter: one statement, SELECT  or WITH  only, paths inside one collection, no 

external file access, at most 5000 rows and 30 seconds (Appendix C). A read on the famulus’s own machine 

is not held to these rules; a famulus holds itself to them.

A sentence of a collection is identified by the triple (doc_id, pidx, sent_idx) , because sent_idx  starts 

again on every page. A count of lemmata states its mode, canonical , family  or family+adj ; a count in a 

bilingual edition states its language (Chapter 8).

F.5 Results and versions
result.json.display  is always a mapping with at least format . Rows are read from data.entries  or 

data.rows  of the artefact’s payload. For kennzahl , result.json.messwerte  lists one entry per figure with 

name , label , beobachtet  (observed) and erwartet  (expected; empty when no oracle names the figure) 

(Chapter 3).

current.json  is {"version": N, "since": <time>} . A version folder vNNNN/  holds manifest.json , 

report.json , result.json , verdict.json  and artefacts/ , and trace.json  for a subtask. An 

unchanged rerun rewrites the manifest’s input hash but not the artefact file, so the envelope’s created  and 

input_hash  belong to the run that first made the content (Chapter 7).

The trace is served at GET /api/notebooks/<notebook>/trace/<block> . A local step has no trace. The 

origin of a result is the field herkunft : partitur , modell , sammlungen , dauer_ms , and peer  for a block 

that ran elsewhere (Chapter 10). For lwgrammar:  steps modell  names the project’s client although no model 

was called (Chapter 16).

F.6 References
A selector matches latest , locked , v<digits>  or sha:<4–64 hex> ; anything else is refused with 

unbekannte Version @<x> (latest, vN, sha:…, locked) . @locked  falls back to the current version 

when the lock has no entry for the name. @sha:  is refused with keine Version mit sha:<x>  when no 

version has that checksum. A short name’s selector applies only when the reference itself says @latest  or 

nothing (Chapter 6). The grammar is in Appendix A.

F.7 Annotation
Fine correction and reformulation are told apart by the share of changed words: above 50 % the Fassung 

is a reformulation. The share is computed on words, so a changed word counts once whatever its length 

(Chapter 9).

A rendered paragraph carries its source range in data-pos  (for example data-pos="9-11" ) and its identity 

in data-seg-id , the section’s slug and the ordinal of the paragraph within the section. An annotation is 

anchored by the source range and the stored text, never by the identity alone; the identity changes when a 

paragraph is inserted before it. The Lektor’s store is annotations.duckdb  of ai-lektorat , with the tables 

annotations , revision_runs  and segment_versions  (Chapter 9).

F.8 Rendering and running
The Quarto extension reads famulus-build  from the shadow copy’s front matter, finds every block, and 

reads result.json  and the first artefact from the block’s version folder. A shortcode whose reference was 

not resolved writes Verweis … ist nicht aufgelöst (famulus-notebook build). rather than guessing a file. Nothing 

in the extension calls the runner (Chapter 12).

At most two blocks of a notebook run at a time. A block that plays a Partitur makes several model calls and 

opens several DuckDB connections, one after the other; local steps finish in milliseconds (Chapter 14).
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Appendix G: Solutions to the exercises
The solutions were worked in a copy of the companion project on 24 September 2026; figures are those of 

that copy. Where an exercise asks you to try something, the solution says what happened when it was tried.

Chapter 1
1.1 Both blocks run, but only first-count  gets a new version. Its preamble changed, so it is stale (veraltet). 

first-list  depends on it and waits for it (wartet), then runs; its own statement still reads 1520–1530, so 

its table is the same as before and it keeps its version (v1 unverändert). A block runs again when something 

it depends on changed; it gets a new version only when its result changed.

1.2 The viewer shows ten rows and no button for more, because ten rows are fewer than the twelve a table 

shows. partners.json  holds exactly ten rows as well: LIMIT  belongs to the reading, not to the display, so 

the other 67 correspondents are not in the artefact at all.

1.3 urteil: unchecked . With an oracle, urteil  would become pass  or fail , and each figure the oracle 

names would get its expectation in erwartet , which is empty now.

Chapter 2
2.1 id : identity. years : scope. subtask : plan. golden  and oracle : checking. display : display. duckdb : 

data. artefacts : artefacts. The block has no key of the order group; its collection comes from the project’s 

defaults.

2.2

id: letters-1522

display: kennzahl

duckdb:

  - {alias: main, path: $PDAI_COLLECTIONS/pirckheimer/pirckheimer.duckdb, read_only: 

true}

partiturs:

  - id: duckdb-read

    input:

      sql: |

        SELECT count(*) AS n_letters FROM letters_resolved

        WHERE TRY_CAST(left(date_when, 4) AS INTEGER) = 1522

artefacts:

  - {name: count, kind: table, file: count.json}

collections  can be left out; a duckdb-read  does not use it at all, because the attachment names the file. 

duckdb  cannot be left out: the defaults name no database. artefacts  can be left out if the result need not 

be read by another block.

2.3 The runner files the block under the slug of its section, such as anfang#1 , and ends it as an error: 

Präambel ohne id. The other blocks of the notebook still run. No block can name it in depends_on , because 

it has no name; a depends_on  with a name that no block has is reported by check  (kein solcher Block) and 

stops the run when that block’s turn comes (Abhängigkeit ohne Manifest).

Chapter 3
3.1

display:

  format: liste

  spalten:

    - {feld: name, label: Correspondent}

    - {feld: count, label: Letters, art: zahl}



Famulus Notebook 109

The row limit stays twelve, the default of the table’s form, because the mapping does not set 

zeilen_sichtbar . All 77 rows remain in the artefact; the list shows twelve and the rest behind the button.

3.2 gruppe: name , with spalten  for kind  and count . The statement already returns the column name , 

the place, which now forms the groups; it need not change. Because HAVING count(*) >= 5  applies to each 

pair of direction and place, a place may appear with only one direction.

3.3

The register dates most letters to 1525, 105 of the 354. The letters of

each year, by direction:

{{< famulus letters-by-year.years >}}

The year and the number are taken from ch03/peak-year ; a page that is to stay right after a later run should 

insert that result too, rather than repeating the figure in prose.

Chapter 4
4.1

oracle:

  n_sentences: {min: 70}

  rows: [Erasmus]

A range and a list. A reading of several rows observes its number of rows as n_sentences  and the rows 

themselves as rows ; the list form looks for Erasmus in them and finds Erasmus, Desiderius. The verdict is 

bestanden. A substring on the answer ( answer_contains: Erasmus ) does not work: the answer of a table is 

only 77 Sätze, and the key would have to name an observed value.

4.2 Its oracle 75 does not hold (77 were observed), and a block that does not pass writes no artefact. A block 

that reads {ref:count-golden.count}  waits: hängt an …, dort liegt noch keine Version.

4.3 Change one thing: widen the years, or narrow them, and ask the same question again. If the pipeline 

still reports 200, the figure is a limit, not a count; if it changes with the scope, compare it with the register’s 

count for the same scope, letter by letter. Chapter 13 made this check: 200 is the row limit of the pipeline’s 

query step.

Chapter 5
5.1 The integrating notebook lists the chapters, in 

famulus: chapters: [kapitel/a.fam, kapitel/b.fam] ; famulus.yml  names it with main . status  

reports the notebooks in the order of that list, producers before consumers when one chapter reads another.

5.2 karman-nachlass : the notebook’s famulus:  mapping overrides the project’s defaults. With 

collections: [kepler-prim]  in the block, the block reads kepler-prim ; the preamble wins over both. A 

list replaces the list below it; it is not joined with it.

Chapter 6
6.1 In ch02.fam , first-count.count  means fam:lehrbuch/ch02/first-count.count , a block of 

the same notebook. There is none; first-count  lives in ch01 , so the short name must be 

ch01/first-count.count , and check  reports the wrong one. In ch04.fam , ch01/first-list.partners  

means fam:lehrbuch/ch01/first-list.partners . pirck/briefpartner-roster.roster  means 

fam:pirckheimer-briefwechsel/briefpartner-1520-1530/briefpartner-roster.roster  everywhere 

in the project, because pirck  is an alias of imports .

6.2 The lock records that star  read version 1 of the roster. With the version number: 

pirck/briefpartner-roster.roster@v1 . With the lock: @locked .
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6.3 Change the id  to year-table  and add ch03/letters-by-year: ch03/year-table  under moved  in 

famulus.yml . The reference letters-by-year.years  in peak-year  is then resolved to the new name, but 

moved  does not apply to depends_on : change that entry to year-table . The results of the old name stay 

under its folder; the renamed block has no result until it runs, so run it. Until you also write the new name 

into peak-year , check  reports heißt jetzt fam:lehrbuch/ch03/year-table.years (moved).

Chapter 7
7.1 After the edit, letters-by-year  is veraltet and peak-year  wartet. After the refresh the table has a new 

version; peak-year  runs because what it read changed, finds 1525 with the same number of letters, and 

keeps its version. It is current, and the blocks that read it do not run.

7.2 It read fam:lehrbuch/ch07/span.span@v1 , version 1, with the checksum 8fe937c252b32a0d . 

Open _famulus/store/ch07/span/v0001/artefacts/span.json  and compare the first sixteen digits of 

famulus.sha256  with the lock’s sha . They agree.

7.3 rerun: never  for a result that must not be made again by accident, such as a run of a paid model whose 

answer the text cites. rerun: always  for a block whose answer can change without any change of its input, 

such as the statements about the Canones Sapheae in Chapter 13, which a language model extracts.

Chapter 8
8.1 WHERE lang = 'de' AND doc_id = 'kgw-01' . The volume has 2,917 German sentences.

8.2 Without pidx  the key counts, in each of the 26 Latin volumes, the distinct sentence numbers that occur 

on any page: a volume counts as many sentences as its longest page has. Document by document:

SELECT sum(n) FROM (

  SELECT doc_id, count(DISTINCT sent_idx) AS n

  FROM stz_sentences WHERE lang = 'la' GROUP BY doc_id)

It returns 5,357.

Chapter 9
9.1 The card lists one goal, the replacement: the old phrase must be gone and the new phrase present. It is 

checked mechanically. Change nothing else., if you added it, is listed as unchecked. The formulation check 

reports the replaced statement as added; since the replacement was recognised as an order, that finding no 

longer blocks.

9.2 A reformulation, if more than half of the words changed; a fine correction otherwise. The Original chip 

shows the old wording on hover and opens a window to compare the two. After Verwerfen, status lehrbuch  

reports every block as before: the .fam  file was not changed, and prose is not an input of any block.

Chapter 10
10.1 choose-specialist  chose the route; the row answer-from-register  with its child 

correspondence-roster  shows it. afm-query-extract  took the most time, 2,370 ms. The stages that call 

a language model are the few that take long: afm-query-extract , normalize  and intent-gate .

10.2 The route is the letter list ( letter-list ): 200 letters with 70 correspondents, and the verdict abweichend 

against 75. refresh  runs this block alone because only its instruction changed and no other block reads it.

10.3 For example: Stage choose-specialist : for “How many correspondents did Pirckheimer have between 

1520 and 1530?” it took the letter list and counted the partners of the letters it found (200 letters, 70 persons). It 

should have taken correspondence-roster , which reads the register of letters and resolves the persons. Keep 

the note; the owner decides whether it goes into the learning loop.

Chapter 11
11.1 The first endpoint that answers within the probe’s time is chosen. A probe waits at most 1.5 seconds 

for an endpoint; a refused connection returns at once.
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11.2

SELECT TRY_CAST(left(date_when, 4) AS INTEGER) AS year, count(*) AS letters

FROM letters_resolved GROUP BY year ORDER BY year

with the attachment $PDAI_COLLECTIONS/pirckheimer/pirckheimer.duckdb  and peer: mac-studio . The 

peer refuses a second statement (nur eine Anweisung) and a COPY  (nur SELECT oder WITH, or nicht erlaubt: 

COPY inside a WITH ). A join with a table of another collection needs an attachment outside the collection 

(Pfad außerhalb der Sammlung) or a table function that reads another file, which the locked configuration 

refuses. The caller already refuses attachments in two collections (eine entfernte Lesung liest genau eine 

Sammlung).

11.3 In _famulus/store/zwei/count-there/v0001/report.json  on the calling machine. result.json  

names the origin in herkunft.peer : https://mac-studio.tail147011.ts.net/famulus-notebook . Run 

locally, the field peer  would be missing.

Chapter 12
12.1 Both builds name the same version folder of places : a forced run that produces the same table keeps 

the version. They differ only when the forced run produces a different result, which then gets a new version, 

and the second build names the new folder.

12.2

The register dates 354 letters between 1520 and 1530

(`fam:lehrbuch/ch07/span.span@v2`).

Leaving out @v2  makes the reference name the current version. A paper does not change after it is printed; 

its figure would then disagree with the result a reader finds as soon as the result changes.

Chapter 13
13.1 Between 1930 and 1940, with how many persons did Kármán exchange letters, counting as his correspondent 

the other party of every letter he wrote or received? The oracle n_correspondents: 490  states the count of 

that reading in the register. A floor of 200 is met by all three readings and so decides nothing; it is also the 

row limit of the pipeline, so a result capped at the limit passes it.

13.2 It would have to read lex-natura.kwic . That artefact is a text: a line per sentence with its volume and 

a shortened wording, without pidx  or sent_idx . The block cannot be written against it; the comparison 

needs a result that carries the coordinates, which the pipeline does not deliver for this question.

Chapter 14
14.1 status  reports the block as veraltet, because the file’s modification time changed. refresh  runs it; the 

result is the same, the version stays, and the blocks that read it do not run. The part concerned is inputs , 

which takes size and modification time of each file read. The notebook cannot change it; the block stays 

current only if the other program keeps the file’s time when the content is unchanged.

14.2 None. The chain stops after the harness step, which did not pass, and a block that does not pass writes 

no artefact. result.json  shows the verdict fail  and the harness step’s answer and figures.

Chapter 15
15.1 The block it reads must have no version of the artefact: it has never run, or all its runs failed. A fail  

writes no artefact, so a block that has only failed has none.

15.2 A local reading refuses none of them with these messages. An alias that is not a plain 

name fails locally as well, with bad attachment alias ‘a-b’, and a writing statement is refused 

by DuckDB, because the files are opened read-only. A second statement is not refused: the block 

SELECT 1 AS a; SELECT count(*) AS n FROM letters_resolved  passed, with the row of the last state
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ment (354). A path outside a collection, a table function reading another file, and a long reading are not 

refused either.
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