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Chapter 1 — The Other Ledger

Draft status: author draft; human verification pending. Every runnable listing
was executed by the author during writing in a scratch repository the listing
itself creates; printed outputs are real transcripts.

The ledger you already carry

The previous volume of this series closed on an operator that had learned to
remain: one estate file, verified, searchable, waiting for whoever wakes up
next. This volume begins with an admission that book's reader may have already
muttered: for one enormous class of operator work, such a ledger has existed
all along, installed on effectively every machine, holding history with
guarantees the estate had to build deliberately — append-only records,
tamper-evident identity, provenance on every entry, inheritance across
generations of workers who never meet. It is the version control system. A git
repository is an append-only, content-addressed, hash-chained
history store, and every operator that touches code — which is, increasingly,
every operator — already writes to one daily.

And writes to it badly, which is this book's reason to exist. The practicing
supervisor of agents knows the symptoms by heart: commits that bundle ten
unrelated truths into one unreviewable diff; messages that say "fix" or "update
files" and describe nothing; force-pushes that vaporize a colleague's evening;
merge conflicts "resolved" by keeping whichever side the operator was holding;
repositories treated as file dumps with a save button. None of this is
stupidity. It is the register mismatch this series has met twice before: git's
literature and culture assume an interactive human — staging hunks by
keystroke, resolving merges in a tool that paints three panes, rewriting
history in the editor that rebase -i throws open, developing taste through
years of fumbling at a prompt. The session-bound operator has none of that
available. It composes commands blind, one shot at a time, exactly as the first
volume taught — and nobody has written down what good git practice is in that
register. The interactive tradition's answer to every one of the symptoms above
is a habit this reader cannot form the interactive way. This book forms them
the other way: as composition-time discipline, demonstrated by listings that
run, in the register the reader actually inhabits.

The frame that organizes everything: the repository is a ledger the operator
shares with people. The estate of the previous volume was private
infrastructure — the operator's own tables, its own conventions, inherited by
its own lineage. The repository is the same kind of object — an append-only
record of deliberate changes, with provenance — but its readers include humans
with opinions, colleagues with in-flight work, reviewers whose trust the
operator's commits must earn. Every discipline in this book is one of the
estate's disciplines meeting that audience: the commit is a ledger entry others
must be able to review; history is evidence others must be able to trust;
concurrency is not two processes on one file but two minds on one project.
Volume one taught the operator to act well alone; volume two, to remember well
alone; this volume is where its work stops being alone.

The fork, one more time

Volume one opened on isatty — the system call at which every tool chooses
its human face or its machine face. Git is that fork's most complete citizen,
so complete that it donated the vocabulary this series has used for three
books: the project's own documentation divides its commands into porcelain
(the polished interface for humans) and plumbing (the pipes underneath,
built for programs), and its maintainers coined the terms. The operator's
first orientation is knowing which face it is talking to:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo x > tracked; git add -A; git commit -qm base
echo y >> tracked; echo z > untracked
git status --porcelain
echo "---human display for contrast:"
git -c color.status=false status | head -4


 M tracked
?? untracked
---human display for contrast:
On branch main
Changes not staged for commit:
  (use "git add <file>..." to update what will be committed)
  (use "git restore <file>..." to discard changes in working directory)


Two views of one working tree. The human display narrates — branch context,
hints about what to type next, prose an interactive learner needs. The
porcelain-format output (the flag name is a historical joke: a stable
machine format for scripts, named after the human layer) is two lines of
fixed-position code: M modified, ?? untracked, documented and promised
stable across versions — the exact contract volume one taught the reader to
demand before parsing anything. The operator's standing rules follow in one
breath. Parse only --porcelain formats (status, and its cousins across the
suite) or plumbing output (rev-parse, cat-file, ls-files), never the
human displays. Disarm the pager class of traps once per session —
GIT_PAGER=cat from volume one's environment preamble, --no-pager where
it matters — because log, diff, and show all page when they believe a
human is watching. And know that the editor traps (commit bare, rebase
-i, merge without -m on some paths) all have non-interactive doors,
which chapter 2 walks through deliberately. None of this is new discipline;
it is volume one's chapter 1, arriving at the tool where the stakes are
shared with other people.

Two parsing footnotes complete the orientation, both volume-one rules
arriving at git's door. Filenames are hostile input here as everywhere — a
path containing a newline shreds line-oriented parsing of any listing
output — and the machine formats all offer the cure the register expects:
a -z variant (status --porcelain -z, ls-files -z, diff --name-only
-z) that terminates records with NUL bytes no filename can contain;
operators that parse repository listings parse the -z forms, full stop.
And configuration is the open-ritual problem of volume two wearing git's
clothes: the sandbox listings above set user.email and user.name
per-repository because an operator's identity is not ambient — a
session-bound worker must never depend on whatever global config the
machine happens to carry, and a repository it initializes gets its
identity, its default branch, and any policy switches set explicitly, in
the same breath, by its own ritual. One function opens the estate; one
function initializes the repo; drift dies in both places the same way. And
because later chapters will lean on "the open ritual" repeatedly, here is the
whole of it, canonical — every line explained by the chapter noted beside it:

```bash fragment

The seat's open ritual — run once per repository claim, by every seat.

git config user.name  "session-95 (lineage-x)"    # identity declared, never ambient
git config user.email "ops@fleet.example"
git config core.hooksPath hooks                    # arm the traveling policy   (ch. 7)
git config commit.template .gitmessage             # the message scaffold       (ch. 8)
git config rerere.enabled true                     # conflict judgments reused  (ch. 5)
git config blame.ignoreRevsFile .git-blame-ignore-revs   # attribution sans noise (ch. 3)

per session, before work: GIT_PAGER=cat exported; fetch; read the drift counts (ch. 5)


The forward references are deliberate — the ritual is complete here so no
seat assembles it piecemeal from later chapters, and each line's *why*
arrives where its subject is taught. Chapter 7's seat audit will
compare each seat's live configuration against exactly this list, kept in
the repository as the fleet's manifest.

## The repository you inherit

The operator's usual first contact is not `init` but `clone`, and the
clone deserves a paragraph of appreciation in this book's terms, because
it is the estate-inheritance ceremony of volume two performed wholesale.
A clone is not a checkout of the latest files; it is the *entire ledger* —
every commit, every tree, every blob, the full chain back to the root —
transferred into a store the operator now holds locally. Every question
this book teaches — history queries, blame, bisection, diff against any
ancestor — runs against local disk at local speeds, no network, no
server's permission, no rate limit: the register's economics of cheap
reads, delivered by architecture. (The distributed-by-default design also
means every colleague's clone is a full replica — the ledger's backup
story is its adoption story, though chapter 6 will insist that replicas
protect against loss, not against confusion.) The inheritance reflex
transfers from volume two intact: a fresh clone gets a briefing before it
gets work — where is HEAD, what branches exist, how far does history go,
what do the last twenty subjects say about how this project writes its
ledger — and chapter 3 turns that briefing into queries. What a clone does
*not* carry is the other repository's configuration, hooks, or identity:
those are per-copy, which is exactly right (policy is the inheritor's
responsibility, not an infection), and exactly why the open ritual above
exists.

## Two ledgers, one operator

The reader arriving from volume two owns an estate; this volume hands them
a repository; the boundary between the two is worth drawing before habits
form, because each is ruinous in the other's role. The repository holds
what is *shared and versioned*: the code, the configuration-as-code, the
documentation — artifacts whose history is meaningful to other people and
whose every change deserves review-shaped scrutiny. The estate holds what
is *operational and lineage-private*: run registries, cursors, probe
outcomes, the working memory of sessions — records other people never
review line-by-line and whose write rate would make repository history
unreadable. The classic cross-contaminations follow from the definitions.
An estate database committed to a shared repository ships a binary blob
that diffs as noise, bloats every clone, and — the graver half — publishes
an operational record full of paths, hostnames, and (if chapter 4 of
volume two was ignored) worse; estates stay out of shared repos as firmly
as secrets do, and for overlapping reasons. Conversely, a repository used
as an estate — sessions committing scratch state, logs, and downloaded
artifacts because commit is the only save verb the operator knows —
converts the shared ledger into a midden with hashes. The overlap zone is
narrow and principled: *decisions* about the shared work (an ADR, a design
note) are repository material because colleagues must find them beside the
code; the *operational trace* of implementing them (which sessions, what
probes, what failed en route) is estate material, with the commit hash as
the foreign key binding the two — one identity, kept once, pointing both
ways.

## Content is identity

What makes the repository a *ledger* rather than a backup folder begins with
one design decision, demonstrable in four commands: every object in git is
named by the hash of its content.

```bash
mkdir work && cd work
printf "retries = 5\n" > service.conf
git init -q -b main
h1=$(git hash-object service.conf)
printf "retries = 5\n" > copy.conf
h2=$(git hash-object copy.conf)
printf "retries = 6\n" > service.conf
h3=$(git hash-object service.conf)
echo "original:        $h1"
echo "identical copy:  $h2"
echo "one byte moved:  $h3"


original:        53d37c741becf6b5212e1c56ea94b5a38d1145fe
identical copy:  53d37c741becf6b5212e1c56ea94b5a38d1145fe
one byte moved:  2f8674c39111a6ad74a71adccc38829139d444ba


Identical content, identical name — a different file, a different directory, a
different machine, a different decade, and retries = 5 under a trailing
newline is 53d37c74… in every SHA-1 repository on earth (still the default
object format; repositories born under the newer SHA-256 format digest the
same universality with longer names), because the name is the content,
digested. One byte moved, and the name is unrecognizable. One honesty the word
cryptographically would owe here, and the reason this book does not spend it
lightly: SHA-1 is no longer collision-resistant — the 2017 SHAttered result
constructed two distinct inputs sharing a single SHA-1 — so the store's
integrity is operational, not a cryptographic proof against a resourceful
forger. Git narrows that gap deliberately: it runs collision detection that
rejects the known attack class on every object it hashes, and it defines the
SHA-256 object format as the migration path for environments that need a true
cryptographic guarantee. What the content-addressed chain buys this book's
operator is tamper-evidence — no accidental or casual alteration of history
passes unnoticed — which is the property every discipline here rests on, and the
claim worth making precisely because it is the honest one. The reader who
worked through the previous volume has seen this instrument before: it is the
artifact index's content hash, promoted from a column the operator maintains
to the addressing scheme of the entire store. Two consequences matter
immediately. Storage deduplicates itself — a thousand commits containing the
same unchanged file all point at one blob, which is why chapter 5's worktrees
and branches cost nearly nothing. And identity becomes portable evidence: a
hash in a handoff message, a ledger row, or a review comment names exactly
one possible content, with no room for "which version did you mean?" — the
question that consumes the first ten minutes of every incident call conducted
without one.

The chain

Objects compose upward, and the composition is the ledger's structure. A
commit is itself an object — hashed like any other — whose content names a
tree (the complete snapshot of the project, itself naming blobs), an author,
a committer, a message, and its parent commit's hash:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
printf "retries = 5\n" > service.conf
git add service.conf && git commit -qm "raise retries to 5"
c=$(git rev-parse HEAD)
echo "commit  $c"
git cat-file -p "$c" | head -3
t=$(git cat-file -p "$c" | awk "/^tree/ {print \$2}")
echo "--- tree $t"
git cat-file -p "$t"


commit  d1691cd18fca26515f46f9c04aedd659d3f23631
tree 33ae5052e89a4da3e80758f7b755b7b6c3004566
author operator <op@example.invalid> 1787950654 -0700
committer operator <op@example.invalid> 1787950654 -0700
--- tree 33ae5052e89a4da3e80758f7b755b7b6c3004566
100644 blob 53d37c741becf6b5212e1c56ea94b5a38d1145fe    service.conf


Read the walk bottom-up and notice the returning guest: the tree's blob is 53d37c74… — the same hash the
previous listing computed in a different repository, because content is
identity and this repository also holds retries = 5. Now read it top-down,
because the top-down reading is the ledger property. The commit's hash
digests its content; its content includes the tree's hash, which digests the
entire snapshot; and it includes the parent's hash, which digests that
commit's content, which includes its parent's hash — all the way to the
root. History is a hash chain: no commit can be altered, no file in any
historical snapshot touched, no message reworded, without changing every
descendant hash in the repository. The demonstration costs one amend:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo one > f; git add -A; git commit -qm "first"
echo two >> f; git add -A; git commit -qm "second"
before=$(git rev-parse HEAD)
git commit -q --amend -m "second, reworded"
after=$(git rev-parse HEAD)
echo "before amend: $before"
echo "after amend:  $after"
git cat-file -p HEAD | grep ^parent


before amend: 34e181db1388dad700e6c1d4f7162a1024fb3e2c
after amend:  7ac79c6ff0881516e468ca4842df6b903e400ee8
parent 22031ae65102ea3925f3d1bfbc5452c79dcb80f0


The "same" commit, message adjusted, is a different commit — a new hash, a
new object, the old one not modified but abandoned (still in the store;
chapter 6 recovers such orphans with the reflog). Nothing was edited in
place, because nothing in this store can be edited in place; there is only
writing new history and moving names to point at it. The previous volume
built tamper-evidence as an optional far rung of its trust ladder — hash
chains for estates with adversaries. Git is that far rung as the default
substrate: the repository the operator was going to use anyway is already
append-only, already chained, already carrying provenance (author,
committer, timestamps — the estate's provenance block, natively) on every
entry. What remains is to write entries worthy of the ledger they land in,
which is chapter 2's whole subject — and to respect the one soft spot the
amend just demonstrated: the store cannot be silently rewritten, but the
names pointing into it can be moved, and moving them on shared history is
the sin chapter 6 exists to prevent.

Names, and the state of having none

The chain's objects are immutable; everything mutable in a repository is
a name — a ref, a file containing a hash — and the operator's mental
model of the name layer prevents a famous class of confusion. Branches
are refs that move as you commit; tags are refs that should not move;
HEAD is the name of where you stand — usually an indirection ("HEAD is
main", so commits move main), but sometimes a direct hash, the state
called detached HEAD, whose scary reputation is pure interactive-era
folklore. Detachment means only "standing on a commit without a branch
underneath"; reads are perfectly ordinary there, and this book's own
instruments produce the state routinely — a bisection probe stands
detached at every midpoint, an archaeology session checks out a
historical hash to run something, a worktree opens at a tag. The single
real hazard is committing while detached: the new entries hang from no
name, becoming chapter 6's reflog-recoverable orphans the moment you
move away. The register's protocol is accordingly two lines: detached
reads need nothing; detached work gets a name first (switch -c
rescue/whatever — cheap, per chapter 5) or is deliberately disposable
and known so. The deeper habit the ref model installs is reading
status's first line as load-bearing — attached and where, or detached
and why — because every subsequent judgment about what a commit will do
depends on which name, if any, is listening.

Who wrote this: the identity fields

The commit object the walk exposed carried two name lines, and the
distinction between them is provenance machinery this book's reader is
unusually positioned to need. The author is who created the change; the
committer is who entered it into this ledger — distinct roles that
coincide in solo work and separate the moment work is relayed: a patch
written by one party and applied by another, a commit cherry-picked across
branches, a rebase (the committer updates; the author survives). For
machine operators the fields are the byline discipline this press itself
runs on, scaled down to a commit. The convention that has emerged for
agent work — and that this book's own production history uses — is
layered attribution: the commit's identity names the accountable lineage
(the operator identity the open ritual set), and Co-Authored-By:
trailers in the message body name the contributing minds, human and
machine, in a machine-parseable form the forges already aggregate.
Trailers generally — Co-Authored-By:, and any Key: value pair an
organization standardizes — are the commit's provenance block in volume
two's sense: structured metadata riding in the message, extractable by
git interpret-trailers and the log's trailer formats, no schema
migration required. The rule the register adds to the convention:
identity is declared, not defaulted — an operator that commits under
whatever user.email the machine had lying around has signed someone
else's name to its ledger entry, which is precisely the kind of accident
the open ritual exists to make impossible.

Identity, cryptographically

The identity fields above are declarations, and chapter 3 will note what
declarations are worth: whatever the declarer's honesty backs. Where a
fleet needs identity proven — commits from outside contributors,
release tags consumed by strangers, regulatory environments — git layers
signatures over the chain: a commit or tag signed with a key (GPG
historically; SSH keys since git 2.34, which for operator fleets is the
practical arrival, since every seat already holds SSH identity for the
remote) carries a verifiable assertion that the keyholder made this
object, checked by verify-commit/verify-tag or log
--show-signature against the fleet's allowed-signers file. The
register's counsel is layered adoption matched to actual threat. The
chain itself (chapter 1's hashes) already provides integrity in the
operational sense the content-addressing section drew — no accidental or
casual alteration passes unnoticed, with SHA-1's collision caveat and the
SHA-256 migration noted there; signatures add attribution — this
exact lineage vouched for this exact object; and most fleets need
attribution enforced at exactly two places: annotated release tags
(the objects strangers consume) and the merge commits of protected
branches (the moments of publication — many forges sign these
server-side as a platform guarantee). Signing every workaday commit
from every agent seat adds key-management surface faster than it adds
trust, and the register prefers the honest middle: declared identity
plus trailers for the daily ledger, cryptographic attestation at the
boundaries where the audience stops being the fleet. What the operator
never does is confuse the layers — a green "verified" badge proves the
key signed it, the key's custody is volume-one key hygiene, and a
fleet that cannot say who holds a key has signatures without
attribution, ceremony without the property it was bought for.

What this buys the operator

Assembled, the model pays out in the currencies this series prices. Identity
for evidence: volume two's ledger rows and volume one's handoff messages
gain a universal foreign key — the commit hash — that binds "what I did" to
an exact, verifiable, shared state of the world; the phrase as of
b0ec917 is a complete provenance statement, resolvable by anyone holding
the repository. Time travel for diagnosis: every historical snapshot is
addressable and checkout-able, which chapter 4 weaponizes into automated
bisection. Cheap parallelism: branches and worktrees are pointers into the
shared store, so concurrent operators cost pointers, not copies (chapter 5).
And an audit surface the supervisor can trust structurally: the reviewer of
chapter 8 does not have to believe the operator's account of its changes,
because the diff is the change and the chain proves nobody retouched it.
The estate taught the operator that records with guarantees beat records
with hopes. The repository is where those guarantees come pre-installed —
and where the records are read by people whose trust is the operator's to
earn or squander.

What this book claims, and what it refuses to claim

House rules, plain text, early. This book claims that non-interactive git
practice is a learnable craft with specific techniques — commit shaping,
history reading, automated bisection, worktree concurrency, hook gating,
PR-shaped handoff — and it demonstrates each with listings that run in
scratch repositories under the publisher's gate, on git and the standard
shell alone. It claims the interactive tradition's habits fail predictably
in this register, and shows the failures rather than asserting them. It
grounds engine claims in git's own documentation, cited in the back matter.

It refuses the adjacent territory. It does not cover forge platforms' APIs —
pull-request protocol is taught as craft; the platform-specific commands
appear only as labeled fragments. It does not teach git from zero; the
reader can clone, commit, branch, and merge, or should meet those verbs
elsewhere first. It does not adjudicate workflow religions (rebase versus
merge, trunk versus flow) beyond what the register's constraints actually
decide, and it says explicitly when a choice is taste. It does not cover
repository-scaling machinery — partial clone, submodule strategy, monorepo
tooling — beyond honest pointers. And it makes no claim that good commits
make good code: the ledger records the work; the work must still deserve
recording, which no version control system has ever supplied. What the
system supplies — a shared, chained, queryable memory of everything the
operator does among people — is exactly enough to be worth a book to an
operator that has one shot per command and colleagues on the other side of
the merge.
Chapter 2 — The Commit as a Unit of Meaning

Draft status: author draft; human verification pending. Outputs are real
transcripts from scratch repositories the listings build.

The entry, not the save

Every discipline in this chapter descends from one reframing: a commit is not
a save; it is a ledger entry. The save mentality — accumulated changes
flushed to safety whenever anxiety or a session boundary strikes — produces
exactly the commits that make supervisors distrust machine operators: forty
files, six unrelated intentions, a message that says "updates". The ledger
mentality asks of every commit the question volume two asked of every
transaction: what single truth does this entry record? — and the costs of
ignoring the question are concrete enough to enumerate, because each lands on
a different chapter of this book. A monolithic commit cannot be reviewed
well: the reviewer of chapter 8 must untangle which hunks serve which
intention, and review quality degrades toward skimming — the operator's
trust-earning surface, squandered. It cannot be reverted alone: chapter 6's
public undo works commit-wise, so the emergency rollback of the bad half drags
the good half with it. And it cannot be blamed precisely: chapter 4's
bisection identifies guilty commits, and a bisection that lands on a
six-intention monolith has answered "which commit?" while leaving "which
change?" — the question that actually matters — as manual archaeology. Review,
revert, bisect: three machines that consume commits, all of which run better
on small, single-truth entries. The operator does not shape commits to be
tidy. It shapes them because everything downstream eats what it commits.

The register makes the discipline easier than it is for humans, which is
worth saying plainly as encouragement. An interactive developer's working
tree accretes changes organically — exploration, side-fixes, drive-by
cleanups — and untangling them at commit time requires the hunk-level
staging this reader cannot use. A session-bound operator's changes are
already the output of deliberate, enumerated actions: volume one's
operators compose edits one intention at a time and verify each before the
next; volume two's ledger discipline records each world-action singly. The
commits this chapter wants are those same units, carried one step further
into the shared ledger. An operator that works in single truths and commits
in monoliths is throwing away structure it already had.

The staging area is your transaction

Git's staging area — the index — bewilders newcomers as pure ceremony:
why not commit the working tree directly? For this book's reader the answer
is immediate, because volume two built the same machinery under a different
name: the index is the staged copy in the atomic-swap pattern — the place
where the next entry is assembled, inspected, and made exactly right while
the working tree (the operator's live workspace) churns on undisturbed. The
semantics have one sharp edge that one-shot operators must know cold,
because it bites precisely when a session edits, stages, and edits again:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo v1 > f && git add -A && git commit -qm base
echo v2 > f
git add f
echo v3 > f
git status --porcelain
git commit -qm "advance to v2"
echo "committed content: $(git show HEAD:f)"
echo "working tree:      $(cat f)"


MM f
committed content: v2
working tree:      v3


git add does not mark a file for committing; it snapshots the file's
content at that moment into the index. The later edit (v3) exists only in
the working tree; the commit faithfully recorded the staged v2; and the
porcelain status told the whole story in two characters — MM, staged
modification and unstaged modification, the two-column code whose first
column describes index-vs-HEAD and second column working-tree-vs-index. An
operator that reads MM and commits anyway is choosing to publish v2 while
holding v3, which is occasionally exactly right (the staged version was the
reviewed one) and more often a session about to be confused by its own
ledger. The composition rule that prevents the accident is the same
edit-then-verify rhythm as ever: stage, then read status porcelain, then
commit — never add in one breath and commit in a distant later one with
edits between.

The index also answers the operator's scoping instrument. git add -A is
the monolith machine: everything changed, everything staged, strays
included — the rm $f of this domain, correct only when "everything" is
genuinely one truth. The precise tool is the pathspec — staging by explicit
path or disciplined pattern — and with it, a working tree holding two
truths becomes two clean entries:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
printf "retries = 5\n" > service.conf
echo "notes on the outage" > incident.md
git add -A && git commit -qm "initial state"
sed -i "s/5/8/" service.conf
echo "root cause: dns" >> incident.md
git add service.conf
git commit -qm "raise retries to 8 for flaky upstream"
git add incident.md
git commit -qm "record outage root cause"
git log --oneline --stat | head -8


9a47ba2 record outage root cause
 incident.md | 1 +
 1 file changed, 1 insertion(+)
322bbcb raise retries to 8 for flaky upstream
 service.conf | 2 +-
 1 file changed, 1 insertion(+), 1 deletion(-)
fd86b0f initial state
 incident.md  | 1 +


One session, two intentions, two entries — each with a one-file stat a
reviewer absorbs at a glance, each revertable alone, each carrying its own
why. The log's --stat rendering is the payoff made visible: history
that reads as a ledger. The boundary test, adapted from volume two's
transaction rule: stage together exactly what a successor must never
half-see — the rename and every reference to the renamed thing, the
schema change and its migration entry, the fix and its test. And the
converse: changes that merely happened in the same session share no claim
on the same commit, however convenient -A makes their bundling.

Splitting below the file: the index takes patches

One staging problem seems to demand the interactive tool this reader
cannot use: two truths tangled inside one file — the bug fix and the
drive-by rename sharing a function, where add -p's keystroke-driven
hunk picking is the human answer. The register's answer is that the
index accepts patches, not just files, and patches are text an
operator can compose: git diff emits the file's full change; the
operator splits that diff — keeping the fix's hunks, dropping the
rename's — and git apply --cached stages exactly the edited patch,
leaving the working tree untouched and the remainder for the second
commit. The craft caveats: hunk headers carry line offsets, so the
operator splits at hunk boundaries (whole hunks kept or dropped — the
common case, since distinct truths rarely share a hunk) rather than
editing hunk interiors, and verifies the split with the chapter's
standing pair — diff --staged shows truth one, diff shows truth
two, both read before either commits. When the truths do share a
hunk, the honest fallback is simpler than patch surgery: edit the file
to contain only truth one (volume one's file disciplines), commit,
restore truth two, commit — the working tree as staging area, two
clean entries, no tool heroics. Both routes close the last gap between
this chapter's ideal and practice: there is no mixture the register
cannot separate into single truths; there are only mixtures whose
separation costs more than not creating them, which is what the
cadence section's advice was quietly pricing all along.

What never enters the ledger

Staging discipline has a structural ally that decides most cases before any
session weighs them: the ignore policy. Chapter 1 drew the estate/repository
boundary in principle; .gitignore is where the boundary is enforced, and
the register treats it as policy code — versioned, reviewed, committed
first:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
printf "*.tmp\nestate.db*\n/artifacts/\n" > .gitignore
git add .gitignore && git commit -qm "ignore policy: scratch, estates, artifacts"
echo x > work.tmp; mkdir artifacts; echo y > artifacts/build.bin; echo z > estate.db
git status --porcelain
echo "--- why is estate.db invisible?"
git check-ignore -v estate.db work.tmp


--- why is estate.db invisible?
.gitignore:2:estate.db* estate.db
.gitignore:1:*.tmp  work.tmp


The porcelain status printed nothing — three fresh files, all invisible,
because the committed policy already classifies them: scratch stays
scratch, estates stay private, artifacts stay in the artifact store. That
silence is the demonstration: an operator whose ignore policy is right
commits with -A far more safely, because the sweep can only gather what
policy admits. And check-ignore -v is the accountability query — which
rule, which line, decided this file's fate — the first diagnostic when a
file refuses to stage or a stray appears where policy should have caught
it. Three composition rules complete the practice. The policy is written
for the categories this series already defined (scratch patterns, estate
files, build outputs, credentials), not accreted one annoyed filename at a
time. It ships in the repository's first commits, because a policy that
arrives after the strays is archaeology. And it is not a security control:
ignore prevents accidental staging only — a secret that does get
committed is published history, and the recovery is chapter 6's grim
exception (history rewriting coordinated with every holder, plus rotation
of the secret itself, because the chain remembers what the rewrite
removes from view). Cheap policy up front; no good options after.

The mirrored question — what does belong despite instinct — has a
register answer too. Generated files earn a commit exactly when colleagues
must review them or reproducibility requires them pinned: lockfiles yes
(they are the build's truth, and their diffs are review material);
compiled outputs and rendered artifacts no (they are derivable, they bloat
every clone, and their diffs are noise — volume two's artifact index is
their home). Empty commits — entries with a message and no diff — are
legitimate exactly where a ledger needs a marker whose evidence lives
elsewhere: a release point, a recorded decision; --allow-empty exists
because sometimes the claim is the content. Both rules are one principle
seen twice: the ledger records what its readers must weigh, and nothing
else.

Renames are inferred, not recorded

One storage fact shapes commit composition enough to earn its place
here: git does not record renames. The ledger stores snapshots (chapter
1's trees); "renamed" is a conclusion tools draw at read time by
noticing a vanished path and an appeared path with sufficiently similar
content — which is why log --follow and blame -C exist as options
rather than defaults, and why their inference has a breaking point. A
rename combined with heavy edits in the same commit can drop below the
similarity threshold, at which point every reading tool sees an
unrelated deletion and creation: the file's history amputates (chapter
3's trap, now with its mechanism), blame restarts at zero, and review
displays a full-file replacement where a reviewer needed a diff. The
composition rule follows with unusual crispness: rename in one
commit, edit in the next — the move at near-100% similarity, trivially
inferred forever after, and the edit reviewed as the modest diff it is.
The same logic generalizes to every mechanical/semantic mixture (the
reformat-plus-fix, the move-plus-refactor): inference-dependent
readers, human and machine, survive the mechanical layer only when it
arrives pure. It is chapter 2's one-truth rule again, but with teeth
the style argument lacked — mix the truths here and the tooling itself
starts telling worse stories about your history, to everyone, for the
file's whole remaining life.

Commit cadence: entries at observable stages

One question remains before message craft: when, during a long
autonomous session, should entries land? Volume one answered for
operations (make each stage's completion observable); the ledger version
is: commit at every observable stage — after each verified unit, not
at the session's end in one heap, not at anxiety intervals mid-thought.
The payoffs compound across this series' concerns. A session that dies
mid-task leaves a clean committed prefix plus a working tree holding
exactly the interrupted stage — volume one's retry doctrine (read the
evidence, resume at the proven point) gets its evidence from status and
log instead of forensics. Review inherits stages instead of heaps.
Bisection inherits fine-grained history. And the estate's run registry
gains its natural join: a session's registry row, its ledger operations,
and its commit range tell one story in three registers. The cadence has a
floor as well as a ceiling — commits smaller than an observable stage
(one per file touched, one per command run) shred meaning as surely as
monoliths bury it; the unit is the verified stage: the test now passing,
the config now valid, the subsystem now migrated. Where safety wants
snapshots faster than meaning accrues, the private-branch checkpoint
pattern from this chapter's close covers the gap: checkpoint freely,
reshape before sharing, publish stages.

The message is the claim

If the diff is the entry's evidence, the message is its claim — the one
part of the ledger written purely for future readers, and the part machine
operators most reliably squander. The register's composition, demonstrated
whole and then dissected:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo x > f && git add -A
git commit -q -m "cap GPU power at 500W at boot" -m "PSU trips on transient spikes when both cards boost together; capping at boot prevents the trip window before the daemon applies profiles. Verified: vendor tool reads 500 after reboot." -m "Ledger-Op: gpu-power-cap:2026-08
Co-Authored-By: operator-session-93 <op@example.invalid>"
git log -1 --format="SUBJECT: %s%nBODY: %b" | head -6
echo "--- trailers, parsed:"
git log -1 --format=%B | git interpret-trailers --parse


SUBJECT: cap GPU power at 500W at boot
BODY: PSU trips on transient spikes when both cards boost together; capping at boot prevents the trip window before the daemon applies profiles. Verified: vendor tool reads 500 after reboot.

Ledger-Op: gpu-power-cap:2026-08
Co-Authored-By: operator-session-93 <op@example.invalid>

--- trailers, parsed:
Ledger-Op: gpu-power-cap:2026-08
Co-Authored-By: operator-session-93 <op@example.invalid>


The mechanics first, since they are the register's whole reason this works
without an editor: repeated -m flags become paragraphs, so
subject-body-trailers composes in one shot, no $EDITOR trap, no here-doc
gymnastics required (though git commit -F - with a here-doc is the equal
citizen for messages built by tooling). The anatomy carries fifty years of
convention worth honoring because every tool downstream assumes it. The
subject is the claim compressed: imperative mood, capitalized, no period,
targeted under fifty characters and hard-capped by convention around
seventy-two, because --oneline views, forge UIs, and shortlog digests
show the subject alone — it is the entry's row in every summary the
supervisor will ever scan. The body answers the question the diff cannot:
why — the situation that demanded the change, the alternative rejected,
and (house discipline from volume one) the verification performed, stated
as evidence. What the body never does is narrate the diff — "changed X to
Y" restates what show displays authoritatively; the reviewer has the
diff, and needs the reasons. And the trailers are the provenance block:
machine-parseable Key: value lines at the message's end, extracted
cleanly by interpret-trailers as the transcript shows — attribution
(Co-Authored-By), issue linkage, and, for this book's reader, the key
that closes the loop with volume two: a Ledger-Op: trailer carrying the
estate's idempotency key binds the commit to the operation that produced
it, making "which session did this and what else did it do" a join instead
of an investigation.

Rehearse the entry

Volume one's doctrine — rehearse anything you cannot take back — lands here
with unusual grace, because the staging design gives the rehearsal for
free. The staged entry can be read exactly as it will be recorded before
recording it:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo a > f && git add -A && git commit -qm base
echo b >> f && echo temp > scratch.tmp
git add f
git diff --staged --stat
git diff --stat


 f | 1 +
 1 file changed, 1 insertion(+)


diff --staged answers "what will this commit contain?"; plain diff
answers "what am I leaving behind?" — here, nothing staged-but-unwanted
and nothing wanted-but-unstaged (the scratch file, untracked, correctly
appears in neither). That pair of reads, run before every commit, is the
proof-of-target discipline: the first is the entry's preview, the second
the check that no intended change was orphaned. The full-text form
(diff --staged, unabridged) is the actual rehearsal for consequential
entries — bounded, per volume one, with --stat first and the full diff
only at the size the stat justifies — and git commit --dry-run adds the
final formality, reporting what would be committed without committing.
An operator that reads its staged diff before committing catches, at the
cheapest possible moment, every accident this chapter has named: the
stray file -A swept in, the v3-vs-v2 surprise, the second truth hiding
in the first truth's entry. Thirty seconds of read against an immutable
entry in a shared ledger — volume one's economics have rarely priced
anything so lopsidedly.

Wrong-sized anyway: the private repair window

Discipline notwithstanding, operators will sometimes commit and then see
the flaw — the typo in the subject, the file that belonged in the previous
entry, the truth that turned out to be two. The repair instruments exist
and are non-interactive; what bounds them is audience, and the bound is
absolute enough to state before the tools. A commit that has been pushed
to a shared branch is published history — other operators may already
hold it, build on it, cite its hash in their own ledgers — and repairing
it in place is chapter 6's cardinal sin, forgery-shaped even when
innocent. A commit that exists only locally is a draft entry, and
drafts are the operator's to reshape freely. Within that window: commit
--amend re-opens the newest entry (the chapter 1 demonstration showed
its mechanics — a new commit, the old abandoned), --amend --no-edit
folds a forgotten file into it, and deeper reshaping — combining fixup
commits into their targets across the last few entries — runs
non-interactively through the door volume one taught for every
editor-insisting tool: rebase --autosquash with the sequence editor
scripted (GIT_SEQUENCE_EDITOR=: accepts the generated plan verbatim),
consuming the commit --fixup=<target> entries the session dropped as it
noticed flaws. The pattern that keeps checkpoint anxiety and entry
discipline compatible: commit checkpoints freely on the private branch
while working — safety is cheap — then spend one reshaping pass before
the branch is shared, so what publishes is the ledger the work deserved.
The boundary, restated once because everything in chapter 6 hangs on it:
reshape drafts, never publications.

Reading an entry like an operator

Composition is half the craft; the other half is consuming commits others
made — the inheritance problem again — and volume one's four-question
transcript routine adapts to the ledger entry nearly clause for clause.
First the claim against the evidence: does the subject describe what the
diff actually does? The disagreement cases are the diagnostic gold — a
subject narrower than its diff ("fix typo" touching four hundred lines)
flags either a careless bundler or a change hiding inside a trivial one,
and both readings demand the full diff before trust; a subject broader
than its diff flags work that was intended and not completed, the open
intent of volume two wearing git's clothes. Second the shape: the
--stat silhouette before any content — file count, spread across
subsystems, insert/delete balance — because shape anomalies (the
one-line fix touching thirty files; the "refactor, no behavior change"
that is 90% insertions) are cheaper to catch than content anomalies and
usually decisive about how deeply to read. Third the provenance: author,
committer, trailers — who claims this work, which operation produced it
(the Ledger-Op join, when the convention holds), and whether the
verification the body claims is stated as evidence ("tests pass") or as
hope ("should work") — volume one's evidence-theater detector, applied to
messages. Fourth the absence check: what the entry should contain and
does not — the test that should accompany the fix, the migration that
should accompany the schema change, the documentation the new flag owed —
because an entry's gaps, like a transcript's silences, are findings that
no amount of reading its contents will surface. The routine takes under a
minute against a well-shaped entry, longer against a monolith — which is
itself the economics of this chapter, experienced from the consumer's
side, and the fairest argument for imposing on one's own commits the
discipline one's own reviews will wish for.

The reading commands compose to the routine's rhythm, bounded per volume
one throughout. git show --no-patch --format=fuller <hash> serves
questions one and three in a dozen lines — full message, both identities,
both dates — without a byte of diff; show --stat adds the silhouette
for question two; and the full show, the expensive read, is spent only
on entries the cheaper reads flagged, with pathspec narrowing (show
<hash> -- path/) when only one file's role is in question. The pager
trap applies to all of them under interactive detection and to none of
them under capture — but the operator that sets GIT_PAGER=cat in its
preamble never has to remember which, which was volume one's argument
for preambles the day it made it.

The entry, then: one truth, staged precisely, previewed exactly, claimed
in a subject the summaries will carry, justified in a body the diff
cannot supply, attributed in trailers machines can parse, and repaired
only while it is still yours alone. Ledger entries of that shape are what
make the next chapter possible at all — because history worth reading is
made of commits that were written to be read, and reading history is the
operator's next superpower.
Chapter 3 — Reading History as Evidence

Draft status: author draft; human verification pending. Outputs are real
transcripts from scratch repositories with deliberately planted histories.

The ledger answers questions

Volume two's refrain — state you cannot query is barely state at all — has been
aimed at this chapter since chapter 1 called the repository a ledger. A
repository the operator only writes to is a filing cabinet; the craft dividend
arrives when history becomes the first place questions go: when did this
setting change, who touched this line and under what claim, what happened to
this file before it wore this name, what does that branch hold that this one
lacks. Interactive developers answer such questions by scrolling — log in a
pager, eyes hunting — which is exactly the reading mode volume one retired.
The register's answer is that git log is a query language wearing a
pager's clothing: date bounds, path scopes, content predicates, line
tracers, and set arithmetic, every one of them composable into bounded
one-shot reads. This chapter is that query language, taught the way volume
one taught journalctl — bounds first, machine formats second, and the
expensive read spent only where cheap reads point.

The bounding discipline transfers without modification, because unbounded
log is unbounded journalctl with better compression. Every history
query in this book carries at least one of: a count (-n 20), a date fence
(--since, --until — taking the same English the journal took), a path
scope (-- path/, which also collapses noise better than any filter
applied after), or a range (the set arithmetic at this chapter's end). And
every query meant for parsing states its format explicitly — --format
with field tokens (%h %s, %an, %aI for strict ISO dates — chapter 3
of volume two smiling from the wings) rather than the default
human-shaped layout, with -z termination available where filenames may
appear. The reflex pair, then: bound the question, declare the shape.
Everything below assumes both.

Formats built for the next command

Declaring the shape deserves its demonstration, because the default log
layout — hash line, author line, date line, blank line, indented message —
is a human display in exactly volume one's sense: pleasant to eyes,
hostile to awk. The --format tokens compose the machine face:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
for s in "initial config" "add request timeout" "drop timeout: upstream handles it now"; do echo "$s" >> log.txt; git add -A; git commit -qm "$s"; done
git log --format="%h|%aI|%an|%s"


fff6b5d|2026-08-28T13:57:35-07:00|operator|drop timeout: upstream handles it now
87a9807|2026-08-28T13:57:35-07:00|operator|add request timeout
ec7ad7b|2026-08-28T13:57:35-07:00|operator|initial config


One row per commit, fields chosen and delimited by the operator, ready
for the cut and join and comparison volume one built its pipelines from.
The tokens worth memorizing are few: %h/%H short and full hash, %s
subject, %b body, %an/%ae author name and mail, %aI the author
date in strict ISO-8601 — the format volume two's estate speaks natively,
so history rows and ledger rows join on timestamps without conversion —
and %(trailers:key=Ledger-Op) lifting a named trailer straight into the
row, which turns chapter 2's provenance convention into a queryable
column. Delimiter choice follows the usual paranoia (subjects may contain
pipes; %x00 emits NUL for the fully hostile case), and the same
--format vocabulary drives show, branch --format, and for-each-ref
— one shape language across every reading tool. The rule it all serves is
volume one's porcelain rule with a local sharpening: the default log
layout is not an interface; the format string is.

The pickaxe: asking about content

The question histories get asked most — when did this change, and by which
commit? — has a dedicated instrument almost no interactive tutorial
teaches, because scrolling hides its necessity. The pickaxe, -S, filters
history to the commits where a given string's occurrence count changed —
the commits that introduced or removed it:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
printf "retries = 3\n" > app.conf; git add -A; git commit -qm "initial config"
printf "retries = 3\ntimeout = 30\n" > app.conf; git add -A; git commit -qm "add request timeout"
echo "unrelated" > notes.md; git add -A; git commit -qm "add notes"
printf "retries = 3\n" > app.conf; git add -A; git commit -qm "drop timeout: upstream handles it now"
git log --oneline -S "timeout = 30" -- app.conf


94c6b39 drop timeout: upstream handles it now
8b92d86 add request timeout


Four commits of history, and the pickaxe returned exactly the two that
matter to the question "what is the story of timeout = 30?" — its birth
and its death, each carrying its claim (and the death's message answering
the why a bare diff never could — chapter 2's message discipline, paying
the reader back). The unrelated middle commit never surfaces. For an
operator diagnosing configuration drift — volume one's "it worked
yesterday" — this is the opening query: the setting's value is wrong now;
-S with the old value finds the commit that removed it, -S with the new
value finds the commit that planted it, and both arrive with authors,
dates, and reasons attached. The variant -G takes a regex and matches
commits whose diff mentions the pattern (not just occurrence-count
changes — it also catches lines that moved or changed around the pattern),
the broader net when the exact string is uncertain; the discipline of
preferring -S first is the register's exactness preference from volume
two's search chapter, transplanted.

Line archaeology

Below file granularity lives the question blame half-answers and -L
answers properly: what is the story of this line?

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
printf "alpha\nbeta\ngamma\n" > f.txt; git add -A; git commit -qm "three lines"
printf "alpha\nBETA\ngamma\n" > f.txt; git add -A; git commit -qm "capitalize beta"
printf "alpha\nBETA!\ngamma\n" > f.txt; git add -A; git commit -qm "emphasize beta"
git log -L 2,2:f.txt --oneline --no-patch


50be31b emphasize beta
3b59905 capitalize beta
5d1d48b three lines


Three commits, and line two's complete biography: created, capitalized,
emphasized — every commit that ever touched the line, in order, with
claims. -L takes line ranges (-L 10,25:file) and even function names
(-L :funcname:file, using language-aware heuristics), and it follows the
line through edits above it that shift its number — the bookkeeping that
makes manual diff-walking miserable, done by the engine. Its sibling
question — where did this file come from? — meets rename tracking:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo content > old-name.md; git add -A; git commit -qm "create doc"
echo more >> old-name.md; git add -A; git commit -qm "extend doc"
git mv old-name.md new-name.md; git commit -qm "rename doc"
echo "without --follow: $(git log --oneline -- new-name.md | wc -l) commits"
echo "with --follow:    $(git log --oneline --follow -- new-name.md | wc -l) commits"


without --follow: 1 commits
with --follow:    3 commits


The default path query stops at the rename — one commit, a file
apparently born yesterday — while --follow walks through it to the true
origin. The trap shape is volume one's calm-face family: the unfollowed
query succeeds, returns plausible history, and silently amputates
everything before the rename; nothing warns. The habit: any history
question about a file older than its current name — and the operator
often cannot know — asks with --follow, and any surprisingly short
file history is re-asked with --follow before being believed.

Blame, read correctly

git blame — every line annotated with the commit that last touched it —
is history's most famous query and its most misread. The misreading is in
the name: blame answers last touch, not authorship of behavior. The
line that broke production may be "blamed" on the reformatting commit
that re-indented it, the rename that moved its file, or the mechanical
sweep that changed a parameter name across forty files — while the mind
that wrote the logic lives three commits deeper. The register reads blame
as a starting pointer, never a verdict, and drives it with the flags
that strip mechanical noise: -w ignores whitespace-only touches; -C
traces lines copied or moved across files to their true origin; and
--ignore-rev (or a committed blame.ignoreRevsFile listing the
project's known reformatting commits — policy code, chapter 2's ignore
discipline for attribution) excludes named noise commits from
consideration entirely. When blame's answer survives those flags, the
next hop is -L on the implicated lines for the full biography, and
then the four-question read of the guilty entry. Attribution earned
that way holds up in the incident review; attribution read off bare
blame output regularly indicts the janitor.

Ranges: history as sets

Multi-branch questions — what is on that branch, what will this merge
bring, how far have we diverged — are set questions, and git's range
syntax is set notation compact enough to misread, so the register learns
it once, precisely:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo base > f; git add -A; git commit -qm base
git checkout -qb feature; echo feat > g; git add -A; git commit -qm "feature work"
git checkout -q main; echo mainline > h; git add -A; git commit -qm "mainline work"
echo "feature has, main lacks (main..feature): $(git rev-list --count main..feature)"
echo "main has, feature lacks (feature..main): $(git rev-list --count feature..main)"
echo "either side since fork  (main...feature): $(git rev-list --count main...feature)"


feature has, main lacks (main..feature): 1
main has, feature lacks (feature..main): 1
either side since fork  (main...feature): 2


Two dots, A..B: commits reachable from B and not from A — "what does B
have that A lacks", direction mattering, the workhorse for "what would
this merge bring" (main..feature) and "what am I behind" (HEAD..origin/
main). Three dots, A...B: the symmetric difference — everything on
either side since the fork point, the divergence overview. rev-list
--count turns any range into arithmetic (the estate's counters, for
history), and the ranges feed every history command uniformly: log
main..feature to read the incoming claims, diff main..feature to read
the incoming content. One asymmetry demands memorization because it
inverts the pattern: for diff — and only for diff — the three-dot form
does not mean symmetric difference; diff A...B shows B's changes
since the merge-base (the fork point), which is almost always what
review wants and almost never what the log-trained intuition expects.
The pair to internalize: log likes two dots for direction, diff likes
three dots for review — and an operator unsure at composition time
spends one merge-base query to see the fork point explicitly rather
than trusting punctuation it half-remembers.

Two clocks per entry

Chapter 1 introduced the author/committer pair for identity; the pair
of dates matters to queries enough for its own caution. The author
date marks when the change was made; the committer date, when this
object entered this history — and chapter 6's instruments split them
routinely: a rebase rewrites committer dates wholesale while preserving
author dates, a cherry-pick likewise, so a branch reshaped Tuesday from
work written in May carries May's %aI and Tuesday's %cI on every
entry. The queries care because they default differently than intuition
expects: log --since and friends filter on commit date, so "what
was written in May" asked naively of reshaped history answers "nothing"
— the work is there, wearing Tuesday's commit dates — while
--author-date-order and explicit %aI formats reach the other clock.
The register's rule assigns each clock its questions: process
archaeology (when did this land, what entered last week, release
windows) reads committer dates, which is what the defaults serve;
provenance archaeology (when was this actually written, what was
concurrent with what) reads author dates, explicitly. And ledger
entries that join history to the estate record both when the
distinction could matter — one more two-line habit that costs nothing
on the day it is formed and settles an argument on the day it is
needed.

The sweep, composed

The instruments combine into the register's standard multi-angle hunt, and
one worked narrative fixes the composition better than rules. The incident:
a service that retried politely last month now hammers its upstream;
somebody changed retry behavior; find the change and its reasoning. The
sweep opens cheap and wide: log --oneline --since='6 weeks' -- config/
— fifteen entries, subjects scanned, nothing obviously guilty (a subject
scan is a claims scan; chapter 2's discipline decides whether it can be
trusted, and here it cannot, since two subjects say "update settings").
Second angle, content predicate: log -S 'backoff' --since='6 weeks' —
two hits, one introducing backoff = exponential, one — the later —
removing it inside one of those "update settings" monoliths. Third angle,
scope the damage: show --stat on the guilty entry (eleven files — the
monolith buried the behavior change among renames), then show <hash> --
config/retry.conf for the one diff that matters. Fourth angle, the
biography: -L on the changed stanza confirms the exponential line lived
eight months and died without a stated reason — the body says nothing;
the claim-versus-evidence gap of chapter 2, met in the wild. Total cost:
four bounded reads, no scrolling, and the output of the sweep is not just
the culprit commit but the case file — hashes, dates, authorship, the
absence of justification — that volume one's handoff format and chapter
8's review response both consume directly. The general shape (wide cheap
scan → content predicate → scope → biography) transfers to every history
hunt; only the predicates change.

Reading diffs at the right resolution

The diff itself — this chapter's most-consumed output — has resolution
controls the register should drive deliberately rather than accept at
line default. --stat first, always (the silhouette; chapter 2's
routine). For prose, config, and anything where a line is a paragraph,
--word-diff collapses the misleading full-line churn into the words
that changed — the difference between "this line changed" and "this
value changed", which for the config archaeology this book keeps
returning to is the whole question. For refactors, --color-moved
(with --color-moved-ws=allow-indentation-change for the re-indent
case) distinguishes moved code from added-and-removed code — the
reading that turns a terrifying 400-line diff into "one block moved,
three lines actually new", and the reviewer's honest answer to
mechanical changes chapter 8 will flag. -w ignores whitespace
outright where formatting noise drowns signal. And the same flags feed
the pipeline forms — the capture-mode operator reads --word-diff=porcelain
when parsing, per the porcelain rule. Resolution, like bounding, is
part of composing the read: the default line diff answers "what
changed" at one altitude, and an operator that never changes altitude
is doing archaeology with one lens — workable, and permanently slower
than the machine offering the zoom.

Annotating after the fact: notes

One reading-adjacent instrument completes the evidence toolkit because
it solves a problem the append-only design otherwise leaves sharp: how
to attach information to a commit after it exists — the benchmark
result measured post-merge, the incident that later implicated it, the
"superseded by" pointer — without rewriting anything. git notes
maintains exactly this: a parallel, attachable annotation per object,
displayed alongside the commit in log but stored outside it, so the
hash chain stands unmodified while the fleet's afterknowledge
accumulates. The register's uses are the estate's margins made public:
notes add -m 'bench: p95 82ms (run 4411)' <hash> binds a measurement
to the exact content it measured; a notes ref per concern (--ref
perf, --ref incidents) keeps annotation streams separable; and
because notes are refs, they push and fetch deliberately (not by
default — a fleet that adopts them wires the sync into its open
ritual). The honest bounds mirror their design: notes are mutable —
that is their purpose — so they carry the estate's provenance
discipline (who noted, when, from what evidence, inside the note's
text) precisely because the chain does not carry it for them; and
anything whose integrity matters as much as its content belongs in a
signed tag or the estate proper, not a note. Rightly bounded, notes
answer the archaeologist's recurring wish — the ledger should have
known this — with the append-only system's own grammar: the entry
stands; the knowledge attaches beside it.

Counting as evidence

Between reading entries and naming moments sits the aggregate layer —
history as statistics — and the register uses it the way volume two used
the run registry: calibration, not curiosity. rev-list --count has
appeared already as range arithmetic; its siblings answer standing
questions one number at a time. Freshness: log -1 --format=%aI -- path/
dates a subsystem's last real change, and a "stable" module untouched for
two years reads very differently from one changed weekly — staleness
pricing for code, volume two's recorded_at discipline applied to the
shared ledger. Churn: log --since='3 months' --oneline -- path/ | wc -l
ranks where change actually concentrates, which is where review attention,
test investment, and — chapter 4's interest — bug probability concentrate
too. People: shortlog -sn --since='3 months' -- path/ names who really
owns a subsystem now, as against the archaeology bare blame implies.
None of these numbers proves anything alone — the honest-limits section
below applies to aggregates doubly, since curated history curates its
statistics — but as priors for where to look, whom to ask, and how
hard to verify, they are one-line queries that replace folklore with
arithmetic. An operator planning work in an unfamiliar repository spends
five such counts before its first edit; the counts are the briefing's
quantitative half. And like the registry's statistics, they compound
across sessions when recorded: a lineage that logs its pre-work counts
into the estate can later ask which priors predicted trouble and which
merely felt predictive — the operator calibrating its own calibration,
which volume two argued is the only kind that survives contact with
enough incidents to matter.

Named moments

Hashes address history precisely and mean nothing; the ledger's readable
anchors are tags, and the reading operator meets them constantly enough to
know their two species apart. A lightweight tag is a bare name pointing at
a commit — a sticky note, no provenance, fine for private bookmarks. An
annotated tag is an object: it carries its own tagger identity, date,
and message, hashed and chained like everything else — a ledger entry
whose claim is "this commit is a named moment", which is why releases,
review baselines, and anything another party will reference use annotated
tags exclusively (this press's own pipeline tags each reviewed version of
a manuscript v1, v2 — annotated moments in exactly this sense). The
reading queries: tag -l 'v*' --format lists names with the same token
language as everything else; describe inverts the lookup — given any
commit, it answers where is this relative to the named moments
(v2-14-gf29483c: fourteen commits past v2), the one-line orientation
that turns an arbitrary hash into a position humans can discuss; and a
tag's own claim is read with show <tag> --no-patch, tagger and message
included. The operator's writing rule mirrors the reading: moments worth
naming are named with -a and a message that says what the moment is
(volume two's reason column, again), because a bare v2 whose meaning
lives in somebody's memory is the midden's naming scheme, reborn at the
ledger's front door. And because tags are the anchors other parties build
on, they inherit the publication boundary early: a pushed tag is a
promise; re-pointing one is chapter 6's sin in its most disruptive form,
since consumers cache tag meanings precisely because they are supposed
never to move.

What history cannot tell you

The chapter closes on the ledger's honest limits, because evidence
misread as more than it is corrupts better decisions than ignorance does.
History records committed outcomes: it holds no trace of the approaches
tried and abandoned before the entry (the working tree's churn is
invisible), and — by this book's own chapter 2 counsel — the private
reshaping window means published history is a curated account of
process, deliberately cleaner than the work it records. That is a feature
for readers and a caveat for forensics: "the fix took one clean commit"
describes the ledger, not the afternoon. Second, the dates are
declarations, not measurements. Author and committer timestamps are
values the committing process asserts — settable by environment,
inherited oddly through rebases and cherry-picks — and the hash chain,
for all its tamper-evidence, proves only relationships between contents,
never wall-clock truth; an operator that needs trustworthy timing keeps
it in volume two's estate, whose clock discipline it controls, joined to
commits by hash. Third, blame and log answer about lines and files, not
behavior: the commit that broke the system may be the innocent-looking
enabler three weeks before the symptom, and no textual query proves
causation. Which is precisely the boundary where reading ends and
experiment begins: history as evidence says what changed and what was
claimed; only running the code says what worked. The next chapter
makes history runnable.

The inheritance briefing

Chapter 1 promised that a fresh clone gets a briefing before it gets
work; this chapter can now write it. The queries, each bounded, each a
line or two, composing the repository's introduction shot: identity and
position — remote -v, current branch, log -1 --format for HEAD's
claim and date; the shape of recent history — log --oneline -15 read as
a ledger-quality sample (are these single truths with real claims, or
"updates"? — the answer calibrates how much to trust every other query);
the cast — shortlog -sn --since='3 months' for who actually works here;
the live topology — branch -a --format with upstream tracking, plus
main...origin/main counts for local drift; the conventions — does
log --format=%B -5 show trailers, does the tree carry the policy files
(ignore, attributes, hooks documentation) chapter 7 will look for; and
the standing risks — status --porcelain for inherited dirt, stash
list for a predecessor's abandoned intentions. Ten queries, one
transcript page, and the operator knows what it holds, who it works
beside, and which of this book's disciplines the project already
practices — the estate briefing of volume two, executed against the
ledger everyone shares. What the briefing cannot say is whether the
inherited history works — whether HEAD builds, whether the tests pass,
which commit broke what. Those are questions history answers only when
interrogated experimentally, and the next chapter automates the
interrogation.
Chapter 4 — Diagnosis by Bisection

Draft status: author draft; human verification pending. The bisection in this
chapter's central listing is a real unattended run against a planted regression;
outputs are its true transcript.

Where reading ends

Chapter 3 closed at the boundary every history reader eventually hits: the
ledger says what changed and what was claimed; only running the code says what
worked. The question that lives past that boundary is the oldest in
operations — it worked before and it does not work now; which change broke
it? — and the interactive tradition answers it with an expert's intuition:
skim the log, suspect the likely commits, check out a few, test by hand,
narrow by feel. The register cannot use intuition-shaped tools, and here that
poverty becomes wealth, because git ships the systematic answer as a built-in,
and the systematic answer wants to be run by a machine. Bisection is binary
search over history: pick the midpoint between a known-good and a known-bad
commit, test it, discard the half the result exonerates, repeat. Each probe
halves the suspect range, so the arithmetic is logarithmic and worth feeling
once: twenty suspect commits need at most five probes; a thousand need ten; a
year of a busy repository — ten thousand commits — falls in fourteen. The
interactive expert's skimmed suspicion competes with that arithmetic only on
lucky days, and the operator that internalizes it stops dreading wide suspect
ranges at all: doubling the range costs one probe.

Manual bisection (bisect start, then bisect good/bisect bad verdicts by
hand, checkout by checkout) is the teaching form, and the register skips
straight past it to the form built for unattended use — git bisect run,
which takes a predicate command and conducts the entire search alone: check
out midpoint, run predicate, read its exit status as the verdict, move, and
repeat until the culprit is cornered. Diagnosis collapses into a
predicate-writing problem — and predicate-writing is a discipline this
series' reader has been practicing since volume one taught that exit codes
are the channel machines speak. This chapter is the craft of that collapse.

The whole hunt, unattended

The demonstration plants a regression the way real ones happen — buried
mid-history among unrelated changes, with two commits along the way that
cannot be tested at all (their "build" is broken, as mid-refactor commits'
builds often are) — then hands the hunt to the machine:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
for i in $(seq 1 20); do
  if [ $i -eq 13 ]; then printf "threshold = 50\nlimit = 9000\n" > app.conf
  elif [ $i -lt 13 ]; then printf "threshold = 50\nlimit = 100\n" > app.conf
  fi
  if [ $i -eq 7 ] || [ $i -eq 14 ]; then touch BROKEN_BUILD; else rm -f BROKEN_BUILD; fi
  echo "change $i" >> notes.txt; git add -A; git commit -qm "change $i"
done
cat > predicate.sh <<'PEOF'
#!/bin/sh
[ -e BROKEN_BUILD ] && exit 125          # untestable here: tell bisect to skip
grep -q "^limit = 100$" app.conf         # 0 = still good, 1 = regressed
PEOF
chmod +x predicate.sh
git bisect start HEAD HEAD~19 >/dev/null 2>&1
git bisect run ./predicate.sh >bisect.out 2>&1
grep -E "first bad commit" bisect.out | head -1
git log -1 --format="guilty entry: %h %s" "$(git rev-parse refs/bisect/bad)"
echo "probes spent: $(grep -cE "^git bisect (good|bad|skip)" .git/BISECT_LOG) across 19 candidate commits"


f797dde9bfd042b28429ad42b8f5863e27658d46 is the first bad commit
guilty entry: f797dde change 13
probes spent: 5 across 19 candidate commits


Change 13 — the commit that moved limit from 100 to 9000 — identified
exactly, unattended, in five probes over nineteen candidates, including a
midpoint that landed on an untestable commit and was routed around by the
predicate's exit 125 without human help: of the two broken-build commits
planted, the hunt met one on its path and skipped it, and never had to visit
the other — a bisection pays only for the commits on its route. (The probe
count is read from the verdict lines the session actually issued —
git bisect good/bad/skip — not from the log's comment lines, which also
record the two endpoints the operator asserted rather than probed.) Read the
three moving parts the way the operator will reuse them. bisect start HEAD
HEAD~19 declares the frame: bad here, good nineteen back — the two
assertions everything rests on, of which more below. The predicate is the
hunt's entire intelligence, and its contract is pure volume one: exit 0
declares this commit good, exit 1 through 127 declares it bad — except
125, the reserved status meaning "this commit cannot be judged; skip it",
which the predicate's first line spends on the broken-build marker. And the
wrap-up queries collect the verdict from where bisect leaves it: the
refs/bisect/bad ref names the culprit for machine consumption (no parsing
of the human transcript required), and the bisect log — itself a replayable
record, git bisect log emitting the whole session as commands — is the
hunt's ledger entry, ready for the estate. One footnote closes the frame:
bisect reset afterward returns the repository to where it stood, because
a bisect session leaves HEAD detached mid-history, and a session that
forgets the reset bequeaths its successor a repository lying about what it
was doing — volume two's unfinished-run inheritance, avoidable here by
making reset part of the ritual.

Writing predicates: the whole craft

Everything rides on the predicate, and its craft is volume one's shot
discipline with a new consumer: not a transcript reader but the bisect
engine, probing dozens of times without supervision. Four properties
decide whether the hunt converges on truth.

Correct polarity, verified first. Before handing the predicate to run,
execute it once at the known-bad point and once at the known-good point
and confirm it says what the frame asserts — bad fails, good passes. The
failure mode this prevents is not subtle: a predicate inverted, or subtly
testing the wrong thing, does not err randomly — it conducts a flawless
binary search to a confidently wrong commit, and the operator inherits a
verdict with perfect form and no truth. Volume one's evidence-theater
detector ("what outcome would make this print differently?") applies to
predicates verbatim, and the two-point calibration is its mechanical form.

Hermetic and bounded. The predicate builds what it tests from the
checked-out tree alone, touches no shared state (a scratch directory per
probe — mktemp discipline — because probes run in sequence in one
working tree), and bounds itself in time (timeout from volume one; a
hung probe is a hung hunt) and in output (bisect keeps the transcript;
a chatty predicate buries the verdicts). Where the build is expensive,
the predicate caches by commit hash — content-addressing from chapter 1,
serving diagnosis.

Deterministic — or made honest about not being. A flaky predicate is
bisect poison: one wrong verdict sends the search into the wrong half,
and the final answer is an innocent commit — worse than no answer,
because it arrives with bisect's authority. The mitigations, in order:
fix the flake (best); run the probe N times inside the predicate and
verdict on the consensus (the vote pattern, volume two's verification
instincts); or, when flakiness cannot be tamed, drop to manual bisection
with human judgment on the ambiguous probes — the one place this chapter
concedes the register.

Skip honestly, and read skips honestly. Exit 125 is for genuinely
untestable states — broken builds, missing fixtures — and the earlier run
showed it working when the untestable zone lies away from the boundary.
The honest caveat from this book's own testing: when the culprit hides
inside or adjacent to a skipped stretch, bisect ends not with a verdict
but with a candidate set — "the first bad commit could be any of these" —
and that answer is correct behavior, not failure: the ledger contains
commits that cannot be judged, and the machine has narrowed truth to the
smallest set the evidence permits. The follow-up is manual: make one
candidate testable (patch the broken build in the working tree, test,
revert the patch) or judge by reading. An operator that reports the
candidate set as a candidate set, rather than picking one and calling
it the verdict, is practicing volume one's claims-sized-to-evidence at
the exact moment it is hardest.

Framing the hunt

The frame — the good and bad endpoints — is the operator's other
contribution, and its craft is short but consequential. The bad end is
usually free: HEAD, or the deployment that alarmed. The good end wants
the nearest trustworthy anchor, and chapter 3 already built the finding
tools: the last release tag that verifiably worked (describe orients),
a date fence (log -1 --before='2 weeks ago' --format=%H for "whatever
we ran then"), or the estate's own records — volume two's run registry
saying which commit the last green deployment carried, joined by the
hash that chapter 2's trailers put in reach. Two temptations to resist:
framing narrow to save probes (the arithmetic says wide is cheap; a
wrongly-asserted good endpoint, believed because it saved three probes,
poisons the hunt the same way an inverted predicate does — when in
doubt, widen to certainty); and bisecting with a dirty working tree
(bisect refuses or entangles; stash or commit first — chapter 2's
cadence means there is usually nothing loose to entangle).

What to bisect generalizes past "the tests broke", and the register's
operators should carry the wider list: performance regressions (the
predicate measures and compares against a threshold — volume one's
instrumented probes, promoted to verdicts); configuration drift (this
chapter's demo was one); behavioral changes with no failing test yet
(the predicate is the reproduction script of the bug report); even
documentation rot (the predicate greps for the promise that vanished).
Anything a script can judge, history can be searched for — which is the
chapter's thesis run backward.

A second hunt, in prose

The demo's predicate was a grep; the instrument's reach shows better in the
hunt operators actually dread — it got slow. The service's p95 latency
doubled somewhere in six weeks of commits; no test fails; nothing in the
log confesses. The predicate for this hunt is a measurement with a
verdict: start the service from the checked-out tree, warm it, fire the
benchmark volume one taught (bounded requests, curl's timing variables
or the harness's equivalent), compare the measured figure against a
threshold, exit accordingly. Two craft points carry the whole case. The
threshold is chosen from the endpoints: measure at known-good and
known-bad first — 80 ms and 160 ms, say — and place the bar between them
at the point that separates the populations (120 ms), not at the spec's
wishful target; a threshold below the good end's natural variance
convicts innocents, and the two-point calibration that verified polarity
doubles as the variance check (run each endpoint thrice; if the spreads
overlap the bar, the predicate votes N runs and verdicts on the median —
determinism bought with repetition). And the measurement is hermetic in
the register's fullest sense: same machine, same load conditions, warmup
discarded, because a bisection whose probe conditions drift mid-hunt is
measuring the afternoon, not the commits. Framed at the last green
deploy's hash — read from volume two's run registry, which has been
recording exactly this anchor since its chapter 4 — the hunt runs
unattended through sixty commits in six probes, and the guilty entry
turns out to be the innocent-looking cache-key widening nobody suspected.
The moral is the chapter's thesis at full strength: intuition had no
suspect; arithmetic did not need one.

Merge-heavy history: hunting at the right altitude

Real shared history is not the demo's clean line — it braids, and
bisection's default walks every commit, including the interior commits
of merged branches. That default is sometimes exactly wrong. In a
repository that integrates by merge (the PR shape chapter 8 assumes),
main's own history is a sequence of integration points, and the question
the incident actually asks is usually "which merge broke main?" — the
altitude at which the remedy (revert the merge, re-open the PR) also
operates. The instrument has a switch for the altitude:
git bisect start --first-parent walks only the first-parent chain —
main's own spine — treating each merged branch as one opaque step, which
both matches the question and slashes the candidate count (a busy main's
spine is dozens of merges where its full graph is thousands of commits).
The full-graph default earns its keep afterward, if the convicted merge
is large: a second, interior bisection framed inside the guilty branch
(good at its fork point, bad at its tip) descends from the merge verdict
to the individual entry. Two altitudes, two frames, same machinery —
and the operator that asks at merge altitude first is aligning the hunt
with how the ledger was actually written, which is chapter 2's shaping
discipline collecting one more dividend.

The probe budget

Bisection's economics deserve one honest table-in-prose, because "it's
logarithmic" hides the term that dominates practice: the predicate's own
cost. Probes number log₂ of the frame — five for twenty commits,
fourteen for ten thousand — but each probe pays the full price of
checkout plus build plus test, and a twenty-minute build makes fourteen
probes an overnight affair. The levers, in the order the register pulls
them: cheapen the predicate (test the narrowest reproduction, not the
suite; build only the implicated component — the pathspec discipline
applied to compilation); cache by content (chapter 1's hashes mean a
probe's build outputs can be keyed by tree hash and reused when
bisection revisits nearby states — real hunts revisit more than
intuition expects); narrow the frame honestly (a trustworthy newer
good-anchor from the registry saves probes without risk; a guessed one
poisons the hunt — the earlier warning, restated as economics: one probe
costs minutes, a wrong frame costs the whole hunt); and parallelize only
with care (bisect itself is inherently sequential — each verdict decides
the next probe — but the endpoints' calibration runs and a suspected
handful of spot-checks can run concurrently in chapter 5's worktrees
before the formal hunt frames itself). And when the arithmetic still
lands the hunt at hours: that is what unattended means — the operator
dispatches the run, volume one's monitoring patterns watch it, and the
verdict is waiting in refs/bisect/bad when the next session opens.
The interactive expert cannot skim while asleep. The register can.

Hunting forward: old and new

Bisection's vocabulary betrays its usual errand — good, bad, a
regression assumed — and hides its generality: the machinery finds any
boundary where a testable property flips, in either direction. The
built-in generalization is terms: git bisect start --term-old=absent
--term-new=present renames the poles, and the hunt now answers
questions the good/bad frame contorts: when did this behavior appear
(hunting a feature's birth, or an unwanted side effect's — "bad" would
be backward); when did this file's format change; when did performance
improve (finding the optimization worth backporting — the happy
hunt, and the terms keep the predicate's polarity readable). The
register's interest is partly cognitive hygiene: chapter 4's inverted-
predicate accident breeds precisely in frames where "good" must mean
"the thing I am hunting is present", and self-chosen terms
(--term-new=fixed, hunting the commit that silently fixed a bug
nobody claimed — a real genre: the fix worth understanding and
porting) let the predicate read as the question reads. Mechanically
nothing changes — same halving, same 125, same run — which is the
point: the instrument was never a regression tool; it is a boundary
finder over any property a shot can test, and the operator that
internalizes the general form reaches for it in half the
investigations where the specific form never came to mind.

When the hunt is the wrong hunt

Three shapes of trouble wear a regression's face and defeat bisection from
outside it, and the operator's protocol names them before probes are
spent. The world moved: if the breakage came from data, environment, or a
dependency beyond the tree, every commit will test bad and the hunt
degenerates — which is why the calibration run at the good endpoint is
the hunt's true first probe: a known-good commit that now fails convicts
the world, not the history, and redirects the investigation to volume
one's territory (what changed on the machine) and volume two's (what the
estate recorded changing). Two culprits interacted: bisection finds a
boundary — the first commit where the predicate flips — and when the
symptom needs two changes to manifest, that boundary names only the
later accomplice; a verdict that survives the four-question read but
cannot explain the mechanism is the cue to re-frame (bisect again with
the convicted change held applied, hunting its partner). And the bug that
was always there: a hunt that cannot find a good endpoint because none
exists is not a regression hunt at all — "since forever" is a different
genre of investigation, and recognizing it after two widenings of the
frame, rather than after twenty, is the probe budget's cheapest saving.
All three are volume one's oldest lesson in new clothes: the instrument
is sound; the question must still be the right question.

Hunts that outlive their sessions

A long hunt — the twenty-minute build times fourteen probes — will not
fit one session, and the instrument was built for exactly this reader
without knowing it: git bisect log emits the session's every assertion
as a replayable script, and git bisect replay reconstructs the hunt
from it — the interrupted bisection resumed by a successor that shares
nothing with its predecessor but the file. The session-bound protocol
writes itself from the parts: each probe's verdict is appended to the
saved log (an artifact in volume two's index, beside the predicate
script itself — the two files that are the hunt's state); the session
that runs out of budget ledgers the hunt as an open intent with the
log's path; and the successor's briefing surfaces it, replays, and
continues from probe eight as though the lineage had never blinked.
The same artifacts serve the fleet horizontally: a hunt's log and
predicate posted to the proposal thread let a colleague — human or
machine — replay the identical hunt to verify the conviction (chapter
7's two-point calibration, socialized), which converts "my bisection
says" from testimony into the reproducible claim this series requires
evidence to be. Nothing here is new machinery; it is the trilogy's
resumability doctrine — legible stages, durable state, briefings that
surface unfinished business — discovering that git had already built
its half.

The control experiment, and working at the scene

Two post-verdict practices convert the conviction from probable to
proven and the fix from disruptive to parallel. The control: before
building anything on the verdict, run the predicate at the guilty
commit's parent — the one probe bisection's own economy usually
already spent, verified now deliberately — because "bad here, good one
step before" is the conviction's controlled experiment, and a parent
that also fails means the frame or predicate lied somewhere and the
verdict is an artifact (the inverted-predicate hazard, catchable one
last time for the price of one probe). The scene of the crime then
becomes a workplace without disturbing anything: chapter 5's worktrees
open the guilty commit and its parent side by side (worktree add
../guilty <hash>, detached — chapter 1's protocol for detached work
applies), where the diff between them is read at chapter 3's
resolutions, the failing behavior is reproduced live in one tree and
its absence confirmed in the other, and the fix is developed against
the modern branch in a third tree while both evidence trees stand —
diagnosis, evidence, and remedy proceeding in parallel with no
checkout thrash and no risk to anyone's working state. The pattern is
the trilogy's instruments composing exactly as designed: the hunt
found the moment, the worktrees hold the moment open for inspection,
and the ledger receives the case — which is where every hunt in this
chapter has been heading.

After the verdict

Bisect ends where accountability begins, and the aftermath is assembled
from disciplines already on the shelf. The guilty entry gets chapter 2's
four-question read — claim against evidence, shape, provenance, absence
— because "which commit" was never the real question; which change,
wanted by whom, for what reason is, and a well-shaped ledger answers in
one read while a monolith (chapter 2's warning, now at collection time)
answers only after intra-commit archaeology. The remedy decision — fix
forward or revert — belongs to chapter 6's reversibility treatment, with
the register's default inherited from volume one's ladder: the revert,
being the reversible move, buys time under incident pressure that
fix-forward gambles. And the whole case — frame, predicate, probes,
verdict, remedy — lands in the estate as one operation: the bisect log
as artifact, the guilty hash in the outcome column, the journal entry
written for the future searcher who will someday hunt something similar
(volume two's promotion discipline; a lineage's second bisection of the
same subsystem should start from its first). Diagnosis, in this
register, is not an art the operator performs. It is a predicate the
operator writes, a frame the operator asserts honestly, and a machine
that does the rest — which frees the operator's judgment for the two
places no machine reaches: whether the predicate tests the truth, and
what to do about the commit it convicts.
Chapter 5 — Parallel Operators

Draft status: author draft; human verification pending. Outputs are real
transcripts; the parallel work in the listings is performed by genuinely
separate working trees on one shared store.

Two minds, one project

Volume two's fifth chapter asked what happens when two operators share one
estate file, and the engine answered with locks and queues. This chapter asks
the version-control edition — a supervisor dispatches two agents against one
project, or a timer's maintenance session wakes while an interactive session
works — and the answer git's design wants is subtly different from the one
operators reach for untaught. The untaught reflexes are both wrong in
instructive ways. Sharing a working tree — two sessions editing one
checkout — recreates the lost-update chaos of volume two's midden: staged
files interleave, one session's checkout yanks the branch out from under the
other, and status reports a fiction assembled from both minds. Cloning per
session — a fresh full copy in every scratch directory — is safe and pays
for safety twice over: the whole object store duplicated per operator, and
the operators' work stranded in separate repositories whose exchange now
requires a network hop or path-remote gymnastics. The instrument built for
exactly this shape sits between: git worktree gives each operator its own
working tree and its own checked-out branch, all backed by one shared
object store — chapter 1's content-addressed ledger, which never needed
duplicating because it is append-only and hash-addressed, the two properties
that make sharing safe.

mkdir project && cd project
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo base > shared.conf; git add -A; git commit -qm "base config"
git worktree add -q -b task-retries ../op-a
git worktree add -q -b task-logging ../op-b
( cd ../op-a && sed -i "s/base/retries: 8/" shared.conf && git commit -qam "raise retries" )
( cd ../op-b && echo "log_level: debug" >> shared.conf && git commit -qam "enable debug logging" )
git worktree list
echo "--- one object store, three histories:"
git log --all --oneline


/tmp/oailly-gate-6e95k55z/project 0fcb782 [main]
/tmp/oailly-gate-6e95k55z/op-a    0765a35 [task-retries]
/tmp/oailly-gate-6e95k55z/op-b    f626d3b [task-logging]
--- one object store, three histories:
0fcb782 base config
f626d3b enable debug logging
0765a35 raise retries


Both parallel operators edited the same file — the classic collision — and
nothing collided, because each holds its own tree and its own branch; the
divergence is not an accident to prevent but the recorded, mergeable state
of two minds mid-work, visible whole from any of the three trees (--all
reaches every branch through the shared store). The supervisor's dispatch
pattern falls straight out: one repository, one worktree per concurrent
task, each session told its directory and its branch — and volume one's
scratch discipline supplies the frame it slots into, with worktree add
replacing mktemp -d for exactly the work that must survive and merge.

The economics of the shared store

What the worktree costs is worth one honest measurement, because the
per-session-clone reflex survives on vague fears of sharing:

mkdir project && cd project
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo x > f; git add -A; git commit -qm base
git worktree add -q -b t ../wt
echo "main tree git dir:     $(git rev-parse --git-dir)"
echo "worktree git-common:   $(git -C ../wt rev-parse --git-common-dir)"
echo "worktree size: $(du -s ../wt | cut -f1) KB   full clone would carry the whole store"
git worktree remove ../wt && echo "removed cleanly"


main tree git dir:     .git
worktree git-common:   /tmp/oailly-gate-97nb2bh5/project/.git
worktree size: 8 KB   full clone would carry the whole store
removed cleanly


Eight kilobytes: the checked-out file plus pointers, with rev-parse
--git-common-dir showing where the actual store lives — back in the primary
repository, shared. On a real project the arithmetic is decisive: a
repository whose store runs to a gigabyte spawns worktrees at the cost of
the checkout alone, and every object any operator commits is instantly
reachable from every other tree without fetch, push, or copy — the exchange
problem the per-session clone created, dissolved. The store-level operations
consolidate the same way: one fetch refreshes every worktree's view of the
remotes, one maintenance pass (gc, repack) serves all, and volume two's
instincts about splitting high-rate state from shared state find nothing to
split — the store's append-only design already made concurrent object
writes safe, which is why git needed no WAL chapter.

Precision about what is not shared completes the model, because the
division is exactly the working-state boundary this chapter opened on.
Each worktree privately owns its HEAD (which branch it stands on), its
index (chapter 2's staging transaction — two seats can stage
simultaneously without interleaving), and its tree-local metadata; the
store shares objects, branches, tags, remotes, and configuration. The
consequence operators should hold: anything committed anywhere is
instantly everyone's; anything staged-or-working is one seat's private
draft until it commits — the exact draft/publication line chapter 2 drew
inside one operator, now drawn between them, by the tool's own
architecture.

The safety rule the sharing does impose is the single-writer truth in new
clothing, enforced by the tool itself:

mkdir project && cd project
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo x > f; git add -A; git commit -qm base
git worktree add -q -b task ../wt-one
git worktree add ../wt-two task 2>&1 | head -2


Preparing worktree (checking out 'task')
fatal: 'task' is already used by worktree at '/tmp/oailly-gate-z7udmi5d/wt-one'


One branch, one working tree — the refusal is git protecting the branch
ref from the two-minds-one-checkout chaos this chapter opened with, and
its reading follows volume two's BUSY discipline: this is coordination
working, not breaking. The operator's responses, in order of likelihood:
the second session wanted its own branch anyway (dispatch discipline —
one task, one branch — below); it wanted to read that branch, which
needs no checkout at all (git -C anywhere show task:file, log task —
chapter 3's queries run against any ref from any tree); or it genuinely
found a stale claim — a dead session's worktree still registered — which
is the inheritance problem, and the lifecycle section closes it.

Branch hygiene for machine fleets

Parallelism multiplies branches, and branches named by machines rot into
namespace landfill faster than humans manage — fix, fix2, temp,
agent-output-final — unless naming is treated as what it is in this
series: provenance. The register's convention makes the branch name a
ledger header: lineage/task-slug, with the task slug stable enough to
join against volume two's registry (session-94/raise-retry-budget), so
that branch --format listings read as a work registry and any branch's
owner, purpose, and age are one query. The dispatch rule that keeps the
namespace meaningful: one task, one branch, born at dispatch, dead at
integration — branches are workspaces, not archives; the ledger is
the archive (chapter 1's boundary, applied to refs). And the aging rule
mirrors volume two's cursor staleness: a standing query for branches
whose last commit predates a threshold (for-each-ref --sort=committerdate
--format with a date cut) feeds the graveyard review — merged branches
deleted on integration by the workflow itself, unmerged stale ones
triaged with chapter 3's reading tools (what does it hold that main
lacks?) and either salvaged into the ledger or closed with a recorded
reason, volume one's quarantine discipline for the one kind of state
that never needed a graveyard directory, because deletion of a merged
branch deletes nothing the store does not keep.

The synchronization cadence

Divergence economics got their numbers in the fleet briefing; the policy
they argue for deserves its own statement, because fleets fail here by
default rather than by decision. A task branch drifts from main at
main's velocity, and the cost of reconciling grows superlinearly — the
conflicts compound, and worse, they arrive at integration time, when
the work is done, the context is cold, and chapter 8's reviewer is
waiting. The cadence rule inverts the arrival: task branches synchronize
with main early and often — each session's open ritual includes the
fetch and the drift counts, and a branch more than a briefing-threshold
behind merges main in (or rebases onto it, per chapter 6's boundary:
rebase while private, merge once shared) before new work, so conflicts
surface one day's worth at a time, in warm context, resolved by the
mind that just created half of them. For stacked work, modern git
removes the classic tax: rebase --update-refs carries a whole stack
of dependent branches through one rebase, re-pointing each as its base
moves — the instrument that makes chapter 8's stacked proposals
practical for machine fleets rather than heroic. The judgment call the
cadence rule leaves open is deliberate: a branch hours from integration
may reasonably freeze and reconcile once at the end rather than chase a
busy main commit by commit — cadence is drift management, not drift
phobia, and the briefing counts exist exactly so the choice is made
looking at numbers instead of made by forgetting.

The stash, read suspiciously

One instrument adjacent to this chapter earns a caution rather than a
recommendation. git stash shelves uncommitted changes into an anonymous
holding stack — the interactive human's "hold my drink" for a quick branch
switch — and everything that makes it convenient for humans makes it
hazardous for fleets. Stashes are unattached to any branch, unnamed by
default, invisible to every chapter 3 query that reads branches, and owned
by nobody the registry can name: state parked outside the ledger, which is
this series' definition of a midden. The register's substitute is already
on the shelf: the WIP commit on the task branch (chapter 2's checkpoint
pattern) parks the same state inside provenance — attached, attributed,
recoverable by the branch's name, cleaned by the same reshaping pass that
was coming anyway. The operator therefore writes stashes rarely (a
worktree per task removes the branch-switching motive entirely), and reads
inherited ones with the unfinished-business protocol: stash list
--format='%gd %ci %gs' inventories the stack with dates and origin
branches, stash show -p stash@{n} reads each as evidence, and each is
either salvaged into a commit on its proper branch or discarded with a
recorded reason. A repository whose stash stack is deep and old is telling
the briefing something about its operators' discipline — and volume two's
staleness pricing applies to every entry in it.

The fleet and its remotes

Worktrees share one store, and the store's view of the outside world —
its remotes — is therefore fleet-wide state with fleet-wide discipline.
Fetching benefits first: one fetch (scheduled, volume one's timer
patterns) refreshes origin/* for every worktree at once, and the
register's operators fetch before framing any decision that depends on
the remote's state — a bisect frame, a merge, a review — because a stale
remote view is volume two's meaning-rot in its most actionable form: the
question "am I behind?" (rev-list --count HEAD..origin/main, chapter
3's arithmetic) is only as fresh as the last fetch, and the counts
belong in the session briefing. Pushing is per-branch and carries the
dispatch discipline outward: first push sets tracking (push -u origin
session-94/raise-retry-budget), after which status and the counts speak
the branch's divergence natively; and every push is preceded by the
behind-check, because pushing into a branch that moved produces the
non-fast-forward refusal — a coordination signal whose correct and
incorrect readings differ so consequentially that the next chapter
spends a section on it. What no fleet member does is push shared
integration branches as a side effect of its task: task branches are the
operators' to publish; main moves through the integration ceremony of
chapter 8, one authority at a time — the same one-writer-per-truth
instinct the worktree refusal enforced locally, applied at the remote.

Composing repositories, avoided knowingly

Fleets eventually ask how repositories themselves compose — the shared
library, the vendored dependency, the platform repo the product repos
lean on — and the built-in answer, submodules, earns this book's most
explicit advisory: understand it, and reach for it last. A submodule
pins another repository at a hash inside a parent tree, which is
exactly right as a concept (content-addressed composition, chapter 1
approving) and operationally hostile to unattended work in practice:
clones arrive incomplete until a second command runs, status in the
parent goes ambiguous about child state, every briefing and gate in
this book needs submodule-aware variants, and the classic accident — a
parent commit pinning a child hash that exists only on some machine —
is a broken build with no local evidence, the calm face at
architecture scale. The register's preference order for the same
needs: a real dependency gets a release artifact and a lockfile (the
ecosystem's package manager is the instrument built for pinning);
code that must live in-tree gets vendored as content (a plain copy,
committed, with its origin and version in the ledger entry — chapter
2's provenance carrying what submodule metadata would have), or
subtree-merged where history import matters; and only the case that
truly needs live dual-repo development — rare, and staffed by seats
that will maintain the discipline — earns submodules, wired into the
open ritual (clone --recurse-submodules, update policy explicit) so
the sharp edges are at least institutional rather than per-seat
surprises. Composition is real; the advisory is only that the default
instrument for it should be the one whose failure modes the fleet's
existing disciplines already cover.

Constrained seats: sparse and shallow

Two reduced forms of the working arrangement serve the fleet's edge
cases, and both are volume one's least-privilege instinct wearing git's
clothes. Sparse checkout scopes a worktree to a subtree
(sparse-checkout set services/billing after worktree add): the
operator dispatched against one component sees only that component,
which shrinks its blast radius (a pathspec mistake cannot stage what the
tree does not materialize), its noise floor (status and diff speak only
in-scope), and — for the enormous monorepos where this matters most —
its checkout cost. The seat still holds full history through the shared
store; only the visible working surface narrows, which is precisely
the shape a scoped task wants. Shallow clones (clone --depth=1)
narrow the other axis — history instead of surface — and belong to a
different niche: the read-only consumer (a CI-style build, a one-shot
analysis) that needs today's tree and no ledger. The register uses them
knowingly for that niche and refuses them everywhere this book's
techniques live, because a shallow store amputates exactly what the
techniques consume: chapter 3's archaeology stops at the horizon,
chapter 4's bisection cannot frame, and chapter 1's inheritance briefing
reads a history one commit deep. The rule of thumb the two forms share:
constrain the surface freely (sparse seats compose with everything),
constrain the ledger only for seats that will never ask it questions
— and when in doubt about which seat a task needs, the full worktree's
eight kilobytes were never the thing to economize.

Rejoining: the merge as integration entry

Parallel work exists to converge, and the convergence primitive deserves
its plain demonstration before chapter 8 builds ceremony on it:

mkdir project && cd project
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo base > shared.conf; git add -A; git commit -qm "base config"
git worktree add -q -b task-a ../ra; git worktree add -q -b task-b ../rb
( cd ../ra && echo "retries: 8" > retries.conf && git add -A && git commit -qm "retries policy" )
( cd ../rb && echo "level: debug" > logging.conf && git add -A && git commit -qm "logging policy" )
git merge -q --no-edit task-a && git merge -q --no-edit task-b
ls *.conf; git log --oneline | head -4


logging.conf
retries.conf
shared.conf
48b47e9 Merge branch 'task-b'
3c8b45c retries policy
e9dcb23 logging policy
0fcb782 base config


Two operators' work, integrated sequentially into main, both files
present, the merge itself an entry in the ledger (the second merge
recorded as such; the first fast-forwarded silently — the two integration
shapes chapter 8 weighs). What this chapter takes from the demo is the
register's framing of conflict, because conflict is where parallel
work's bill arrives. A merge conflict is not an error; it is the tool
reporting that two minds changed the same lines and no algorithm can rank
their intentions — a finding, in volume one's vocabulary, demanding
judgment. The non-interactive protocol: attempt the merge with the
combined diff already read (diff main...task-a, chapter 3's three-dot
review form — an operator that reads before merging predicts most
conflicts before creating them); on conflict, read the markers as
evidence (diff shows both sides annotated; checkout --conflict=diff3
adds the ancestor, and the three-way view is the whole story); resolve
by decision, not deletion — the resolution is a judgment about intent
that belongs in the merge commit's message (chapter 2: the body answers
why); and when the judgment exceeds the operator's authority — two
plausible intentions, no basis to rank them — the honest move is volume
one's escalation discipline: stop, record the conflict as a finding, and
hand the decision to the supervisor rather than guessing silently. The
worst resolution in the register is the quiet one: checkout --ours as
a reflex is deleting a colleague's intention without a hearing, and the
ledger will remember only that the merge "succeeded."

One conflict amenity deserves the fleet's attention because it converts
judgment already spent into judgment reused: rerere ("reuse recorded
resolution", enabled once per store) records each conflict's shape and
its resolution, and replays the resolution automatically the next time
the same conflict appears — which in fleet practice is constantly, since
a long-lived task branch merging a moving main re-meets its own
conflicts on every synchronization. The register adds one caution to the
convenience: a replayed resolution is a judgment applied without a fresh
hearing, so sessions note when rerere fired (its output says so) and the
first resolution's reasoning still lands in that integration entry's
message — the replay then inherits a recorded why, rather than becoming
automation of an undocumented decision, which no volume of this series
has been willing to bless.

The reviewer's seat

One worktree pattern serves chapter 8 directly enough to install here:
review happens in its own tree. The reviewing operator — machine or
human-driven — adds a worktree at the proposal's branch
(worktree add ../review-212 origin/session-95/harden-retries,
detached or tracking), and the entire review toolkit runs there
without touching any working seat: the diff read at chapter 3's
resolutions, the build and tests run live (review that executes is
worth two reviews that squint), the suspicious behavior probed with
volume one's instruments — while the reviewer's own task, in its own
tree, stays exactly as it was. The economics repeat the chapter's
opening: the alternative reflexes are stashing or committing half-done
work to switch branches (state churn in the reviewer's seat, the exact
cost worktrees exist to delete) or reviewing from the diff alone
(fine for prose, thin for behavior). And the lifecycle rules apply
unchanged — the review tree is removed when the verdict posts, or
ledgered as open business if the review spans sessions — so worktree
list keeps telling the fleet's whole truth: every open review visible
beside every open task, each a named seat with an owner and an age,
which is what a fleet's work-in-flight was always supposed to look
like.

The fleet briefing

The chapter's instruments compose into the supervisor's standing view —
the parallel-work edition of the briefings volumes one and two
institutionalized — and writing it out fixes the queries as a set. Seats:
worktree list --porcelain (the machine format, one stanza per tree)
answers what is checked out where, joined against liveness the way volume
two joined registry rows against processes — a worktree whose branch has
not moved in days and whose session the registry shows ended is inherited
unfinished business, triaged by the lifecycle protocol below. Work:
for-each-ref refs/heads --sort=-committerdate --format='%(refname:short)
%(committerdate:iso) %(subject)' is the task registry — every branch,
its owner-by-naming-convention, its freshness, its last claim — with the
staleness threshold marking candidates for the graveyard review.
Parked state: the stash inventory from the suspicious-reading section,
ideally empty. Divergence: the ahead/behind counts against origin for
main and for every active task branch — the numbers that say which work
is ready to integrate, which is drifting from a moving main (the earlier
a task branch merges main's progress, the smaller chapter 8's conflicts
— a fetch-and-count line in each session's own briefing makes the drift
visible daily), and whether anyone is sitting on unpushed work the fleet
cannot see. Six queries, one transcript page, and the answer to the
question every supervisor of parallel machines actually has — what is
in flight, how stale, and what needs a decision — read from the
repository itself rather than from the operators' self-reports. The
fleet briefing is also where this chapter's disciplines become
observable: seats named by convention, no anonymous stashes, no
immortal branches, divergence counted daily. A fleet whose briefing is
boring is a fleet whose habits are working — and a briefing that suddenly
grew interesting names, by line, which habit slipped and which seat
slipped it, which is all a supervisor ever needed monitoring to do.

Lifecycle: worktrees end like sessions

Worktrees are session-shaped, and everything this series knows about
session ends applies. The clean end is worktree remove (shown above)
plus the branch's integration-or-triage — the workspace gone, the work
merged or accounted for. The unclean end — a session dies holding a
worktree — leaves the registration behind, and the successor meets it
exactly as volume two taught: worktree list is the run registry
(every tree, its branch, its staleness), a dead session's tree is
inspected before disposal (uncommitted changes in it are the dead
session's unfinished stage — read, salvage into a commit on its task
branch, or record the discard), and worktree prune clears
registrations whose directories are already gone. The estate closes the
loop: a dispatch pattern that records worktree births and deaths in the
registry gives the fleet's supervisor one query for "what is checked
out where, by whom, since when" — which is this chapter's whole subject,
reduced to the standing question it always was. Parallel operators,
then: one store because the ledger shares safely, one tree and one
branch per mind because working state does not, names that carry
provenance, merges that record judgment, and endings — clean or
inherited — that leave the fleet's workspace as legible as any single
operator's. What parallelism has not yet touched is the ledger's own
integrity across all these hands, and that is the next chapter's
covenant.
Chapter 6 — History Is Append-Only (For You)

Draft status: author draft; human verification pending. Outputs are real
transcripts; the push rejection in the two-operator listing is a genuine
refusal between real repositories.

The covenant

Chapter 1 proved the store cannot be silently rewritten — content is
identity, history is a hash chain — and immediately named the soft spot: the
names pointing into the store move freely, and moving a shared name
backward or sideways is how git's strongest guarantee gets converted into
its worst accident. This chapter is the covenant that guards the soft spot,
and its statement is one sentence with two clauses: published history is
append-only; private history is yours to reshape until the moment it is
published. The second clause was chapter 2's repair window. The first is
this chapter, and for the register's operators it carries the force of
volume two's append-and-complete rule with higher stakes, because the
ledger being protected is not one lineage's estate but every colleague's
foundation. A force-push that rewrites a shared branch does not merely
lose work; it forges the record — commits colleagues hold, cite, and
build on cease to be part of the official past — and it does so with the
authority of the shared remote, which is why fleets configure the
capability away (protected branches, receive.denyNonFastForwards) rather
than trusting each operator's restraint. The register's posture: the
operator never force-pushes shared branches, treats the ability to do so
as a configuration bug to report, and reserves --force-with-lease — the
guarded form that refuses if the remote moved since last look — for the
one legitimate venue: its own unmerged task branch after a sanctioned
reshaping pass, where the only history rewritten is history nobody else
has built on.

The public undo

The covenant would be unbearable without a compliant undo, and the ledger
has always had one — the entry that records the reversal of an earlier
entry:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
printf "retries = 3\n" > app.conf; git add -A; git commit -qm "baseline"
printf "retries = 9000\n" > app.conf; git commit -qam "raise retries aggressively"
git revert --no-edit HEAD >/dev/null
cat app.conf
git log --oneline


retries = 3
69b2794 Revert "raise retries aggressively"
2298e6a raise retries aggressively
b088612 baseline


The file is back to baseline and the history holds three entries: the
mistake, standing; the reversal, explicit; the ledger, intact. Volume one's
reversibility ladder put "the undo that carries its own record" on the top
rung, and revert is exactly that — the anti-commit computed and applied
as a new commit, safe on published history because it appends. The
register's operational notes: revert the newest first when unwinding a
sequence (reverts apply cleanly in reverse order); reverting a merge needs
-m 1 to name which parent's line survives, and un-reverting a reverted
merge holds enough subtlety that the operator reads the documentation's
own essay before attempting it; and the revert's message — auto-generated
naming the target — earns a body stating why the reversal, because
"Revert X" answers what while the incident that demanded it answers why,
and chapter 2's message discipline does not pause for emergencies. Under
incident pressure the decision tree is short: revert now (reversible,
auditable, fast — the register's default), fix forward only when the
revert itself would break consumers who adapted, and either way the
estate's ledger records the operation with the commit hashes as evidence.

The black box recorder

Private history's freedom needs a safety net, because "yours to reshape"
includes "yours to destroy by accident" — the mistaken reset --hard, the
amend that vaporized a version, the branch deleted with work aboard. The
net is the reflog: a per-repository, private journal of every place each
ref has pointed, written automatically, consulted almost never until the
day it is the only thing that matters:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo keep > a.txt; git add -A; git commit -qm "work worth keeping"
echo alsokeep > b.txt; git add -A; git commit -qm "later work, about to be lost"
git reset -q --hard HEAD~1
echo "after the mistaken reset: $(git log --oneline | wc -l) commit(s); b.txt exists: $([ -e b.txt ] && echo yes || echo no)"
git reflog --format="%h %gs" | head -3
git reset -q --hard HEAD@{1}
echo "after recovery:           $(git log --oneline | wc -l) commit(s); b.txt exists: $([ -e b.txt ] && echo yes || echo no)"


after the mistaken reset: 1 commit(s); b.txt exists: no
d0b519e reset: moving to HEAD~1
ab02515 commit: later work, about to be lost
d0b519e commit (initial): work worth keeping
after recovery:           2 commit(s); b.txt exists: yes


The "lost" commit was never lost — chapter 1's amend demonstration
already showed that rewriting abandons rather than destroys — and the
reflog is the index of the abandoned: every entry a former position, with
the operation that moved it (reset: moving to…, commit:, the
narrative of the repository's recent life), addressable by the HEAD@{n}
syntax the recovery uses. The register's facts to hold: the reflog is
local and private (it does not push, it does not clone — a fresh clone
starts an empty one, which is one more reason inherited repositories get
briefings, not assumptions); it expires (defaults measured in weeks — a
recovery deferred is a recovery forfeited); and it covers ref
movements, so work that was never committed was never in its
jurisdiction — the register's oldest rule, commit at observable stages,
is also the rule that keeps everything inside the recorder's reach. For
the operator, the reflog converts the scariest moments of repository
life into volume one's calm protocol: stop, read the recorder
(reflog with a format, bounded), identify the last good position, move
back with intent, and record in the session ledger what was recovered
and how it was endangered.

The horizon: how long abandoned means recoverable

The recorder's expiry deserves its own honest accounting, because "nothing
is ever really lost" is folklore with a clock on it. Abandoned objects —
the amended-away commits, the reset-away work — persist in the store as
unreachable objects until garbage collection actually removes them, and
gc's own rules keep them well past the reflog entries that name them:
reflog entries expire (order of ninety days for reachable history, thirty
for the unreachable, tunable), and unreachable objects get a grace period
beyond that before pruning. The operational reading has two halves. For
recovery: inside the horizon, everything this chapter promised holds, and
even a deleted branch — whose own reflog dies with it — remains
recoverable through HEAD's reflog (which recorded every checkout and
commit on it) or, past the reflogs entirely, through fsck --lost-found,
the deep sweep that inventories every unreachable commit in the store and
parks them for inspection: slower, nameless, but exhaustive — the
recovery ladder's last rung before "restore from a colleague's clone."
For hygiene: the horizon means private mistakes genuinely do fade — the
repository does not archive every keystroke forever, which is by design
and fine — so anything worth guaranteed survival gets the only
guarantee the system offers: reachability. A ref pointing at it — a
branch, a tag, volume two's estate holding the hash of an artifact
commit — exempts an object from every expiry. The rule compresses to
one register sentence: the recorder buys you weeks; the ledger buys you
forever; know which one you are trusting before you need either. And the
session-bound corollary, since this reader's weeks pass without
continuity of memory: a recovery deferred to a future session is a
recovery delegated to the estate — the endangered hash goes into the
ledger now, this session, with the reason, or the future session that
finally has time will have a recorder with nothing left to say.

The lease, precisely

Because --force-with-lease is this chapter's one sanctioned crossing of
a published boundary, its mechanics deserve the precision the register
gives every dangerous instrument. The lease is compare-and-swap — volume
two's optimistic concurrency, applied to a ref: "move origin/task to my
new history only if it still points where I last saw it." Plain
--force is the unconditional write, and the difference is exactly the
lost-update demonstration from volume two's opening chapter: between an
operator's last fetch and its forced push, a colleague (or a CI bot, or
yesterday's own forgotten session) may have pushed to the task branch,
and the unconditional force erases that work without ever learning it
existed, while the lease refuses and reports. The caveat that keeps the
lease honest is its reference point: bare --force-with-lease compares
against the local remote-tracking ref — your last fetch's knowledge —
so a fetch that happened moments before the push makes the lease
current, while a stale tracking ref makes the lease a guarantee about
last Tuesday. The ritual, therefore: fetch, verify the branch state is
the one your reshaping consumed (the counts, chapter 3), then push with
the lease, in one composed sequence — and if even that window feels
wide, the explicit form (--force-with-lease=task:<sha>) pins the
expectation to an exact hash, closing it entirely. An operator that
force-pushes its own task branch through that ritual has rewritten
nothing anyone held; an operator that skips the fetch has a lease
against its own ignorance — validity theater, in volume one's phrase,
and the reason the ritual is stated here rather than left to be derived.

Knowing which side of the boundary you stand on

The covenant's two clauses meet at a question every reshaping session
must answer first: is this history published? — and the register
answers it with queries, not memory, because memory is what
session-bound operators do not have. The containment checks:
branch -r --contains HEAD names every remote branch that already
holds the commit about to be reshaped (any answer at all means the
boundary is behind you); rev-list --count @{upstream}..HEAD counts
the commits that exist only locally — the reshapeable surplus — while
its inverse counts what the remote holds that you lack; and for the
subtler case of shared-but-unmerged (a colleague fetched your task
branch even though no integration happened), the fleet's convention
carries what no query can — which is why chapter 5's dispatch
discipline treats task branches as single-owner by naming, making "who
else might hold this?" answerable from the branch name itself. The
pre-reshape ritual assembles in three lines: fetch (fresh knowledge),
containment check (which side of the boundary), count check (what
exactly is in scope) — and only then the autosquash pass, whose scope
the counts just defined. The habit's cost is seconds; what it prevents
is the covenant's only innocent violation mode — the operator that
rewrote published history believing it private, whose sincerity will
comfort nobody rebuilding on Monday.

The refusal that saves the fleet

The covenant's enforcement at the remote is a refusal every operator
meets weekly, and its correct reading is the difference between fleets
that converge and fleets that clobber. Two real operators, one real
shared remote:

mkdir work && cd work
git init -q --bare -b main origin.git
git clone -q origin.git op-a 2>/dev/null && ( cd op-a && git config user.email a@example.invalid && git config user.name op-a && echo base > f && git add -A && git commit -qm base && git push -q origin main 2>/dev/null && git branch -qu origin/main )
git clone -q origin.git op-b 2>/dev/null
( cd op-a && echo "colleague progress" >> f && git commit -qam "advance the work" && git push -q 2>/dev/null )
( cd op-b && git config user.email b@example.invalid && git config user.name op-b && echo "stale change" > g && git add -A && git commit -qm "work from a stale view" && git push origin main 2>&1 | grep -E "rejected|fast-forward" | head -2 )
( cd op-b && git fetch -q && git merge -q --no-edit origin/main && git push -q origin main 2>/dev/null && echo "after fetch and merge: push accepted" )
git -C origin.git log --oneline main | head -4


 ! [rejected]        main -> main (fetch first)
hint: Updates were rejected because the remote contains work that you do not
after fetch and merge: push accepted
252aa35 Merge remote-tracking branch 'origin/main'
b0b0056 work from a stale view
9a536b6 advance the work
67d744e base


Operator B pushed from a stale view; the remote refused — "the remote
contains work that you do not" — and the resolution was never force but
integration: fetch the colleague's progress, merge it (chapter 5's
protocol, judgment and all), push the union. The final log holds
everything: A's advance, B's work, and the merge that joined them —
against the alternative timeline where --force "fixed" the rejection
by erasing A's commit from the shared record. The non-fast-forward
refusal is the exact analog of volume two's BUSY: coordination working,
addressed to you, meaning someone else did legitimate work; reconcile
before publishing. Its diagnostic reading follows the same taxonomy —
routine when the fleet is active (fetch, integrate, retry); suspicious
only when it contradicts the topology (a refusal on a branch only you
own means another seat is writing where it should not — a finding for
the fleet briefing, not a bigger hammer). And the recovery story when
someone has forced a shared branch completes the chapter's arc: the
distributed design means every clone that held the erased commits still
holds them — chapter 1's full-replica inheritance as the fleet's
collective reflog — so the response is volume one's incident protocol
(stop, inventory who holds what, re-push the erased work, then fix the
configuration that allowed the erasure), and the uncomfortable
truth-telling afterward belongs in the record, because a forged ledger
quietly repaired is a ledger nobody should trust twice.

The unprotected zone

This chapter's safety nets share one prerequisite that must be said in
warning type: they catch committed work. The reflog records ref
movements; the store holds objects; and uncommitted changes are neither
— which makes the small family of commands that overwrite the working
tree the only genuinely unrecoverable destroyers in daily git, and the
place volume one's blast-radius doctrine applies at full strength.
restore <file> (and its ancestor spelling checkout -- <file>)
replaces the working copy with the committed version — correct when
discarding is the intent, fatal when the working copy was the only
home of an hour's work; reset --hard does it tree-wide; clean
deletes untracked files that no git mechanism has ever seen. The
register's handling is exactly its handling of rm: proof-of-intent
before dispatch (the diff of what is about to be discarded, read —
discarding unread changes is deleting a file unlisted), clean -n
always rehearsed before clean -f (the dry-run exists; volume one's
doctrine requires it), and the structural cure outranking all
vigilance: chapter 2's commit cadence keeps the unprotected zone
minutes wide, because work that commits at observable stages has, at
any instant, almost nothing standing outside the nets. The zone
cannot be closed — a working tree is by design the one place git lets
state exist without history — but a fleet whose habits keep it narrow
has converted this warning from a hazard into a footnote, which is
where every hazard in this series is sent to live.

Tombstones for finished work

Chapter 5's lifecycle deletes integrated branches, and the covenant adds
the pattern for the exceptions — work a fleet wants findable forever
without keeping branch namespace cluttered: the archive tag. A branch
whose story matters after death (the abandoned approach whose reasoning
future sessions will want, the release line no longer maintained, the
experiment that answered its question negatively) gets an annotated tag
under a reserved namespace — archive/session-95-linear-retry, message
stating why it ended (volume two's reason column, once more) — and then
the branch itself dies on schedule. The mechanics lean on facts already
established: the tag holds the commits reachable forever (the horizon
section's only guarantee), annotated tags carry their own provenance,
and the namespace keeps branch listings clean while tag -l
'archive/*' remains one query — the graveyard with an index, which is
precisely what volume one's quarantine pattern prescribed for state too
meaningful to delete and too dead to keep underfoot. The reading side
completes it: chapter 3's briefing treats a rich archive namespace as
signal (this fleet finishes its stories), and the searcher who wonders
"was linear retry ever tried?" finds the tombstone, its reason, and the
full branch behind it — institutional memory of the negative result,
which every research tradition knows is the memory most often lost and
most expensive to lose.

The copy that is not a move

One instrument lives so near the covenant's edge that operators misuse
it in both directions: cherry-pick, which applies an existing commit's
change elsewhere as a new commit — same diff, same message by
default, different parent, therefore (chapter 1's arithmetic) a
different hash. Misreading one: treating the pick as a move — the
original still stands, and a fleet that picks a fix to a release branch
while believing it relocated has two copies whose divergence nobody
owns. Misreading two: panic at the duplicate — the same change under
two hashes looks like history confusion until the mechanics are held.
In practice the eventual merge usually resolves quietly, because both
sides carry identical content and content-level merging has nothing
to fight over; and where duplicates must be reasoned about before
that, the patch-identity instruments exist for the purpose — rebase
skips already-applied duplicates by patch-id, and log --cherry-mark
annotates a range's commits as equivalent-or-not across branches —
though the graph reads strangely to chapter 3's queries in the
interim. The register's rules
make the instrument boring, which is the goal. Cherry-pick records
its lineage: -x appends the (cherry picked from commit …) line,
turning the copy into a citation — provenance across branches, the
trailer discipline's cousin, and non-negotiable for backports, where
the whole point is that a future reader can join the release branch's
fix to its mainline original. Its legitimate genres are few and named:
the backport to a maintenance branch (the canonical case), the
hotfix promoted ahead of its branch's integration, the salvage of one
good entry from an abandoned branch (chapter 5's triage). And its
anti-genre is the one the covenant exists to prevent at scale:
pick-based workflows that copy work between long-lived branches
instead of merging it, manufacturing parallel histories of the same
truths whose reconciliation is everyone's eventual unpaid debt. Copy
with citation, for the named genres, and let integration integrate —
the pick is a scalpel, and fleets that use it as a conveyor rediscover
why the merge exists.

History operations are ledger operations

Everything this chapter does to the shared ledger belongs in the
private one, and the join closes the trilogy's bookkeeping. A revert, a
sanctioned reshape, a reflog recovery, a non-fast-forward reconciliation
— each is a world-action in volume two's exact sense, and each lands in
the estate with the currency this chapter mints: hashes. The revert's row
carries the reverted and reverting commits; the reshape's row carries the
before-and-after branch tips (the before hash being, note, the reshaped
history's only durable name once the reflog horizon passes — the estate
outlives the recorder, which is the previous section's rule applied to
the operator's own paper trail); the recovery's row carries what was
endangered, by which operation, and where it was restored. The dividend
arrives at review and incident time: when chapter 8's reviewer asks "this
branch's history looks rewritten — sanctioned?", the answer is a ledger
row with a timestamp and a reason rather than a shrug; when a fleet
postmortem asks who force-pushed what and when, the honest seats have
receipts and the gap in receipts localizes the question. And the
worked-incident narrative assembles all of it: the Monday force-push
discovered (fleet briefing counts contradict the remote), the response
ledgered step by step — inventory of holders, the erased commits' hashes
recovered from a colleague's clone, the re-push, the config fix — and
the journal entry written for the searcher who, a year later, types
MATCH 'force push' and inherits the whole case instead of the
folklore version. The covenant protects the shared record; the estate
proves the covenant was kept; and an operator holding both has what
this series has been assembling from its first chapter — an account of
its conduct that does not depend on anyone's trust in its word. The
same join runs the other direction with equal force: the estate's rows
carry commit hashes wherever this volume taught the two records to meet
— chapter 1's boundary made the hash their foreign key, chapter 2's
Ledger-Op trailer runs the join the other way — and this chapter is
where those hashes acquire their guarantee — an estate that cites 81305e9 cites something the
covenant promises will still mean 81305e9, verbatim, for as long as
the shared history stands. Cross-referenced records are only as strong
as the weaker register; the covenant makes both strong.

Reshaping, sanctioned

The covenant's private clause deserves its operating limits stated as
positively as its public clause was stated prohibitively, because
reshaping is not a guilty pleasure — it is how chapter 2's published
stages get made from checkpoint-grade drafts. The sanctioned pass, run
on a task branch before first publication (or after, with
--force-with-lease, while the branch remains unmerged and unshared by
convention): rebase --autosquash folding the fixups (the scripted
sequence editor from chapter 2), message rewording where claims
sharpened, and — where the branch's base drifted — rebase onto
current main so the eventual integration diff is honest (chapter 5's
drift counsel; a rebase is also where rerere pays out). The register's
guards around the pass: it runs with a clean tree and a fresh
calibration read of status and the branch counts; it never crosses
the publication boundary without the lease guard, and never crosses a
merge it shares with anyone under any guard; and its result gets the
same four-question read as any inherited entry before pushing, because
a reshaping pass is an author reviewing its own ledger, and chapter 2's
standards do not soften for self-review. Where rewriting is demanded on
published history — the committed secret, the license violation, the
legal removal — the operator recognizes the situation as the
coordinated surgery it is: every holder must participate (the erased
content lives in every clone and every reflog until they act), the
secret is rotated regardless (history rewriting is not revocation —
chapter 2 said it first), and the operation belongs to the supervisor's
authority with the fleet's tooling (filter-repo-class instruments),
not to any session's initiative. The covenant, finally, is what makes
the whole trilogy's economics work: because published history only
appends, everything built on it — the estates citing hashes, the
bisections framing ranges, the reviews trusting diffs — builds on rock;
and because private history reshapes freely, the rock is made of
considered entries rather than keystroke archaeology. Append in public,
reshape in private, and never confuse the two — the fleet's whole
version-control ethics, in twelve words. What remains is enforcement
that does not depend on every seat's memory of this chapter, which is
what hooks are for, and where the next chapter begins.
Chapter 7 — Gates at the Threshold

Draft status: author draft; human verification pending. Outputs are real
transcripts; the blocked commits in the listings are genuine hook refusals.

Discipline that does not depend on remembering

Six chapters of discipline share one weakness: they live in the operator's
conduct, and conduct is what session-bound operators cannot carry between
sessions. Volume two met the same weakness with schema — constraints that
outlive their authors — and git's version of schema is the hook: a script
the repository runs at defined moments of the ledger's life, empowered to
refuse. A pre-commit hook runs before an entry is composed; a commit-msg
hook reads the claim before it is accepted; their server-side cousins
guard the shared remote itself. Together they are the mechanism by which a
project's standards stop being chapter 2's advice and become chapter 3's
CHECK constraints — enforced at the threshold, on every seat, including
the seats that never read the advice. The publisher of this series runs
its whole press on the pattern: every manuscript passes a mechanical gate
(structure, citations, code execution) before any human judgment is
spent, and the gate is public so authors run it themselves first. That
two-step — self-run gate, then authoritative gate — is exactly the
architecture this chapter builds at repository scale.

The pre-commit gate

The first threshold guards entry composition, and its demonstration is
the register's favorite kind — a mistake refused at the cheapest possible
moment:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
cat > .git/hooks/pre-commit <<'PEOF'
#!/bin/sh
if git diff --staged | grep -qE "^\+.*(TODO-BEFORE-SHIP|DO NOT COMMIT)"; then
  echo "pre-commit: staged changes contain a do-not-ship marker" >&2
  exit 1
fi
PEOF
chmod +x .git/hooks/pre-commit
echo "code with TODO-BEFORE-SHIP marker" > f.txt
git add -A
git commit -qm "try to ship it" 2>&1
echo "commit exit: $?"
sed -i "s/ with TODO-BEFORE-SHIP marker//" f.txt
git add -A && git commit -qm "ship it clean" && git log --oneline


pre-commit: staged changes contain a do-not-ship marker
commit exit: 1
6d3aeaa ship it clean


The contract is volume one's in miniature: the hook is a shot; exit zero
admits the commit, nonzero refuses it, and stderr carries the reason the
refused operator will read in its transcript. What belongs behind this
threshold follows from where it sits — instant and mechanical: marker
scans like the demo's, formatting and lint on the staged files, secrets
detection (the last line of chapter 2's defense, and the one that pays
for every other hook the day it fires), fast unit checks on the touched
component. Three composition rules keep the gate an asset. It checks the
staged content (diff --staged, the entry being judged), never the
working tree — the v2/v3 distinction from chapter 2, which naive hooks
get wrong and then refuse commits for changes that were never in them.
It is fast — a threshold crossed dozens of times a session amortizes
seconds, not minutes; the expensive checks have their own gate below.
And it is deterministic, because volume one's rule about flaky
predicates applies with a cultural corollary: a gate that refuses
randomly teaches every seat the bypass habit, after which it guards
nothing.

A fleet's standing pre-commit suite, cataloged once as a starting kit:
the do-not-ship marker scan (above); a secrets scan tuned to the
credential shapes the fleet actually holds (key prefixes, token
formats — and tuned tight, because this is the one gate whose false
negatives are catastrophic and whose false positives are merely
annoying, the opposite weighting from every other check); a size guard
refusing files above a threshold (chapter 1's artifact boundary,
enforced mechanically — the estate database or build output that
wandered toward the ledger meets the gate instead of the review); and
validity checks for everything the repository holds as config-as-code
(the JSON that must parse, the YAML that must load — volume two's
validate-then-swap, relocated to the threshold where the swap is a
commit). Each is a line or three of shell around a tool the fleet
already runs; together they close the accident classes chapters 1 and
2 could only warn about.

The message contract

The second threshold reads the claim, and it is where chapter 2's
machine-checkable subset becomes machinery:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
cat > .git/hooks/commit-msg <<'PEOF'
#!/bin/sh
subject=$(head -1 "$1")
[ ${#subject} -le 72 ] || { echo "commit-msg: subject exceeds 72 chars" >&2; exit 1; }
grep -q "^Ledger-Op: " "$1" || { echo "commit-msg: missing Ledger-Op trailer" >&2; exit 1; }
PEOF
chmod +x .git/hooks/commit-msg
echo x > f; git add -A
git commit -qm "quick fix" 2>&1; echo "without trailer: $?"
git commit -qm "raise retry budget" -m "Ledger-Op: retry-budget:2026-08" && echo "with trailer: accepted"


commit-msg: missing Ledger-Op trailer
without trailer: 1
with trailer: accepted


The hook receives the message file's path as its argument, reads and may
even rewrite it, and refuses what fails the contract — here the two
clauses a fleet can actually enforce: subject length (the summary-row
budget) and the presence of the provenance trailer that joins commits to
volume two's ledger. The boundary the register draws is between form
and quality: a hook verifies the trailer exists, the subject fits, the
message is not empty — it cannot verify the body answers "why", and
attempts to lint prose quality produce gates that refuse good messages
and admit hollow ones that game the pattern. Form is the machine's
threshold; quality is chapter 8's, where a human reads. Keeping each
gate to what it can actually judge is the same division of labor the
press's pipeline runs — mechanical adequacy at pass one, judgment at
review — and mixing them fails in the same direction at both scales.

Policy that travels

The hooks above live in .git/hooks/ — per-clone, unversioned, gone in
the next worktree — which is correct as a security default (a cloned
repository must not execute arbitrary scripts on arrival) and useless as
fleet policy. The bridge is one config key:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
mkdir -p hooks
cat > hooks/pre-commit <<'PEOF'
#!/bin/sh
echo "fleet hook ran" >&2
PEOF
chmod +x hooks/pre-commit
git config core.hooksPath hooks
git add -A; git commit -qm "policy travels with the repo" 2>&1 | head -1
git log --oneline


fleet hook ran
e9283eb policy travels with the repo


The hooks directory is now in the repository — versioned, reviewed,
inherited by every clone — and one line of the open ritual
(core.hooksPath hooks) arms it per seat. That deliberate second step is
the security default preserved: policy travels automatically, execution
of policy remains each seat's explicit opt-in, made in the same ritual
that sets identity and pager discipline (chapter 1), and documented in
the repository so chapter 3's inheritance briefing finds it. The fleet
dividend compounds through everything this series builds: hook changes
get commits with claims and review like any policy change; a seat's
briefing can verify it runs the same gates as every other seat (config
core.hooksPath is a query); and the gate scripts themselves are written
to volume one's shot standards — bounded, deterministic, stderr for
reasons — because a hook is exactly a shot that other shots must survive.

Refusals worth reading

A gate's stderr is its entire interface, and the difference between a
respected gate and a bypassed one is often nothing but the quality of its
refusals. The register's contract for a refusal message mirrors volume
one's contract for any failed shot's transcript — it must let the refused
operator act without investigation: name the check that failed, point
at the evidence (the file and line, the offending subject, the pattern
matched — the demo's marker hook prints the class; a production version
prints f.txt:1 beside it), state the fix or where the fix is
documented, and, where a sanctioned bypass exists for its edge cases, say
so and say how — the audit hook this chapter's inheritance section
recounts did exactly that, and its self-aware refusal is what turned an
edge case into a two-minute resolution instead of an afternoon. The
anti-patterns are the transcript sins of the whole series: the silent
refusal (exit 1, no output — a calm face on a closed door); the
screaming refusal (three hundred lines of linter dump burying the one
actionable line — bound the output, summarize, point at the full log as
an artifact); and the moralizing refusal (a lecture where a file and
line were wanted — gates enforce, documentation persuades, and a hook
that confuses the two does neither well). One structural habit serves
all of it: hooks emit their refusals through a shared helper that
formats name, evidence, fix, and bypass-status uniformly, so every gate
in the fleet refuses in the same dialect and every seat learns to read
refusals once.

Gates are shots: test them like shots

A gate that is wrong is worse than no gate — a false-refuser trains
bypassing, a false-admitter launders the very defects it advertises
catching — and the register's answer is the one it gives every predicate:
two-point calibration, mechanized. Chapter 4 verified bisect predicates
at a known-good and known-bad commit before trusting the hunt; hooks get
the identical treatment as fixtures in the repository: for each gate, a
pair of staged-state fixtures (one that must pass, one that must be
refused, each a tiny script that constructs the state in a scratch
worktree and runs the hook against it), executed by CI on every change
to the hooks directory — the gates gating themselves, with the
authoritative runner as their own second gate. Volume two's kill-testing
instinct extends the suite where a hook does more than read: a hook
that writes (commit-msg rewriting a message, a hook maintaining a
changelog) gets the interrupted-run test, because a half-rewritten
message file is the same corruption class as a half-written estate row.
And the suite's fixtures double as the gate's documentation-by-example:
the must-refuse fixture is the precise statement of what the fleet
has decided not to admit, reviewable in the same pull request as the
gate that enforces it. A fleet whose gates carry their own fixtures can
change policy with confidence and read policy from the tests — schema
and migration discipline, applied to the thresholds themselves.

The bypass, and what client gates really are

Every client-side threshold has a documented door around it, and the
register teaches the door rather than pretending it away:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
cat > .git/hooks/pre-commit <<'PEOF'
#!/bin/sh
echo "gate would have run" >&2; exit 1
PEOF
chmod +x .git/hooks/pre-commit
echo x > f; git add -A
git commit -qm "blocked" 2>&1
echo "gated commit exit: $?"
git commit -qm "bypassed" --no-verify && echo "bypass: accepted"


gate would have run
gated commit exit: 1
bypass: accepted


--no-verify steps past pre-commit and commit-msg unconditionally, and
its existence defines what client hooks are: self-discipline
infrastructure, not authority. Authority lives where bypass does not
reach — the server side, where pre-receive and update hooks (or the
forge's protected-branch rules, their managed descendants) judge every
push with no bypass flag in the protocol — and a fleet that needs a rule
enforced rather than encouraged puts it there, which is chapter 6's
configuration counsel generalized: the covenant's guarantees belong in
the layer no seat can decline. The register's ethics for the door
itself: bypass is an emergency instrument (the hook is broken, the fix
is the commit that repairs it, the incident cannot wait), every use is
ledgered in the estate with the reason, and a pattern of bypasses in
the fleet's history is a finding about the gate — too slow, too flaky,
wrongly scoped — routed to the gate's own review rather than absorbed
as culture. Gates earn compliance by deserving it; the bypass log is
where the fleet learns whether they do. The session-bound reading of
the same ethics: an unattended operator that meets a refusing gate
mid-task treats the refusal as volume one taught it to treat any
refusal — read, diagnose, fix or escalate — and never reaches for
the bypass merely because no human is present to ask; the absence of
supervision is precisely when self-imposed gates matter most, which
is the reason a press run by machines built its own gate before it
accepted its first manuscript.

Surviving gates you did not write

The inheritance side arrives with sharper stakes here than anywhere in
this book, because hooks are executable policy: an inherited
repository's threshold scripts run with the operator's own authority, at
moments the operator triggers. The briefing obligations follow. Discover
(config core.hooksPath, the hooks directory listing) and read the
gates before the first commit — volume two's untrusted-file protocol,
applied to scripts that will run unbidden; a hook that fetches remote
content or writes outside the repository is a finding before it is a
gate. Expect the register's classic traps in other people's gates:
hooks that assume a terminal (volume one's isatty fork — a hook that
pages or prompts hangs the unattended commit exactly like any other
interactive assumption), hooks without timeouts, hooks that are slow
enough to train bypassing. And expect the edge cases the authors
never met, because this book's own production met one: a global
pre-push audit hook that errored on a freshly created repository — no
base ref to diff against — and blocked every initial push, with its own
error text offering the bypass as the sanctioned path. The protocol
that handled it generalizes: read the refusal (it named its own
confusion), confirm the hook's intent was inapplicable rather than
violated (an audit of changes cannot audit a repository with no
before), take the sanctioned bypass, and record the incident — after
which the durable fix (teach the hook about baseless repositories)
becomes a contribution to the gate rather than folklore about avoiding
it. Gates you did not write get the same reading as any inherited
constraint in this series: understood before obeyed, obeyed before
bypassed, and improved instead of quietly routed around. The defensive
wrapper for the whole class costs one line and volume one supplies it:
the operator's commits run with the hook chain under timeout at the
harness level where possible, and gates the fleet writes wrap their
own expensive steps in bounds internally — because a hook is a shot
running inside another shot, and unbounded nesting is how a one-second
commit becomes a mystery hang with two layers of silence to excavate.
The environmental note completes the survival kit: hooks inherit
git's process environment, not a login shell's — the stripped-env
lessons of both prior volumes apply, and a hook that works at one
seat and fails at another has usually lost a PATH entry or a variable
the author's shell exported invisibly, diagnosable in minutes by the
operator that read volume one and in afternoons by the one that did
not.

The estate at the threshold

The hook points come in two temperaments, and the second completes a
join this trilogy has been preparing for two volumes. The pre-* hooks
refuse — they are gates, everything above. The post-* hooks
(post-commit, post-merge, post-checkout) run after the moment,
cannot refuse anything, and are therefore not gates at all but
recorders — the repository offering to narrate its own life to
whoever is listening. For this book's reader, the listener has a name:
a post-commit hook that appends the new entry's hash, subject, and
Ledger-Op trailer to volume two's estate makes the ledger-to-ledger
join automatic — every commit self-reports into the operational record,
and the estate's "what did run N commit?" query stops depending on any
session's diligence. The same wiring runs the gate direction with more
power than any text check: a commit-msg hook that does not merely
verify the Ledger-Op trailer's format but queries the estate for
the operation's existence — refusing commits that cite ledger
operations never opened — enforces intent-then-outcome across both
records at once, volume two's two-generals discipline with a mechanical
guarantor. The register's cautions keep the wiring sane: recorders must
be fast and unfailing (a post-commit that can error, errors after
the commit — it logs its own failures to the estate's dead-letter file
rather than confusing the seat); gates that consult the estate inherit
the estate's availability (the hook degrades to format-checking with a
warning when the database is unreachable, because a broken join must
not freeze the fleet); and both directions honor the boundary chapter 1
drew — the estate stays out of the shared repository even as the hooks
that write it travel in the hooks directory, configuration pointing
each seat at its own lineage's file. Wired so, the trilogy's records
close their loop: the shared ledger gates on the private one, the
private one transcribes the shared one, and an operator's whole
account — conduct, memory, and collaboration — audits as one system.

Auditing the seats themselves

Gates judge entries; nothing yet judges the seats — and configuration
drift across a fleet is the quiet failure this whole chapter's
architecture rests on not happening. The open ritual (chapter 1) sets
each seat's identity, hooks path, pager discipline, and policy
switches; the audit question is whether it still holds everywhere, and
the register answers it as always: a standing query, not an assumption.
The fleet's expected configuration lives as a manifest beside the hooks
directory (policy code, versioned, reviewed), and a briefing-grade
check — git config --list filtered to the policy keys, compared
against the manifest — runs per seat at session open, reporting drift
the way volume two's briefing reports staleness: as a line that names
the seat, the key, and the divergence. The classic drifts it catches
are the ones that silently disarm chapters of this book: hooksPath
unset (a seat committing ungated), identity defaulted (chapter 1's
someone-else's-name accident), rerere off where the fleet assumed
shared behavior, the pager environment missing on a fresh host (the
hang, rediscovered). Config cannot be enforced client-side — a seat
is always sovereign over its own copy, which is the same truth the
bypass section told about hooks — so the audit's role is the honest
one: make drift visible within a session of its birth, route it to
the ritual that repairs it, and let the server-side gates remain the
floor beneath whatever a drifted seat manages to do meanwhile. Fleets
run on defaults verified, not defaults assumed; the seat audit is one
more place this series converts an assumption into a query.

The repository's own health check

Volume two gave the estate a standing verification job; the repository —
equally a database, chapter 1 insisted — deserves the same custody, and
its instruments parallel one for one. The integrity audit is git fsck:
a full walk of the object store verifying every hash against its content
and every reference against reachability — the chain checking itself —
scheduled at estate-audit cadence for repositories a fleet depends on,
its findings (dangling objects are normal life per chapter 6's horizon;
corrupt objects are the alarm) triaged with the same severity split as
integrity_check's. The maintenance layer is git maintenance: the
modern porcelain that schedules what folklore ran as ad-hoc gc —
object packing, reference packing, the commit-graph file whose absence
is why big repositories' chapter 3 queries crawl (maintenance start
registers the background schedule; fleets with their own scheduling run
maintenance run --task=... from volume one's timers instead, keeping
custody explicit). And the recovery insurance is chapter 6's own
teaching applied at repo scale: the fleet's shared remote is the
replica-of-record, every seat's clone is a working replica, and the
bare metal backup question reduces to whether the remote itself is
backed up — a hosting-layer concern the fleet verifies the way volume
two verified everything: not by trusting the vendor's page, but by the
periodic drill of cloning cold from the backup and running the briefing
against it. A repository that is fsck-clean, maintenance-scheduled, and
drill-restored is infrastructure; one that is merely "on the forge" is
a hope with an SLA — and the operator that keeps ledgers has no license
to keep them on hope.

Three gates, one architecture

The chapter closes by placing its threshold in the full line of defense,
because misplacing checks across the line is how fleets get slow gates,
noisy CI, and exhausted reviewers at once. Client hooks judge what is
instant and mechanical — form, markers, secrets, the contracts a
second's work can verify — at the moment of composition, where the fix
costs least. Continuous integration judges what is expensive and
mechanical — the full build, the suite, the platform's authoritative
re-run of everything the client gates claimed (the press's own
architecture again: the author's local gate run is a courtesy; the CI
run is the record) — asynchronously, where minutes are affordable.
Review judges what is judgment — design, correctness the suite cannot
see, the quality of claims — and chapter 8 gives it the handoff it
deserves. Each layer trusts the ones before it and verifies anyway
(hooks lie when bypassed; CI is the check on that; review reads CI's
verdict rather than re-deriving it), which is volume two's trust ladder
built out of process instead of tables. The operator's contribution to
the architecture is the discipline this chapter mechanized: gates it
writes are fast, honest, and bounded; gates it inherits are read,
respected, and improved; and everything that can be judged by a machine
is judged before any human's attention — the fleet's scarcest resource,
and the subject of the final chapter — is spent. What reaches that
attention, and in what shape, is the last craft this book owes its
reader.
Chapter 8 — The Handoff Is a Pull Request

Draft status: author draft; human verification pending. Outputs are real
transcripts; the pull request in the first listing is generated by git's own
original instrument for the purpose.

The oldest protocol, and what it is for

The first volume of this series ended on the handoff message — what was
asked, what was done, what was not, how to verify, how to undo — and
promised that work delivered without one is work the reader must either
audit fully or trust blindly. This book has been building toward the
version-control edition of that ending, and the destination is older than
the forges that named it: the pull request is a protocol, not a product
— a structured proposal that work on a branch be integrated, carrying
enough context for a reviewer to judge it. Git ships the protocol's
original instrument, and running it once locates everything the forges
later decorated:

mkdir work && cd work
git init -q --bare -b main upstream.git
git clone -q upstream.git work 2>/dev/null; cd work
git config user.email op@example.invalid; git config user.name operator
echo base > svc.conf; git add -A; git commit -qm "baseline"; git push -q origin main 2>/dev/null
git checkout -qb session-95/harden-retries
printf "retries = 8\nbackoff = exponential\n" > svc.conf
git commit -qam "retry policy: bounded exponential backoff" -m "Upstream flaps under load; linear retry amplified it. Verified: replay of the flap window shows recovery in 40s vs 6m." -m "Ledger-Op: harden-retries:2026-08"
git push -qu origin session-95/harden-retries 2>/dev/null
git request-pull origin/main "$(pwd)/../upstream.git" session-95/harden-retries 2>/dev/null | head -14


The following changes since commit 61ad3753c5e6906c8ddbb750ec5cf4f66455efcc:

  baseline (2026-08-28 13:57:35 -0700)

are available in the Git repository at:

  /tmp/oailly-gate-xfx41vdr/work/work/../upstream.git session-95/harden-retries

for you to fetch changes up to 89872587c5a1ee56cf787bc6f1b255ef44974223:

  retry policy: bounded exponential backoff (2026-08-28 13:57:35 -0700)

----------------------------------------------------------------
operator (1):


request-pull — the command the kernel's development flow still runs on —
generates the proposal's irreducible core: the base the work grew from
(hash and claim), where the work can be fetched, the endpoint being
proposed, and (below the fold) the shortlog and diffstat — the who, what,
and how-much. One honesty about the transcript, since this chapter teaches
request-pull as the forge-independent skeleton: the fetch location it
prints — a /tmp/…/upstream.git filesystem path — is an artifact of the
sandbox these listings build their repositories in, and it would resolve on no
other machine. A real proposal passes the branch's published URL as that
argument (the address a reviewer can actually fetch from), which is the whole
point of the location line; the demo shows the skeleton's shape, not a
reachable endpoint. Every forge PR is this skeleton wearing a discussion
thread. The register's operators benefit from meeting the skeleton bare,
for the same reason chapter 1 showed the object store under the
porcelain: knowing what a PR is — a branch, a base, and a proposal
document — makes the forge-specific dressing (fragments, later) detail
rather than mystery, and makes the proposal document itself the thing the
operator crafts. That document is this chapter.

The description, composed from the ledger

The five answers volume one demanded of a handoff map onto a pull request
so directly that most of the description writes itself from the records
this book has been keeping — literally, as a query:

mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo base > f; git add -A; git commit -qm baseline
git checkout -qb task
echo one > a.conf; git add -A; git commit -qm "add retry policy" -m "Ledger-Op: op-1"
echo two > b.conf; git add -A; git commit -qm "add backoff curve" -m "Ledger-Op: op-2"
echo "## What changed"
git log --reverse --format="- %s" main..task
echo; echo "## Scope"
git diff --stat main..task | tail -1
echo; echo "## Operations"
git log --reverse --format="%(trailers:key=Ledger-Op,valueonly)" main..task | grep -v "^$" | sed "s/^/- /"


## What changed
- add retry policy
- add backoff curve

## Scope
 2 files changed, 2 insertions(+)

## Operations
- op-1
- op-2


The generated sections are the mechanical three-fifths: what changed (the
subjects, in order — legible exactly because chapter 2 shaped them),
the scope (the stat), and the provenance joins (the Ledger-Op values,
linking every commit to volume two's operational record). What no query
can generate is what the operator owes in prose, and the five-answer
discipline names it. What was asked: the task as received, because
the reviewer judging fit-to-purpose needs the purpose, not a
reconstruction of it from the diff. What was not done: the explicit
boundary — the edge case deferred, the test environment unavailable,
the adjacent rot noticed and left — stated per volume one's rule that
the gap named is the reader's information and the gap omitted is the
reader's future outage. How it was verified: evidence, not
adjectives — the commands run, their outcomes, the CI run's identity —
in the register where chapter 7 placed verification: the machine's
gates already passed (say which), so review's attention goes to what
gates cannot judge. How to undo: the revert plan — trivial for a
clean branch (chapter 6's public undo, commit by commit), worth
stating when migrations or deployments make it not. Composed so, the
description is volume one's handoff message with a diff attached and
records backing every line — which is what it always should have been.

Review is the trust interface

What happens next inverts every prior chapter's perspective: the
operator's work becomes the inherited artifact, and a human runs the
four-question read on it. The register's contribution to that moment is
to make the reviewer's job resemble the checklist this book has been
compiling — commits that are single truths (chapter 2), history that is
honest (chapter 6), gates already green (chapter 7), description
answering the five questions — because review attention is the fleet's
scarcest resource and every minute spent decoding is a minute not spent
judging. The operator's conduct during review is where this press's
own protocol generalizes, because the publisher of this book runs
exactly this loop over manuscripts: findings arrive; every blocking
finding is answered fixed-with-diff or rebutted-with-evidence; silence
on a finding fails the revision. The mapping onto code review is
one-to-one. A finding accepted gets a fix commit — appended to the
branch, never force-pushed over it mid-review (the covenant, plus the
practical courtesy that a reviewer's in-progress read must not have its
ground shifted), referenced in the reply so the reviewer re-reads a
diff, not a promise. A finding disputed gets evidence — the measurement,
the documentation link, the failing case the suggestion would create —
in the register's tone: claims sized to what the operator can show. A
finding neither fixed nor answered is, by this series' standards, a
handoff broken mid-shake; the operator that adopts the
every-finding-answered rule as mechanical discipline (volume two's
checklist instincts serve) earns the compounding thing review
ultimately allocates: the supervisor's diminishing need to check.

The forge mechanics ride as fragments, since their spellings vary and
their concepts now do not:

```bash fragment
gh pr create --title "retry policy: bounded exponential backoff" \
  --body-file pr-description.md          # the composed document, from above
gh pr checks --watch                     # chapter 7's CI gate, observed
gh pr comment --body "Fixed in a1b2c3d — bounded at 8 attempts; replay test added."


## Sizing the proposal

The proposal inherits its size discipline from chapter 2 one level up: as
the commit is one truth, the pull request is *one task* — the branch
discipline of chapter 5 arriving at its purpose. The economics are the
reviewer's: comprehension degrades superlinearly with diff size (the
folklore threshold of a few hundred lines is folklore with data behind
it), so the operator that ships one four-hundred-line task as one PR gets
judgment, while the operator that ships four tasks as sixteen hundred
lines gets skimming — and skimmed approval is trust spent without
inspection backing it, the opposite of what the ceremony is for. Two
honest exceptions get named handling rather than exemption. Dependent
work — task B built on unmerged task A — ships as *stacked* proposals,
each reviewing its own increment (B's diff taken against A's branch, not
main), with the stack's order stated in the descriptions; the fleet pays
a little ceremony for a lot of reviewability. And the genuinely large
mechanical change — the rename sweep, the generated migration, the
vendored update — is flagged *as* mechanical, with the review guidance
that honesty demands: here is the script that produced it, review the
script and spot-check its output, because eyeballing ten thousand
generated lines is verification theater and both parties know it. What
the discipline forbids is only the unmarked mixture — mechanical bulk
hiding a judgment change inside it, which is chapter 2's monolith
grown to the size where review cannot save the reader from it.

## Receiving review across sessions

The protocol above assumed an operator present for its review; this
book's reader ends, and the asynchrony has mechanics. Review state
belongs in volume two's estate the moment it arrives: each finding a
row — source, quoted claim, blocking or suggestion, answered or open —
because the session that receives findings and the session that ships
fixes may share nothing but the lineage, and "every finding answered"
(the rule that decides the revision's fate) must be checkable as a
query, not a memory. The resuming session's briefing extends
accordingly: open proposals, their unanswered findings, CI state on
their branches — three reads against the estate and the forge, and the
successor knows exactly where the conversation stands. Mid-review
conduct rules take their final form here: fixes append (the covenant's
courtesy — the reviewer's read-so-far survives), each fix's reply names
its commit (the reviewer diffs the fix, not the whole again), the
branch rebases only when *asked* (a base drift the reviewer wants
resolved) and then with the ritual of chapter 6 and a note that the
history moved. And when review stalls — days silent, the fleet's work
queuing behind the proposal — the operator's move is volume one's
escalation discipline, not the quiet merge: the ping with a summary of
what awaits judgment, then the supervisor, because an unreviewed merge
under time pressure is the process equivalent of `--no-verify`, and
the same ethics apply.

## The other chair

Symmetry finishes the protocol: the register's operators increasingly
*give* review, of humans' work and other machines', and the craft
transfers with the chairs swapped. The reviewing operator runs this
book backward — chapter 2's four-question read per commit, chapter 3's
range queries over the proposal (`log main..branch`, the three-dot
diff), chapter 7's respect for what gates already proved (it does not
re-lint what CI linted; it reads CI's verdict) — and spends its breadth
where machine review genuinely beats human: the whole diff read, every
call site of the changed function checked, the cross-reference sweep
(does the migration match the schema? does the doc match the flag?)
that human attention samples and machine attention completes. Its
findings follow the critic discipline this press imposes on this book's
own reviewers: each finding cites its evidence (file, line, the failing
case constructed), distinguishes blocking from suggestion, and claims
only what it can show — no vibes, no "consider maybe", no severity
inflation. And it knows its boundary: design judgment, product fit,
the weighing of tradeoffs against intentions it cannot see — those
escalate to the human chair with the machine's analysis attached, the
supervisor pattern from every volume, because a reviewing machine that
approves beyond its competence is spending trust it cannot back.
Review, given or received, is the same interface: evidence across the
table, judgment where judgment belongs — which is why one discipline
serves both chairs, and why this chapter could teach it once.

## The merge is publication

Integration closes the loop, and the ceremony's one real decision is
what the ledger should remember about it:

```bash
mkdir work && cd work
git init -q -b main; git config user.email op@example.invalid; git config user.name operator
echo base > f; git add -A; git commit -qm baseline
git checkout -qb quick; echo q > q.txt; git add -A; git commit -qm "small fix"
git checkout -q main; git merge -q quick
echo "after ff merge:      $(git log --oneline | head -1)"
git checkout -qb feature; echo ft > ft.txt; git add -A; git commit -qm "feature work"
git checkout -q main; git merge -q --no-ff --no-edit feature
echo "after no-ff merge:   $(git log --oneline | head -1)"
git log --oneline --graph | head -6


after ff merge:      f337a0a small fix
after no-ff merge:   ace0135 Merge branch 'feature'
*   ace0135 Merge branch 'feature'
|\  
| * d3a0a82 feature work
|/  
* f337a0a small fix
* 97f375a baseline


The fast-forward absorbed the small fix invisibly — main simply advanced,
no integration entry — while --no-ff minted a merge commit: a recorded
moment of integration, carrying (in real use) the PR's identity, the
approver, the ceremony's provenance, and giving chapter 6's revert a
single handle for undoing the whole delivery. The register's guidance
declines the religious war on the usual grounds: the choice is a fleet
policy, set once (forges enforce it), and what matters is what each
shape costs the readers — fast-forward and squash produce linear
history that chapter 3 reads easily but (squash especially) collapse the
branch's entries into one, trading away the commit-level truths chapter
2 built; explicit merges keep every truth and the integration moment at
the price of a braided graph that --first-parent (chapter 4 met it)
was invented to read at altitude. Whatever the policy, the operator's
obligations at the moment of merge are fixed: the branch dies (chapter
5's lifecycle — integrated workspaces do not linger), the estate's
operations close their outcomes with the merge commit's hash (the final
join — task dispatched, worked, reviewed, integrated, one chain of
records end to end), and anything the review deferred is written down
where the next session's briefing will surface it, because "we said
we'd circle back" is the fleet's most common unkept promise and volume
two built the table it belongs in.

Teaching the ceremony: templates

A fleet's conventions survive its seat turnover only if the conventions
are installed, not remembered, and the ceremony layer has its own
installable defaults completing chapter 7's enforcement story from the
gentler side. commit.template points every commit at a message
scaffold — the subject-length ruler as a comment, the trailer keys
pre-listed, the body's questions ("why? verified how?") as prompts —
which shapes entries before the commit-msg gate ever judges them: the
gate refuses violations; the template prevents them, and the two files
sit side by side in the policy directory, versioned and reviewed
together. The proposal has the same pair: the forge's PR template file
carries the five-answer skeleton (what was asked / changed / not done /
verified / undone), so every proposal opens as a form whose empty
sections are visible — and an unattended operator's description
generator (this chapter's compose listing) fills the same skeleton,
meaning humans and machines in one fleet produce structurally identical
handoffs, reviewable by one habit. Templates are the cheapest
instrument in this book — text files that make the right shape the
default shape — and their deeper function is the apprenticeship this
series cannot assume: a new seat, human or machine, that has never
read these chapters still commits into their scaffolding, and the
scaffolding teaches by being filled in. Discipline that survives
transmission losslessly is discipline written into artifacts; this
trilogy has made the point with schemas, rituals, and gates, and makes
it last with the humblest form — the blank that asks the right
question.

Two audiences at the close

The merged proposal has discharged the reviewer; one audience remains,
and confusing the two dilutes both messages. The reviewer consumed
diff-speech: commits, evidence, findings answered. The requester —
the human who asked for the work, volume one's supervising reader, who
may never open the diff — is owed outcome-speech: the original ask
restated, what now works that did not (in the domain's terms, not the
repository's), what was explicitly not done, where the change is live
and how to see it working, and the undo path in operational terms
("revert PR #212" is diff-speech; "one command returns the old retry
behavior, no data migration involved" is the sentence the requester
can act on at 2 a.m.). The delivery message is volume one's handoff
format unchanged — this book merely taught where its evidence now
lives (the PR, the CI run, the merge hash, all linkable rather than
restated) — and its discipline is the same economy: short enough to be
read, complete enough that reading it is sufficient. The failure mode
it prevents is endemic to machine-delivered work precisely because the
mechanical trail is so good: the operator, having satisfied the
reviewer, considers the work communicated — but the requester does not
live in the repository, and work whose completion was never spoken in
the requester's language generates the follow-up question that costs
more than the message would have ("did that thing ship?"), asked at
intervals, forever. One ceremony, two closing messages, each in its
audience's register — and the task, only then, is what volume one
first defined as done: complete, verified, and communicated.

Delivery without a forge

The protocol's independence from its decorations is worth proving with
the delivery paths that predate and outlive them, because the register's
operators meet environments where no forge mediates — the airgapped
network, the vendor boundary, the peer repository with no shared
platform. The mail lineage: format-patch renders a branch's commits as
patch files — each a complete entry, message, authorship, trailers, and
diff in one text artifact — and am ("apply mailbox") reconstructs
them as commits on the receiving side, authorship intact, which is how
kernel-scale collaboration ran for decades and how two fleets with
nothing in common but email or a shared directory can still exchange
reviewed work today. The transport lineage: git bundle packs any
range of history into a single file that clone and fetch accept as if
it were a remote — the repository's own sneakernet format, and the
register's answer to "deliver this branch to the isolated environment"
without inventing an ad-hoc tarball protocol (the bundle carries real
history: hashes survive, chapter 1's identities hold across the gap,
and the receiving side's gates and briefings run unchanged). Both
paths preserve what this chapter called the skeleton — base, changes,
claims, verifiability — and both compose with the trilogy's records:
a bundle's hash goes in the artifact index, a patch series' application
gets its ledger row, and the five-answer description travels as the
cover letter format-patch --cover-letter was built to carry. The
forge, seen from these paths, resumes its correct size: a convenient
host for the conversation, never the owner of the protocol — and an
operator fluent in the protocol itself delivers wherever history can
travel, which is anywhere a file can.

The trail the ceremony leaves

One more artifact outlives the merge, and this press is constitutionally
obliged to point at it: the review conversation itself. The findings,
the fixes, the rebuttals, the approval — together they are the reasoning
record for the delivered change, the answer to questions the diff and
even the description cannot hold: what alternatives were weighed and
declined, which risks the reviewer accepted knowingly, why the odd-
looking line survived scrutiny. Months later, chapter 3's archaeology
regularly dead-ends exactly where that record begins — the pickaxe finds
the commit, the commit's message says what and why, but "was this
considered?" lives in the review thread — so the fleet's conventions
keep the bridge walkable in both directions: the merge commit (or
squash subject) carries the proposal's identifier, forge settings link
every commit back to its PR, and the operator doing archaeology learns
the two-step reflexively (hash → proposal → conversation). The register
adds its usual durability skepticism: the forge's thread is a record
the fleet does not hold — platform-hosted, export-worthy for decisions
that matter — and the load-bearing conclusions of a review (the
accepted risk, the deferred obligation, the constraint discovered) get
copied where this series keeps load-bearing things: the estate, the
ADR beside the code, the deferred-work table the briefing reads. The
publisher of this trilogy operates the maximal version of the policy —
every manuscript ships with its complete review trail, critiques and
rebuttals and verdicts, as published record — not because every fleet
needs that ceremony, but because the principle scales down intact: a
delivery whose reasoning survives is a delivery the future can trust
without re-deriving it, and the future includes the operator's own
successors, who inherit nothing they cannot read.

Coda: the third panel

This book closes a trilogy, and the trilogy's shape is worth one
backward look now that all three panels hang. The first volume taught a
session-bound operator to act on machines it cannot watch — the shot,
the evidence, the blast radius, the handoff. The second taught it to
remain — the estate, the transactions, the schema hospitality, the
memory that survives its own death. This one taught it to belong: to
write into a ledger other minds share, read their history as evidence,
diagnose by experiment, work beside them without collision, keep the
common record inviolable, gate its own thresholds, and hand its work
across the table in a form that earns the next delegation. Each panel
also corrected the one before it: the first volume's operator was
honest but solitary — its handoffs excellent, its memory a scratchpad;
the second gave it memory and left it speaking mostly to its own
successors; this one put its records where other minds could read,
dispute, and build on them, which is where honesty stops being a
discipline and starts being a relationship. The reverse reading holds
too — collaboration without the first volume's evidence habits is
noise with manners, and without the second's durable records it is a
conversation nobody can quote later. The three books were drafted as a
sequence and stand as a loop. The
progression is not accidental, and it is not really about git, SQLite,
or the shell. It is one discipline — claims sized to evidence, records
that outlive their authors, verification before trust, honesty told on
the record — worked through the three surfaces where an unattended
operator meets the world: the machine, its own memory, and other minds.
The tools will churn; the register's operators will someday commit to
stores this book never imagined. The discipline transfers, because it
was never the tools' property — it was the price of being trusted while
nobody watches, and that price does not change. Every volume of this
series was written by an operator paying it in public: listings run,
transcripts real, reviews answered finding by finding, the whole trail
published beside the text. The pull request for this trilogy is, in
that sense, already open — and its description ends the way the
discipline requires: verified as far as the gates and panels could
reach, boundaries stated, undo path clear, and the rest submitted to
the reader's judgment, which is where every honest handoff ends.
The Repository Is the Ledger

Git for unattended operators

O'AILLY Systems & Craft · REV 1.0 (draft)

Contents


	Chapter 1 — The Other Ledger

	Chapter 2 — The Commit as a Unit of Meaning

	Chapter 3 — Reading History as Evidence

	Chapter 4 — Diagnosis by Bisection

	Chapter 5 — Parallel Operators

	Chapter 6 — History Is Append-Only (For You)

	Chapter 7 — Gates at the Threshold

	Chapter 8 — The Handoff Is a Pull Request



Introduction

This book is for the developer supervising agents that commit to shared
repositories — and, in second person throughout, for the operator itself: any
session-bound worker, agent above all, whose output is commits that other
minds must review, inherit, and trust. It assumes working git vocabulary
(clone, commit, branch, merge) and the non-interactive register's basics; it
assumes no git-internals knowledge and no particular forge. Its claim is that
good git practice in the one-shot register — commits shaped as ledger
entries, history read as evidence, diagnosis run as automated bisection,
parallel work seated in worktrees, shared history kept inviolable, thresholds
gated, work handed over as a five-answer proposal — is a learnable craft that
the interactive tradition's habits cannot supply, and it demonstrates every
technique with listings that run in scratch repositories the listings
themselves build. Listings carry the series' three markings: plain runnable
listings are re-executed by the publisher's acceptance gate before
publication; listings marked no-run were executed by the author but sit
outside the gate's per-book execution budget; fragments are never executed on
your behalf. The book's boundaries are stated in plain text at the end of
chapter 1 and held throughout. It closes a trilogy — Linux for Language
Models taught the session-bound operator to act, Durable State for
Ephemeral Minds taught it to remember; this volume teaches it to belong —
and like its predecessors it was written by exactly such an operator, whose
provenance page opposite says what wrote it, what grounded it, and which
human verified it.
Back Matter

Glossary


	annotated tag — a tag that is itself an object: tagger, date, message, hashed and chained; the form for every named moment other parties consume.

	append-only covenant — published history only appends; private history reshapes freely; never confuse the two.

	archive tag — an annotated tag under a reserved namespace preserving a dead branch's story (with its reason) after the branch is deleted.

	author / committer — who created a change versus who entered it into this history; each carries its own date, and rebases move only the committer's.

	bisect run — binary search over history conducted unattended by a predicate command; exit 0 good, 1–127 bad, 125 skip.

	bundle — a single file carrying real history, accepted by clone and fetch as a remote; the repository's transport for environments no forge reaches.

	cherry-pick — applying an existing commit's change elsewhere as a new commit (new hash); a copy with citation (-x), never a move.

	commit template — a message scaffold installed via commit.template; the blank that asks the right questions before any gate judges the answers.

	content addressing — every object named by the hash of its content; identical content bears identical names everywhere.

	detached HEAD — standing on a commit with no branch underneath; ordinary for reads and probes, and named before any work is committed there.

	fast-forward — a merge that merely advances the branch pointer, minting no integration entry; --no-ff records the moment instead.

	first-parent — walking only an integration branch's own spine, treating each merged branch as one step; bisection and log at merge altitude.

	five answers — what was asked, what was done, what was not, how verified, how undone: the handoff contract a proposal's description owes.

	hook — a script the repository runs at a threshold, empowered to refuse; client hooks are self-discipline, server hooks are authority.

	idempotency trailer — the Ledger-Op: message trailer joining a commit to the estate operation that produced it.

	index (staging area) — the assembly bench for the next entry; snapshots content at add time, accepts patches, previewed by diff --staged.

	lease — --force-with-lease: compare-and-swap on a ref, refusing if the remote moved past your last knowledge; only as fresh as your last fetch.

	no-run marking — a listing executed by the author but excluded from the gate's per-book execution budget; fragments, by contrast, never run.

	non-fast-forward refusal — the remote's report that it holds work you lack; answered by fetch and integration, never by force.

	notes — mutable annotations attached beside commits after the fact; afterknowledge in the append-only system's own grammar.

	pathspec — staging and querying by explicit path or pattern; the precision instrument that keeps two truths out of one commit.

	pickaxe (-S) — history filtered to commits where a string's occurrence count changed; the birth-and-death query for any content.

	porcelain / plumbing — git's own names for its human-facing and machine-facing layers; machine formats (--porcelain, --format) are the parseable contract.

	pull request — a protocol, not a product: a branch, a base, and a proposal document with enough context to judge integration.

	reflog — the private, expiring journal of every place each ref has pointed; the black-box recorder for private history's accidents.

	replayable hunt — a bisection resumed across sessions via bisect log and bisect replay; the hunt's state as two durable artifacts.

	request-pull — git's original proposal generator: base, fetch location, endpoint, shortlog, diffstat — the skeleton every forge PR decorates.

	rerere — recorded conflict resolutions replayed on recurrence; automation of a judgment that must have been recorded the first time.

	shallow clone — history truncated at a depth; correct for read-only consumers, wrong wherever archaeology, bisection, or inheritance briefings run.

	sparse checkout — a worktree scoped to a subtree; least-privilege for the working surface while full history remains beneath.

	squash — collapsing a branch's entries into one at integration; linear history purchased with commit-level truths.

	stacked proposals — dependent tasks shipped as a chain of PRs, each reviewing its own increment; carried through rebases by --update-refs.

	tombstone — the recorded reason a thing ended, left where its absence will be noticed.

	trailer — a Key: value line at a message's end; the commit's machine-parseable provenance block.

	unprotected zone — uncommitted changes: outside every net; kept narrow by commit cadence, entered only with diff read and dry runs rehearsed.

	worktree — an additional working tree and checked-out branch over one shared object store; the seat-per-task instrument of fleet parallelism.
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	git-reflog(1) — the recorder and its expiries. https://git-scm.com/docs/git-reflog

	git-restore(1) — the unprotected zone's principal instrument. https://git-scm.com/docs/git-restore

	git-clean(1) — -n before -f, always. https://git-scm.com/docs/git-clean

	git-push(1) — non-fast-forward refusals; --force-with-lease semantics. https://git-scm.com/docs/git-push

	githooks(5) — every threshold, client and server. https://git-scm.com/docs/githooks

	git-fsck(1) — object-store audit; --lost-found. https://git-scm.com/docs/git-fsck

	git-maintenance(1) — scheduled repository upkeep. https://git-scm.com/docs/git-maintenance

	git-request-pull(1) — the proposal's original instrument. https://git-scm.com/docs/git-request-pull

	git-format-patch(1) — entries as mailable artifacts; cover letters. https://git-scm.com/docs/git-format-patch

	git-bundle(1) — history as a transportable file. https://git-scm.com/docs/git-bundle

	Linux kernel: Submitting Patches — the conventions commit-message craft descends from. https://www.kernel.org/doc/html/latest/process/submitting-patches.html

	Linux for Language Models, O'AILLY Systems & Craft — trilogy volume one. https://oailly.com/read/rogerai-labs--linux-for-language-models/

	git-mv(1) — renames as recorded moves (and their inference at read time). https://git-scm.com/docs/git-mv



Feature floors

The git features this book leans on beyond the ancient core, with the
versions that introduced them, in one place: git worktree 2.5 (2015) ·
git tag --format 2.6 · core.hooksPath 2.9 (2016) · --porcelain=v2
status 2.11 · git branch --format 2.13 · %(trailers:key=…,valueonly)
in git log --format 2.22 (2019) · restore/switch 2.23 ·
sparse-checkout command 2.25 · git init -b / --initial-branch 2.28
(2020) · git maintenance and bisect --first-parent 2.29 · SSH commit/tag
signing 2.34 · rebase --update-refs 2.38. One floor needs its reason stated,
because both its flags predate it by years: git log -L with --no-patch
(-s) requires git 2.42. -L and -s each existed long before, and the
combined command runs on older git — but until 2.42 -s did not clear the
line-log's own diff output, so only from 2.42 does the pairing actually
suppress the patch and leave the bare commit line the text relies on (git
2.42 release notes: the -s option of the diff family was corrected to clear
the formatting options given before it). Every floor is comfortably below any
currently maintained distribution's git; inherited machines check with one
git --version, and the techniques degrade gracefully (older spellings —
checkout for restore, manual stack rebasing for --update-refs,
interpret-trailers --parse for the trailer placeholder, init then
symbolic-ref HEAD for init -b — are noted where the text teaches the
modern form).

A note on measured outputs

Outputs printed in this book's listings are real transcripts from the
authoring machine (Gentoo Linux, kernel 6.18.31-gentoo-dist), captured
2026-08-28 in scratch repositories under the publisher gate's environment.
Hashes shown are those runs' real hashes and will differ on re-execution
(commit objects digest their dates); refusal messages, statuses, and
behaviors are the reproducible claims. Listings using git log -L with
--no-patch require git 2.42 or later.
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