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ABSTRACT

A scholarly notebook holds a text, the computations it rests on, and objects drawn from formal
sources: an animated figure of an astronomical model, the checked steps of a geometrical
argument. A conversational agent can change such a notebook quickly, and that is the difficulty:
a change is useful only if it is checked before it is seen, attributed afterwards, and reversible to
the byte. This paper describes the Famulus Harness, a desktop application in which a Famulus
notebook stands beside a conversation, and the mechanism that makes changes safe: the instruc-
tion session. The author selects one or several segments of the notebook (a paragraph, a table, a
cell, a figure), says in words what is to change or chooses a preset, and the result is checked and
built into the text at once; the session goes on with the next instruction until the author accepts or
aborts, and aborting restores the state before. The engine is chosen from a catalogue by the kind
of segment. A notebook project declares what it imports: other notebooks, issues of a publication
series, and packages of formal texts such as the models of the language astra/1; it can extend an
imported package by texts of its own, including new models. We follow one notebook throughout,
a working copy of a paper on geometrical reasoning with the proof that the eccentric and the
epicyclic form of Ptolemy’s solar model are equivalent. On 11 November 2026 a figure of that proof
was given a line of sight and a narration in stages by one instruction (28 s), a new model with its
superposition, its values and its figure was written in one turn (65 s) after the missing witness had
been named, a cell was changed and computed again, and every aborted session left the 13 files of
the project identical by SHA-256. A selection can also be annotated, in a database of the notebook,
and explained: each kind of explanation is an editable score that names its context, and one kind
reconstructs the argument of the selection from the notebook before it and has it checked by the
prover the notebook already uses (12 November 2026). What is not built, and the defects found
during this validation, are listed as such.
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- geometrical reasoning

1 An instruction and what it takes to carry it out
The notebook this paper follows is a working copy of Geometrical Reasoning in the History of Astronomy
[1], the first issue of the series Famulus Expertise Astra. One of its sections treats what a figure supplies to
an argument without saying so. Its example is the proof that the two forms of Ptolemy’s solar model, the
eccentric and the epicyclic, place the sun at the same point when the epicycle has the eccentricity as its
radius and the deferent has the radius of the eccentric [2, 19]. The notebook shows the figure of that proof
in motion. The author, reading it, gave this instruction (in German; the notebook is in English):

Build in a red line of sight from the observer O to the sun S. The animation is to be commented as
a living annotation, in stages with a running text under the figure: first the one model shown and
described, then the second, then the superposition of both, then the line of sight, then the whole
animation through one revolution, to demonstrate the equivalence visually.

To carry this out, several things must hold at once. The figure is not a picture in the notebook. It is drawn
from a text in the language astra/1 [3], which belongs to a shared collection of models and must not be
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changed for one notebook. The change needs a text of the notebook’s own, written in a formal language with
its own rules, checked by that language’s checker, built, and shown in place of the old figure. The author
must be able to look at the result, say “also show the sun at the apogee”, look again, and at the end keep
everything or get back exactly what stood before. And afterwards the notebook must say who changed what,
by which instruction.

The Famulus Harness is the application in which this is done. It serves the third pillar of the lead thesis
of the Famulus papers [4], research in a group around shared and addressable notebooks, and it shows the
second pillar at work on the scholar’s own text: no change is built into a notebook unchecked, and every
change states its grounds. The notebook format, its cells and its publication are the subject of the Famulus
Notebook book [5]; this paper describes only what the harness adds: the notebook beside a conversation
(Section 2), the segment as the thing one works on (Section 3), the instruction session (Section 4), the versions
of all writers (Section 5), imported packages and a project’s own models (Section 6), cells that compute with
them (Section 7), addresses (Section 8), and the agent with its tools, commands and approvals (Section 9).
Everything described was run on the working notebook on 11 November 2026; the protocol of that validation
lies beside the notebook. Section 11 lists what is not built and what went wrong.

2 The harness and its parts
A harness is a program that runs a language model as an agent: it holds the conversation, offers the model
tools, asks the user before a tool changes something, and shows the result. The Famulus Harness is such a

program for one purpose, work on Famulus notebooks. It is assembled from parts that exist independently
(Table 1).

Table 1 The parts of the Famulus Harness as installed on 11 November 2026.

part

the application

the plugin, host
half

the plugin, page
half

the
service

notebook

famulus-astro-
nomica

the

service

reference

what it is

a macOS program, Famulus Harness, that
starts its own instance of DeepSeek Har-
ness (version 0.2.2-rc.1) with a state folder
of its own and shows its page in a web
view

@famulus/dsh-famulus-notebook 0.7.0,
loaded by the harness

components placed into the harness page

a local web service (port 5118) with the
notebook viewer

the language astra/1 with checker, ren-
derer and animation runtime (package
astra 0.3.0)

resolver of fr: addresses (famulus-ref/2,
vocabulary 2.6.0)

what it does here

conversation on the left, notebook on the
right; the desktop harness of the same
vendor and its sessions are not touched

38 tools for the agent (32 for notebooks, 6
for references), 10 commands for the user,
the gate that asks before a write, a section
of the system prompt, the events that tell
the page what to show

the notebook pane beside the conversa-
tion, the library as a main page, the
Famulus name and colours in two modes

reads, runs and writes notebooks; holds
the instruction sessions, the version jour-
nal, the imports

checks and builds every astra text a ses-
sion writes; answers the cells that ask it

resolves notebooks, cells and artefacts by
address

The division matters for what follows. The agent in the harness never writes a notebook file. Its tools ask the

notebook service, and the service is the only writer: it checks, writes, records. The same holds for the reader



FamuLus HARNESS 3

who works in the notebook pane without any conversation; the pane is the service’s own viewer in a frame.
An instruction session can therefore be opened from three places, the panel of a selection, a command typed
into the conversation, and a tool the agent chooses, and it is the same session with the same checks.

The agent of the conversation is DeepSeek V4.1 Flash, served by a local Ollama with its reasoning trace
switched off; this is the default of all text work on the platform [4]. The engines that carry out instructions
on segments are a separate matter (Section 4).

B Geometrical Reason m

Bibliothek | | £ e Anmerkungen | | Sachpriifung | [RAICENGHNE

@ Famulus Harness

® Neue Sitzung
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 Fme Geometrical Reasoning in the History of
B Notebooks Astronomy

® AviEmEiS AT Fundamentals: Models, Propositions, Steps, Rules, and What the
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85 Mehr
AFFILIATIONS
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Geometric Triangle Side Reas...
S
10 November 2026
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Astronomical texts from Ptolemy to Euler argue geometrica

+ O Voller Zugriff Y & g models: a figur W sentenc nd inferences marked by li
more than “therefore”. This pape: s what is needed to
reconstruct such arguments and to check them. It dist: ishes what
an argument is about (a model, as pure geometry; valu
parameters; a state) from what it says (propositions) and what it does
(operations: to suppose, to construct, to derive, to distinguish cases,
to compute, to conclude). It says what licenses a step: an instance of a

named proposition, an equality by a Common Notion, a fact read off
[vorgabe " SchlieRen

Eingebaut (Ab: eile 416-416, DeepSeek V4.1
Ich habe ,of the sun* wieder eingesetzt und ,but* njunktion beibehalten; die iibrigen Straffungen

logical_particles
bernehmen od
= Mehr

Figure 1 The Famulus Harness with the working notebook beside the conversation (dark mode of the
application). The card at the foot of the notebook pane is the answer to a command the user typed,

/vorgabe lektor:straffen "Degenerate states are where figures mislead" : built in, with the engine,
what was changed, and a note of the language check.

3 The segment as the thing one works on

A notebook is read as a paper is read: headings, paragraphs, citations, figures and tables with captions, cross-
references; between them cells with their results, and astra segments, which show an object of famulus-astro-
nomica through a line such as {{< famulus fr:astra/solar-equivalence-equal-radii argument >}}.
Each of these is a segment: a span of lines of the notebook’s source that the viewer shows as one unit.

Earlier versions of the viewer offered several entry points at a paragraph: a mark for an annotation, a
pencil for editing, a bar over a selection, and two buttons in the bar above the text, “Anmerkungen” and
“Sachpriifung”, that repeated what could be done at a paragraph. They were unclear about what they acted
on. Now there is one mechanism: every segment has one anchor at its margin, and a click on it selects the
segment. With the toggle “Mehrfach” on, further clicks add or remove segments, so that several segments
are worked on together. What is selected is tinted in the text, and a panel stands at the foot of the notebook
for as long as something is selected (Figure 2). The two buttons above the text are gone.

The panel says how many segments are selected and offers the operations on them as a row of tiles; one tile
at a time opens its work area. It does not name kinds of segments or lines and does not explain itself; what
a tile does stands in its title.
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« Uberarbeiten (rework): an instruction in words, carried out by Famulus (Section 4), or a preset, an
instruction that is already worded. Several segments of text form one session;

« Anmerken (annotate): a note on the selection, kept in a database of the notebook (Section 3.1);

« Erlautern (explain): an explanation of a chosen kind, each kind a Partitur that names its context
(Section 3.2);

« Priifen (examine): the Sachpriifung, which checks every sentence of the selection against the sources and
reports it as sachlich validiert or nicht validiert (“nicht validiert” says that the evidence does not carry the
sentence, not that it is false);

« Mehr (more): the source of one segment edited by hand,; its history (Section 5); the imports of the project
(Section 6); and, on a paragraph of a project that works with the package astra, an astra object beside it.

3 Blocke veraltet
10 Quantities
Some assertions of a text are not about the model but about a model with values.

[l To compute is to evaluate a quantity of the model under a parametrisation: the
largest equation of centre under Ptolemy’s values is 2;23°. The result is compared
with the number the text gives, at the precision in which that number is written.

B To determine is the inverse: parameters are found from observations through the
model. Ptolemy finds the eccentricity and the apogee of the sun from the lengths of
two seasons. The model is inverted numerically for the unknown parameters, and it
is reported whether the solution is the only one. This can separate what follows from
the data from what follows from the author’s rounding: Ptolemy’s two parameters

M 2 SEGMENTE I [l MEHRFACH x

BERARB ANMERKEN ERLAUTERN PRUFEN | MEHR

Anweisung an Famulus ...

VORGABE +

NOTEBOOK

Sprache (LWgrammar) Nur die Sprache neu fassen; Inhalt, Zahlen, Verweise bleiben
Kiirzen Kiirzer bei gleichem Gehalt

Prazisieren Vages durch Genaues ersetzen, nichts erfinden

Fiir Nicht-Fachleute Fachwérter bei erster Nennung erkléren

LEKTOR - REVISION

Straffen  Kiirzer bei gleichem Gehalt

Prazisieren Vages durch Genaues ersetzen

Figure 2 Two paragraphs selected with “Mehrfach” on, and the panel at the foot of the notebook: the count, the
toggle, the five operations, and under “Uberarbeiten” the field for an instruction with the presets opened (the
notebook’s own, then the Lektor’s by group).

A preset is an instruction that somebody has worded with care once: to shorten without losing a statement,
to make vague wording precise without inventing anything, to explain terms for readers outside the field,
to check terminology, citations, or the scope of a claim. There are 27 on the installation described here (read
from the service on 11 November 2026): 5 of the notebook and 22 of the Famulus Lektor in six groups, two
of them in a nested group that the earlier viewer never read. A preset says what kind of segment it is made
for; 26 apply to a paragraph, one to a cell’s question. Two of them only examine: they change nothing and
report a finding. The wording of a preset is taken from the service, never from the page, and what a preset
promises to keep (references, citations, numbers, formulas, the end of the sentence) becomes a check of the
turn that uses it.

The Sachpriifung was run on another paragraph of the working notebook, the one that introduces Kepler’s
argument against the equant (11 November 2026). It found seven sentences and reported all seven as nicht
validiert: they are the author’s framing sentences, and the holdings do not carry them.

3.1 Annotations
An annotation is a remark of a reader on one or several segments. It changes no text. The annotations of a
notebook lie in a database in the notebook’s own folder (anmerkungen/anmerkungen.duckdb ), so that they
travel with the project when it is copied or mirrored (Figure 3). An annotation holds on to its segments
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by their wording, not by line numbers. When lines move, it is found again where its text stands; when the
text was rewritten, at the block of the notebook most like it, and it then keeps that wording; when nothing
like it is left, it is listed “without anchor” and is not dropped. Nothing is deleted: an annotation is active,
revised (a later one names it) or revoked. The anchor of an annotated segment is drawn square; the list of all
annotations is reached from the menu of the notebook.

3 Blécke veraltet
10 Quantities
Some assertions of a text are not about the model but about a model with values.

[l To compute is to evaluate a quantity of the model under a parametrisation: the
largest equation of centre under Ptolemy’s values is 2;23°. The result is compared

with the number the text gives, at the precision in which that number is written.

To determine is the inverse: parameters are found from observations through the
model. Ptolemy finds the eccentricity and the apogee of the sun from the lengths of
two seasons. The model is inverted numerically for the unknown parameters, and it
is reported whether the solution is the only one. This can separate what follows from
the data from what follows from the author’s rounding: Ptolemy’s two parameters
follow from his rounded arcs of mean motion, not from the day counts with exact
arithmetic (GraRhoff 2026b).

11 Soundness: a vocabulary
The words matter, and they are used here as follows.

o True and false are said of propositions. A step is true when its proposition is.

B 1 SEGMENT [ MEHRFACH x

UBERARBEITEN anmerken [l ERLAUTERN PRUFEN | MEHR

Anmerkung zur Auswahl ...

Anmerkung - owner - 12. Nov., 09:12

Compare this value with the text of the source before the next issue.

Andern  Zuriickziehen

Figure 3 An annotation on one paragraph: the field, and below it the annotation with its author and date; it
can be reworded or withdrawn. The annotation of this screenshot was a probe and was removed again.

3.2 Explanations by Partitur

The earlier Erlduterung did one thing: it put the selected text as a question to the evidence space of
a holding. A notebook that names no holding with a prepared evidence space, such as the example on
triangles that the author opened first, received only a gap. An explanation is now of a kind, and each
kind is a Partitur: a YAML file that says from which context the explanation is given and what it is to do.
The built-in ones are Zusammenhang (what the selection says and how it follows from the text before),
Argument, Begriff (the concepts of the selection with their definitions in LWgrammar), Person, Fachlich
(the specialists of the notebook) and Beleg (the former Erlduterung). A project keeps its own in its folder,
partituren/erlaeuterung/<kind>.yaml : a file with the name of a built-in kind takes its place, any other
name is a new kind. The panel opens the Partitur of a kind for editing and creates new ones; only a Partitur
that can run is written. A Partitur names no model.

The stages of a Partitur name their sources: the selection; the text before it (a number of paragraphs, the
section, or the notebook up to the selection); the definitions in LWgrammar of the concepts and persons a first
stage finds in the selection; the Famulus Reference Register; the specialists; the texts of imported packages.
What “the text before” and “the specialists” mean for a notebook stands in its preamble, under context: . A
specialist is a package the project imports, or an expert of the platform’s register with its manifest.

The answer is checked against the context it was given. Every statement names the context items it rests on;
quotations are compared letter for letter and dropped when they differ; a statement that rests on nothing is
marked ungestiitzt. What a source could not give is a gap with its reason, shown beside the explanation, and
a statement about what is missing rests on that gap (Figure 4).
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3 Blocke veraltet
R L A

members. That two constructed points of different members coincide is a
proposition, and propositions are argued.

[ The figure superposes the eccentric form of Ptolemy’s solar model and its mean sun
M, which Swerdlow places from the earth O on the parallel to ES, in the direction of
the mean longitude; that M is drawn on a circle of radius R about O is a choice of this
presentation, not of the source.

M 1SEGMENT [0 MEHRFACH x

SemARRETEN I prmeRKEn prore | e
ZUSAMMENHANG ARGUMENT I BEGRIFF | PERSON FACHLICH

Die Auswahl aus dem Wissen der Spezialisten des Notebooks - aus: Auswahl, Text davor, Spezialisten, Importe, LWgrammar Partitur

Eigene Frage (optional) NEU ERLAUTERN

The selection is justified by the project's own superposition: the eccentric form of Ptolemy's solar model and its mean sun are placed in one plane only because they share one earth, one
apsidal direction, one year, one epoch and one mean anomaly. The superposition itself adds no geometry and asserts nothing across its members, so the coincidence of the constructed
points is a proposition to be argued, not a given. The mean sun's radius is not taken from the source: the source places the mean sun only by its direction from O, and drawing it on a circle of
radius R about O is a choice of this presentation. What the terms "eccentric form", "solar model", "mean sun" and "mean longitude" mean cannot be explained here, because the grammar
supplies no sense for them.

The eccentric form of Ptolemy's solar model and its mean sun are superposed because they are about the same earth, the same apsidal direction and the same mean motion.
BN stra: superposition solar-eccentric-mean-sun (eigener Text des Projekts, darauf gestiitzt) fr:astra/solar-eccentric-mean-sun

,The superposition says only that both are about the same earth, the same apsidal direction and the same mean # motion.

Text davor, Zeile 264-268

The superposition adds no geometry and asserts nothing across its members; that two constructed points of different members coincide is a proposition and must be argued.
Text davor, Zeile 264-268
A superposition adds no geometry and asserts nothing across its members. That two constructed points of different members coincide is a proposition, and propositions are argued.

Figure 4 An explanation of the kind Fachlich of the paragraph about the mean sun: the kinds as tiles, the
answer, and the context that was read — the selection, the section before it, three of the project’s own astra texts
and the manifest of the astronomy expert.

On 12 November 2026 every kind was run on the working notebook and on the example on triangles, each
on DeepSeek in 1 to 5 s (read from the service’s answers). Fachlich on the paragraph about the mean sun
read the figure shown after the paragraph, the superposition and the parametrisation it rests on, all three
texts of the project, and the manifest of the astronomy expert. Person on the same paragraph found Ptolemy
and Swerdlow; the reference register lists several persons under each name, and the explanation says that it
cannot tell which is meant. LWgrammar holds no sense for “mean sun”, “eccentric form” or “Kosinussatz”:
each is named as a gap. On the example on triangles, Beleg ends with the gap that no holding with an evidence
space is named (on the working notebook the same kind, asked of the holding kepler-prim on 11 November
2026, had answered with seven statements resting on eight grounds), and Fachlich with the gap that there is
no specialist for geometry.

3.3 The argument of a selection
The kind Argument reconstructs the argument that the selection makes, as it has developed in the notebook
up to it: the Partitur reads the whole notebook before the selection. The engine returns statements with a role
— premises, steps, one conclusion — and says for each step and for the conclusion from which statements
it follows. A premise the text states carries the place that states it and a verbatim quotation; a premise the
argument needs but the text does not state is marked as unstated.

No machinery for arguments was built for this. The reconstruction is handed to the prover that the
Sachpriifung and the justified answers of the notebook already use: every premise is a unit clause, every step
a rule instance, and the prover says whether the conclusion is reached from the premises through the steps
named; the proof is then reduced to the clauses that carry it, so that a premise that does no work is shown
as idle. The tree is drawn by the notebook’s view for proof structures (Figure 5). The check concerns the
structure of the reconstruction: that nothing is missing between premises and conclusion and that nothing
listed is idle. Whether a step is compelling in content, and whether a premise is true, the prover does not
judge; the panel says so.
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3 Blocke veraltet

B e e
and a state in which one fails is a degenerate state of the step: there the rule does not
apply.

[l Degenerate states are where figures mislead. The parallelogram OESC by which the
two forms of Ptolemy’s solar model are shown equivalent exists in every position of
the sun but two. At the apogee and at the perigee the four points lie on one line

(Figure 3). The conclusion is true there as well, and the argument does not reach it.

M 1SEGMENT [0 MEHRFACH x

OrERARBEITEN prmeRKEn prore | e

TERT IO Zee 757
I A geometrical argument is about the model, not about a configuration. This is why it has to be checked over the parameter space and the states®

A rule's configuration conditions are supplied silently by a figure for the position it shows, and an argument about a model needs them in every position; a state in which one fails is a
degenerate state of the step, where the rule does not apply.

Text davor, Zeile 414-416

LA figure supplies them silently, for the position it shows. An argument about a model needs them in every position. So they are evaluated in every sampled configuration, and a state in which one
fails is a **degenerate state** of the step: there the rule does ...

The parallelogram OESC, by which the two forms of Ptolemy's solar model are shown equivalent, exists in every position of the sun but two: at the apogee and at the perigee the four
points lie on one line.

Bl Auswahl, Zeile 418-421

,The parallelogram OESC by which the two forms of Ptolemy's solar model are shown equivalent exists in every position of the sun but two. At the apogee and at the perigee the four points lie on one
line®

El At the apogee and perigee the configuration condition the equivalence step needs, that the four points form a parallelogram and not one line, fails, so the step is degenerate there and
its rule does not apply. « P2,P3
Bl Auswahl, Zeile 418-421

III The equivalence conclusion is true at the apogee and perigee as well, but the argument does not reach it there. < p1,71
Bl Auswahl, Zeile 418-421

Partitur Argument 1.0.0 - deepseek-va.1-flash:cloud - 25 Kontext (54) ~Als Anmerkung ablegen

Figure 5 The argument of the paragraph on degenerate states, reconstructed on 12 November 2026: three
premises, two of them from earlier sections of the notebook (lines 252-253 and 414-416) with their wording, one
step, and the conclusion; the prover reports that the conclusion is reached through the steps named.

4 The instruction session

4.1 The loop

An instruction session is opened on one segment. The author gives an instruction; Famulus carries it out;
the result is checked and, if it passes, built into the notebook at once, where the author sees it in its place.
The session stays open for the next instruction. It ends in one of two ways: accept, and the state stays, with
the instructions named in the history; or abort, and the state before the session stands again, byte for byte,
including the removal of files the session created. The last built-in turn can be taken out again on its own.
There is one session per notebook at a time; its state is a file, so an open session is still there after the page
was reloaded or the service restarted.

A turn does not hand the engine a file to edit. The segment is turned into an operand: its units, the texts that
may be rewritten (the segment’s lines; for an astra segment also the project’s own astra texts it rests on),
its context, texts that may be read but not changed, and notes. The engine answers with the complete new
text of the units it changes and one or two sentences to the author. Three handlers build operands and check
proposals, one per kind of segment (Table 2).
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Table 2 The three handlers of an instruction session.

segments

checks before anything is built in

prose  paragraph, list, quo-
tation, heading, table,
figure or table with

caption

cell a cell with its pream-

ble and question

astra  a segment that shows
an astra object, or
a paragraph beside

which one is to arise

the segment

the cell

the segment and the
project’s own astra
texts; new texts may
be created

the notebook still parses; labels that cross-
references use are kept; the rules of usage of
LWgrammar; what a preset promises to keep

the fence and a valid preamble; the notebook
still parses; a note that the cell must be com-
puted again

every changed text, and every own text rest-
ing on one, passes famulus-astra check on
all levels of its kind; every object the segment

shows is built; own texts name only imported
or own texts

4.2 The engine comes from a catalogue
Which engine carries out an instruction is not fixed per feature. The service chooses it from a catalogue by
the kind of segment (Table 3). A long source moves the choice up one tier. The reason is plain: tightening a
paragraph is routine language work; rewriting a cell needs care with a small formal structure; writing a text
in astra/1 that passes six levels of checks is the hardest of the three.

Table 3 The engine catalogue of the instruction session ( standards/engines.yaml, 11 November 2026).

tier engine reached through starts for

1 DeepSeek V4.1 Flash  the local Ollama prose, floats

2 Claude Sonnet 5.5 the owner’s subscription seat  cells

3 Claude Opus 5.5 the owner’s subscription seat astra segments

A proposal that does not pass its checks is not shown. It goes back to the same engine once, with the wording
of the findings; if the mended proposal fails as well, the next stronger engine of the catalogue gets one
attempt. If that fails too, nothing is built in and the turn says why. An engine that lacks something the
instruction needs is told to change nothing and to say what is missing; two of the runs below show this.

4.3 The runs of 11 November 2026
Table 4 gathers the turns driven on the working notebook during the validation (each turn logged with
engine, attempts, time and outcome; the log lies beside the notebook).

Table 4 Turns of instruction sessions on the working notebook, 11 November 2026.

segment engine turns builtin time per turn
astra segment Claude Opus 5.5 8 6 10.6-64.6 s
cell Claude Sonnet 5.5 1 1 48s
paragraph, eight presets DeepSeek V4.1 Flash 8 1 0.6-7.1s

The figure. The instruction quoted in Section 1 was carried out in one attempt in 28.0 s. The engine wrote a
text of the project, solar-fig-equal-radii-steps-in-aequivalenz, that draws the same derivation with a
line of sight from O to S and five stages, and changed the segment to show it (Figure 6). A second instruction
added a stage at the apogee (24.9 s). A third, “let the revolution in the last stage run twice as fast”, changed
nothing: the engine answered that the figure states no duration, so that it could not halve one, and asked for
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the duration in seconds (10.6 s). Given “12 seconds”, it wrote speed 12 s (15.8 s). That turn was then taken
back, and the session accepted.

runs through a revolution, and the steps of the construction can be shown one after
the other.

dravin withe=16,r=16

The line of sight from the earth O to the sun: seen from O, both forms show the
sun in one direction, at its true longitude.

Figure 6 The figure of the equivalence proof after the session, at its fourth stage. The red line is the line of
sight from the earth O to the sun; the sentence under the figure belongs to the stage. The figure is drawn from a
text of the notebook’s project, not from the shared one.

The paragraph. Eight presets, at least one of every group, were applied to one paragraph in one session. One
was built in. In three, the first proposal was refused by the rules of usage (two conflicts with a rule, one
lost statement), and the mended proposal returned to the original wording. Four found nothing to change,
among them a preset that only examines. The session was then aborted.

Abort. After every aborted session the files of the project were compared with their state before it. In each
case all 13 files (the notebook, five astra texts, the project file, the lock, the bibliography, four figures) had
the same SHA-256 as before. This was checked for sessions opened by the driver script, through the panel
(Figure 7), by commands in the harness, and by the agent in a conversation. A session on several segments
writes the changed segments from the lowest upwards and moves every span to where it then stands; on 12
November 2026 a session on two paragraphs was aborted twice through the panel, and the same files had
the same SHA-256 again.
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3Blocke veraltet
10 Quantities
Some assertions of a text are not about the model but about a model with values.

[¢] What does it mean to compute? To compute is to evaluate a quantity of the model
under a parametrisation: the largest equation of centre under Ptolemy’s values is
2;23°. The result is compared with the number the text gives, at the precision in

which that number is written.

[¢] What does it mean to determine? To determine is the inverse: parameters are found
from observations through the model. Ptolemy finds the eccentricity and the apogee
of the sun from the lengths of two seasons. The model is inverted numerically for the
unknown parameters, and it is reported whether the solution is the only one. This
can separate what follows from the data from what follows from the author’s
rounding: Ptolemy’s two parameters follow from his rounded arcs of mean motion,
not from the day counts with exact arithmetic (Grahoff 2026b).

11 Soundness: a vocabulary

W 2 SEGMENTE HRFA

m ABBRECHEN 1eingebaut

Begin each of the two paragraphs with a short question that the paragraph answers; change nothing else.

I added a short opening question to each of the two paragraphs and left the rest of the wording untouched.
eingebaut - DeepSeek V4.1 Flash - 65 Zuriicknehmen

Niichste Anweisung ...

VORGABE v S ‘

Figure 7 An instruction session on two selected paragraphs (12 November 2026): one instruction, built into

both after 6 s, with what the engine said. “Ubernehmen” keeps the state, “Abbrechen” restores the state before
the session; this session was aborted after the screenshot.

5 Versions of all writers

A notebook has several writers: the reader who edits by hand, an agent’s tool, an instruction session, the
Lektor when a proposed wording is accepted, an editor outside the service. A change can be taken back only
if the state before it was kept. The service therefore keeps a journal of every state of a notebook file it gets
to see, stored once by content, with the origin of each state: by hand, by Famulus, in a session, a wording
accepted, taken back, written outside. A write through the service records the state before and after; reading
the history first records the state on disk, so a change made outside appears as such.

The history of one segment is read out of these whole-file states. The segment’s lines are followed back from
state to state through the alignment of the two texts, and every state in which the segment’s text differs
is a version of it (Figure 8). Restoring a version writes its text over the segment as a new state, so that a
restoration can itself be taken back. The journal lies outside the project folders, which are mirrored between
machines; it is the record of one machine.
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3 Blocke veraltet

runs through a revolution, and the steps of the construction can be shown one after
the other.

M 1SEGMENT [] MEHRFACH x

UBERARBEITEN I ANMERKEN ERLAUTERN PRUFEN

LETZTE ANDERUNG ZURUCKNEHMEN

Jetzt - in einer Sitzung mit Famulus geandert - 11. Nov., 21:08

Sitzung 2af49365ccef, Zug 1: Baue eine rote Sichtlinie vom Beobachter O zur Sonne S ein. Die Animation soll als lebende Annotation in Stufen mit einem fortlaufenden Text unter der Figur kom
{{< famulus fr:astra/solar-fig-equal-radii-steps-in-aequivalenz animation >}}

Stand 0 11. Nov., 21:06

{{< famulus fr:astra/solar-fig-equal-radii-steps animation >}}

Figure 8 The history of the animation segment under “Mehr”: the state now, written in a session and carrying
its instruction, and the ground state. Each earlier state can be restored.

6 Packages, imports, and a project’s own models

6.1 What a project declares
Until now a notebook showed an astra object by naming it, and the whole collection of astra texts was silently
available. That is convenient and wrong in the way global names are wrong: nothing says what a notebook
depends on, and nothing notices when what it depends on changes. A notebook project now declares what
it imports, in its project file:

imports:
kepler: fam:kepler-lex-naturae/lex-naturae # a notebook
solar: fr:astra/solar # a package, a group, or one text
heft: fr:expertise/astra/l # an issue of the series

The kind of an import follows from its address. A notebook import gives a short name for references to
that notebook’s cells and artefacts. An issue import does the same for an imported issue of the publication
series. A package import is new. A package is a collection of formal texts that a Famulus expert offers with
a manifest: for every text its kind, its group, the SHA-256 of its source, and the texts it names. The package
astra of famulus-astronomica lists 27 texts and one exposition in three groups (11 November 2026: 4 models,
4 parametrisations, 1 superposition, 11 figures, 7 derivations). A project imports the whole package, a group,
or one text, and a text always comes with the texts it rests on: importing a figure brings the derivation it
draws, the superposition that derivation works in, the models and their values.

Exactly the imported texts and the project’s own texts are available to the project. A segment that shows a
text outside the imports is an open reference that names the line which would import it. The project’s lock
records the hash of every package text in use; when a text of the package changes, the segments resting on
it are stale until the author has looked and locked again. Every gap has a name: an address that cannot be
imported, a package that is not installed, a group or text the package does not have, a pinned version that
is not the installed one, an issue that was not imported, a manifest older than its texts. A project that shows



FamuLus HARNESS 12

package texts without declaring the package still reads, because issues published before the declaration
existed must keep reading; it is told which line is missing.

The working notebook imports two groups (Figure 9). The package manifest, the declaration, its gaps and
the lock are covered by tests in both projects.

3 Blocke veraltet

runs through a revolution, and the steps of the construction can be shown one after
the other.

B 1SEGMENT [ MEHRFACH x

UBERARBEITEN | ANMERKEN ERLAUTERN PRUFEN

VON HAND VERLAUF IMPORTE _

solar friastra/solar- Paket- 18 Texte

kepler fr:astra/kepler - Paket:7 Texte

Paket astra 0.3.0 - astra/1 - 23 verfiigbar - 10 benutzt - 5 eigene

solar-eccentric-mean-sun superposition, eigener Text (as r-eccentric-mea

solar-eccentric-mean-sun. ptolemy parametrisation, eigener Text (ast

tric-mean-sun.ptolemy.astra)

solar-fig-equal-radii-steps-in-aequivalenz figure, eigener Text (astra/sol

ual-radii-ste tra)
solar-fig-mean-sun figure, eigener Text (astra/solar-fig-mean-sun.astra)
solar-nean-sun model, eigener Text (astra/solar-mean-sun.astra)
solar-eccentric model - solar - benutzt

solar-eccentric-epicyclic superposition - solar
solar-eccentric-epicyclic.equal-radii parametrisation - solar - benutzt
solar-eccentric-epicyclic.proportional parametrisation - solar
solar-eccentric.battani parametrisation - solar
solar-eccentric.ptolemy parametrisation - solar - benutzt
solar-epicyclic model - solar

solar-equation-of-centre derivation - solar

solar-equivalence-equal-radii derivation - solar - benutzt

solar-equivalence-proportional derivation - solar

Figure 9 The imports of the working notebook as the panel shows them: two declarations, the package with
the texts available, the texts in use and the project’s own.

6.2 A new model
A project keeps texts of its own in a folder beside its notebooks. They can be of every kind of the language,
and they name imported texts by their identifiers. The figure of Figure 6 is such a text. The harder case is a
new model. In astra/1 a model is pure geometry and holds no values; values are a parametrisation, each with
its source or a stated gap; two models are shown together in a superposition, which identifies their inputs
and asserts nothing across them; and a model must be documented: whose model it is, the passage whose
use of it is analysed (its witness), who wrote the description [3].

On a paragraph about superpositions, the session was opened for an astra object and given this instruction:
add a model of the mean sun, moving uniformly on a circle about the observer with the mean anomaly of
the eccentric model; superpose it with the eccentric model; show both in an animated figure with the lines
of sight to the sun and to the mean sun. The engine wrote nothing. It answered that none of the passages
cited by the texts in its context speaks of a mean sun, named the passages it had, and asked for the one that
carries the model (22.5 s). That is the intended behaviour: an engine does not compose a source.

The passage exists. Swerdlow writes that “the mean sun, lies on a line parallel to ES” in the direction of the
mean longitude from O [2, 22] (quotation checked against the transcription of scan page 52, paragraph 4, of
the edition’s copy). It was named in the next instruction, with the remark that the source gives the mean sun
only by its direction, so that a circle of radius R is a choice of the presentation. In one attempt (64.6 s) the
engine then wrote four texts: the model, with that choice stated in its description; the superposition with the
eccentric model, identifying earth, apsidal direction, year, epoch and mean anomaly; a parametrisation that
takes Ptolemy’s values over from the package and marks the radius of the mean sun’s circle as a gap, “the
source places the mean sun only by its direction”; and the figure. All four passed every level of their kind,
and the figure was built and shown under the paragraph (Figure 10). The engine added that it had not seen
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the wording of the passage named in the instruction. A following instruction turned the line to the mean
sun into a second line of sight (11.7 s).

plane, with their inputs identiied — one observer, one direction ot the apsidal line,
one mean motion. A superposition adds no geometry and asserts nothing across its
members. That two constructed points of different members coincide is a

proposition, and propositions are argued.

The figure superposes the eccentric form of Ptolemy’s solar model and its mean sun
M, which Swerdlow places from the earth O on the parallel to ES, in the direction of
the mean longitude; that M is drawn on a circle of radius R about O is a choice of this

presentation, not of the source.

Figure 10 The new model in the notebook: the eccentric form with the mean sun M, drawn from four texts of
the project that were written in one turn. The sentence above the figure was written with it and states the choice
of the presentation.

Whether the model is a good one is for the author to judge. The notebook says so itself: a section at its end
lists what was made in the harness during the validation and has not yet been read by the author.

7 Cells that compute with the package

A cell of a notebook asks a question in words and states in a preamble how it is answered; its result is kept
in versions with its artefacts [5]. The issue this notebook was copied from had no cell. Three kinds of step
now let a cell ask famulus-astronomica; none of them calls a language model:

« astra:derive returns the steps of a derivation as a table, each with its premises, its rule and its status;

« astra:check returns the level each of several texts reaches;

« astra:positions returns where named points stand at equally spaced states of one revolution, and for
two points their distance.

Each returns counted values that an oracle, the expectation a cell states about its own result, can be set
against. The working notebook has one cell of each kind (Figure 11). The first expects a complete derivation
with two givens and three cases; the second that all six texts the argument rests on reach every level of their
kind; the third that the sun of the eccentric form and the sun of the epicyclic form are at most 10~ apart over
a revolution with the radii of the hypothesis. All three were computed in the harness and passed (the largest
distance was 0.0). The table states what was computed with which values. That the two suns coincide for
every admissible value is what the derivation shows, not the table.

The third cell was then changed by an instruction, “compute with 36 instead of 24 states and adapt the oracle”
(4.8 s). The cell became stale; refreshing the project computed exactly this cell; its artefact got a second
version with 36 rows, and the first, with 24, is kept. The texts a step reads count among the inputs of its cell:
when one of them changes, the cell is stale.
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8.1 The equivalence, computed

Working copy. The three cells below ask the package astra about the texts this
notebook imports. No language model is called: the steps are checked and the
positions computed by famulus-astronomica, and each cell states the values its
oracle expects.

G

Which steps does the derivation of the equivalence take, by which rule is each

licensed, and is each justified?
> Partitur

solar-equivalence-equal-radii: conclusive — coincident(Ecc.S, Epi.S'): in every
state the two forms have the sun at one point

part  Name proposition from rule

given hl  equal(Epi.R, Ecc.R)

given h2 equal(Epi.r, Ecc.e)

step d3  equal(distance(Ecc.E, Ecc.S), defEcc.S construction
Ecc.R)

step dd4  equal(distance(O, Epi.C), EpiR)  defEpi.C construction

step d8 equal(distance(O, Ecc.E), Ecc.e) def Ecc.E construction

step d9  equal(distance(Epi.C, Epi.S), def Epi.S' construction
Epi.r)

step  dl  equal(angle(Ecc.A, Ecc.E, Ecc.S), def Ecc.A, def construction

Figure 11 The first of the three cells: the question, the verdict of its oracle, and the table of the derivation’s
steps with rule and status.

8 Addresses, issues, and an outlook

Every notebook, cell and artefact has an address in the notation famulus-ref/2:
fr:notebook/aequivalenz/geometrical-reasoning-fundamentals is the working notebook, and
./sun-distance/places the table of the third cell. On 11 November 2026 the reference service resolved
both, the notebook with its three cells as children. The namespace was entered into the signed register of
the node on the same day (snapshot 6, 35 claims, the check without findings).

A published issue of the series Famulus Expertise can be imported into the library as a notebook by its
address; the copy keeps the address, version and licence of the original. For this an issue must lay its source
open. The exporter of the series now writes, beside the source, the files it names (images, the bibliography,
the issue’s own astra texts) and a list of them with size and hash, and the import fetches exactly that list.
This is built and tested; no published issue has been rebuilt with it yet.

Outlook. A notebook that can be addressed, imported and built upon is a unit of a larger structure: notebooks
that cite each other’s results, import each other’s models, and state by their checks what they have justified.
The Famulus documentation calls the perspective of such a network WWK, world-wide knowledge. It is a
perspective. What exists is described in this paper: addresses that resolve on one node, imports between
projects on one machine, and issues that can be imported from one site.

9 The agent: tools, commands, approvals

9.1 Three ways into the same session
The panel of a selection is one way to give an instruction. In the harness there are two more.

A command is typed by the user into the conversation and carried out as typed: /anweisung with a place
and an instruction, /vorgabe to list the presets that apply or to apply one, /zurueck, /uebernehmen,
/abbrechen, /importe.No model stands between the user and the session, so nothing has to be approved.
The answer appears in the notebook pane (Figure 1).

A tool is chosen by the agent. famulus presets and famulus imports read; famulus instruct opens
or continues a session, with an instruction, a preset, or both, and can open a paragraph for an astra object;
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famulus_session accepts, aborts or takes back a turn. The tools that write ask the user first. The harness
shows a card that says in one sentence what will happen, and the user allows it once or refuses.

9.2 A conversation

The whole path was run on 11 November 2026 in a second instance of the harness with a state folder of its
own, on a throw-away copy of the working notebook. The task was given in words: apply the Lektor’s preset
“Straffen” to the paragraph that begins “Degenerate states are where figures mislead”, report what was built
in, and ask whether to accept or abort. The agent loaded its skill, read the notebook’s outline, found the
paragraph, asked for the presets that apply, and called famulus_instruct. The card read: Famulus carries
out, in this notebook, the preset lektor:straffen and builds the result in; a session; aborting restores the
state before. It was allowed once. The service built the preset in after 3.6 s. The agent reported three small
changes, what had been kept, and a note of the language check, and asked: accept or abort? The answer was
“Abbrechen.” The agent called famulus_session with abort ; the card said that the state before the session
would stand again (Figure 12); it was allowed once; the session was aborted, and the notebook file had the
hash it had before the conversation.

Absatz str... B geometrical-reasoning-fundament. B Geometrical Reason m & O

“GEanaert sina arel Kielnigkelten: ,every position of the sun but TWo'

@ Famulus Harness

@ Neue Sitzung
- ,every position but two"; ,The conclusion is true there as well,

% Plugins and .." > ,The conclusion holds there too, but ..; das dritte Zitat
der Erklarung (,where figures mislead”) wurde belassen. Erhalten

Notebooks bleiben alle vier Aussagen, der Querverweis @fig-cases und die Geometrlcal Reasonlng m the HlStOI'Y Of
Reihenfolge der Glieder. AStrOnOmy

@®© Automatisierungsaufgaben

s Provositions. Stens Rules 77 2
Zwei Anmerkungen: Der Gewinn ist gering — gestrichen ist nur eine lodels, Propositions, Steps, Rules, and What the

85 Mehr
Genitivangabe (,of the sun”), deren Bezug im Kontext klar bleibt;

inhaltlich wurde nichts zusammengezogen. Ferner meldet der - \

Humboldt-Uni itdt zu Berlin -

Philosophisches Institut
Hinweis, kein Problem, und die Anweisung ging vor. a

Server einen Hinweis aus der LWgrammar zur Klasse
B Standardarbeitsbereich logical_particles (betrifft das neu gesetzte ); er ist ein
® Absatz straffen im Not...

Deutsches Museum -
Die Sitzung ist offen ( session: open , ein Zug). Sollen sie den Forschungsinstitut
Zustand Ubernehmen ( famulus_session accept ) oder abbrechen rmar
( famulus_session abort — der Absatz stiinde dann byteweise wie oare
vorher)? Sagen Sie es mir, ich fiihre es aus. ¥ 2
CHEEEY ! aus 10 November 2026

crRAcT
Abbrechen. Astronomical texts from Ptolemy to Euler argue geometrically about
. This paper gathers what is needed to
famulu reconstruct uments and to check them. It
an argument is about (a model, as pure geometry; values for its
Griindliches Nachdenken se paramete: tate) from what it (propositic and what it does
(operations: to suppose, to con: t, to derive, to distinguish
g to compute, to conclude). It says what licenses a step: an instance of a
named proposition, an equality by a Common Notion, a fact read off
Famulus bricht die Sitzung in aequivalenz- a construction, a calculation, an expansion in a small It treats
probe/geometrical-reasoning-fundamentals ab: der what a figure supplies without saying so — that points are distinct, lie
Zustand vor der Sitzung steht wieder. on one side of a line, form a triangle — and what follows when the
figure degenerates: cases. It treats hypotheses, how to find out

Ablehnen Einmal zulassen whether an argument needs them, and how to detect one used

J tacitly; equivalence and identity of models; exact and approximate

Figure 12 The conversation in the second instance: the end of the agent’s report, the user’s answer, the tool
call, and the card that asks before the session is aborted. The notebook pane on the right shows the copy the
conversation worked on.

The approval is per call. That is deliberate: a card names one action on one notebook, and the user who
allows it knows what was allowed.

10 Two modes

The harness and the notebook share one palette in two modes: a light mode on a sand ground and a dark
mode on a slate blue, not black. Until this validation the astra objects were the exception: in the dark mode
they stayed light plates, because their stylesheets set a dark blue as the ground of a band, which the dark
mode turns into a text colour. They now take their colours from roles that have a value in each mode, and a
figure sits on the dark sheet with its lines, labels and its line of sight readable (Figure 13). In the light mode
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the objects are unchanged: screenshots of two arguments and one animation before and after were identical
pixel by pixel (11 November 2026). Published issues do not name a mode and stay light.

runs through a revolution, and the steps of the construction can be shown one after

the other.

arth un: seen from O, both forms show the

sun in one direction, at its true longitude.

Figure 13 The narrated figure of Figure 6 in the dark mode.

11 What is not built, and the defects we met

Only what is described above runs. The following is not built, or was found defective during the validation
of 11 November 2026.

Not built.

« Published issues. No published issue has been rebuilt with the list of its open files, and none carries a
narrated figure. Release and seal of an issue are steps of its author.

« One package. astra is the only importable package. Other Famulus experts offer services, not packages
of texts.

« Own astra texts at the reference service. The service resolves the texts of the package. A project’s own astra
text is decided by the notebook service; its address does not resolve elsewhere.

« Versions as addresses. The version journal is a record of one machine. Its states are not fr: versions and
are not shared between machines.

« A specialist for geometry. The notebook on triangles names one; none exists. Experts of the register give
their manifest (subject, grounds of their gates, what they do not cover); an explanation does not yet ask
an expert a question of its own.

« Definitions. LWgrammar holds few senses for the terms of the two notebooks; most lookups end as gaps.

« The content of a step. The prover checks the structure of a reconstructed argument, not whether a step is
compelling. The reconstruction itself is the engine’s reading and has not been compared with a reading by
the author.

« Several segments. A session on several segments takes text only; a cell or an astra segment is worked
on alone.

« One session, one author. A notebook has one open session; two authors cannot hold sessions on one
notebook.

« Presets for figures and cells. Of the 27 presets, 26 are made for prose. An astra segment is offered one, a
cell two.

« Escalation observed. In the runs of Table 4 a mended proposal always sufficed or returned to the original.
The step to the stronger engine is covered by a test and was not observed on the working notebook.
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« Editing by hand was not driven separately on the working notebook; the path is covered by tests.
« Approval for a whole session. Every writing call of the agent asks. A session of ten turns led by the agent
means ten cards.

Defects found during the validation.

1. A command’s answer was invisible. On the start screen of a new conversation the harness page showed
no answer to a command; the command ran, the list of presets it should have shown did not appear. The
answer is now sent to the notebook pane (Figure 1). Fixed.

2. A read asked for approval. Reading the status of a session went through the gate of the writing tool it
belongs to and produced a card. Only accept, abort and take-back ask now. Fixed.

3. Quiet buttons drawn as boxes. In the window of a segment the entries of the list and the links were drawn
with the border of ordinary buttons. Fixed.

4. The language of an answer. One answer to a German instruction came in English, the language of the
notebook. A line of the prompt now asks for the language of the instruction; this was not measured again.

5. A figure lags behind its turn. After a turn on an astra segment the window says “built in” a few seconds
before the rebuilt figure appears, with nothing to say that it is being rebuilt. Not fixed.

6. A broken build. While the dark mode was built, the viewer served for about five minutes a build in which
pages with a network artefact stayed empty. Fixed.

7. A stuck deployment. The publication of the astra documentation stayed in the state “building” at the
hosting service and had to be requested a second time.

8. A window that explained itself. As validated, the window of a segment opened with a paragraph of
instructions for use, a heading that named the kind of segment and its lines, and a list of operations with
a sentence each. The author, on first use, called it a novel. It was reduced to a field and a toolbar on the
same evening. Fixed.

9. The same thing in two places. The bar above the text still offered “Anmerkungen” and “Sachprifung”
beside the window of a segment, a plain annotation had no entry point at all, and an explanation knew
one kind and one source. On 12 November 2026 the buttons were removed and the window became the
panel of Figure 2. Fixed.

10. A theorem read as a person. Asked for the persons of a paragraph that names none, the engine once listed
“Kosinussatz”. The instruction of that stage now says what a person is, and a kind that is about persons
ends with a gap when the selection names none. Not measured again beyond the runs reported.

11. The text lags behind a turn. After a turn or an abort the page reads the notebook again in two to three
seconds and shows nothing meanwhile. Not fixed.

The changes made to the working notebook during the validation have not yet been read by its author. They
are listed in the notebook, each with the instruction that made it, and each can be taken back.

12 Contribution to the thesis

The lead thesis of the Famulus papers says that Famulus gives historical research a new quality through
documented evidence, a justification for every Aussage by the standards of its discipline, integration into a
research group, and learning that turns corrections into rules. The harness contributes to the third pillar: the
notebook becomes the object a group works on, with an address, declared imports, and a history that names
every writer. It shows the second pillar on the scholar’s own text. A change proposed by an engine is treated
as a claim to be checked, by the notebook’s grammar, by the rules of usage, by the checker of the formal
language it is written in, before anybody sees it; where the ground is missing, as with the witness of the new
model, the engine says what is missing and writes nothing. The harness does not decide whether the new
model is right, or whether the tightened paragraph is better. It makes sure that what the author judges has
passed its checks, says where it came from, and can be undone.
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