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Abstract

Distributed version-control systems permit a repository to contain many simultaneous histo-
ries. This capacity is normally understood as a software-engineering convenience: developers
branch, work independently, and later merge. In sufficiently large projects, however, branch-
ing is more than a convenience. It is an organizational mechanism for limiting the number of
interactions that must be considered at once.

This paper examines that mechanism through Echo Chamber, an experimental Git repository
that deliberately abuses branching. A generator writes 256 template pages, each to its own orphan
branch, so that reading requires switching repository histories. The repository describes itself
as intentionally inconvenient, and the paper does not present the inconvenience as a discovery.
It offers an accounting of the construction. The commit graph has 262 vertices and five edges,
all on the tooling branch, so the pages share no ancestry and have no revisions. The functions
that a document ordinarily obtains from its structure (order, type, successor, boundaries, table
of contents) are each rebuilt in a layer that the isolation mechanism does not govern. The one
function that requires an object, the identity of the document as a whole, is absent. And because
every page is the output of a single generator, the isolation of the histories coexists with total
coupling of their origin.

The construction exposes a useful distinction. Branching is valuable when it separates
work whose intermediate states genuinely require independence before integration. It becomes
pathological when it merely classifies information that could coexist without interference. The
experiment therefore provides a small model of a much larger problem in collaborative engineer-
ing: how a project converts an otherwise combinatorial coordination problem into a hierarchy of
locally manageable integration problems. The Linux kernel provides a particularly clear real-
world comparison. Its subsystem trees, maintainers, pull requests, and eventual convergence
toward mainline show that distributed histories are useful not because separation is intrinsically
desirable, but because controlled separation followed by integration can scale where universal
simultaneous coordination cannot.

1 Introduction

A Git branch is easy to describe technically. It is a movable reference to a commit. Yet the prac-
tical meaning of a branch is considerably richer. A branch permits one sequence of changes to
proceed without requiring every intermediate state of that sequence to become the state observed
by everybody else.

For a small project this may appear to be merely convenient. One developer repairs a parser
while another modifies a user interface. Their work proceeds independently and is combined later.

At larger scales the same operation acquires organizational significance. It determines which
people must coordinate with which other people, over what objects, and at what time.

This paper investigates that transition by beginning with a deliberately bad repository.



Echo Chamber is a Git repository in which a generator writes 256 pages, each to its own orphan
branch with an independent root commit. To move from page 137 to page 138, the reader executes

git switch chamber/0138

rather than following a hyperlink or opening another file.

The repository is ridiculous by construction, and it says so. Its README calls it intentionally
inconvenient, and its navigation manual describes the disappearance of the book as a feature. The
paper therefore does not offer the awkwardness of the design as a discovery. The ridiculousness is
diagnostic instead. Git accepts the representation without difficulty. The question is not whether
branching can represent the pages. Clearly it can. The question is what property of a problem makes
branching an appropriate representation, and what, exactly, the inappropriate representation leaves
behind.

This leads to the central claim of the paper:

Branching is useful when it reduces coordination among changing states; it is wasteful
when it merely separates information that could coexist.

That distinction connects a toy repository containing hundreds of unnecessary branches to some
of the largest collaborative software projects ever constructed.

The argument proceeds in two parts. The first accounts for the repository itself: its measurements
(Section 2), the fact that its pages are instances of a template (Section 3), and the places to which
the structure of a document is displaced when branches replace files (Section 5). The second part
sets out why real branching is valuable, using the coordination arithmetic of large projects and the
Linux kernel, and then returns to the repository to state precisely what its construction lacks.

2 The Experiment

The ordinary representation of a book is approximately

book/
chapter-01.md
chapter-02.md
chapter-03.md
chapter-04.md

All four objects coexist.

A reader can search them together, compare them, open two simultaneously, or traverse them
without changing the state of the containing system.

Echo Chamber instead constructs

main

chamber/0001
chamber/0002
chamber/0003

chamber /0256

where each chamber is created using an orphan branch.
The histories therefore do not merely diverge from a common ancestor. They have no common
commit ancestor at all.




Quantity Reported value

Chambers 256
Branches 257
Independent histories 257
Commits 262
Branches holding chambers 256
Branches holding the tooling (main) 1

Table 1: Figures printed by the repository’s audit.

If B; denotes chamber i, then for distinct chambers

Ancestors(B;) N Ancestors(B;) = @.

The representation is stronger than necessary even by branching standards. The pages do not
merely occupy different versions of the same repository. They occupy independent histories.
The reader consequently performs navigation by mutating repository state:

Bl' — Bi+1-

A hyperlink has become a checkout operation.

2.1 What the repository says about itself

The README states that the main branch contains almost nothing and that the material lives in
256 mutually isolated reading environments. Its stated justification is a deliberate non sequitur: a
branch can contain a document, and therefore, by an impeccable chain of reasoning, a branch should
contain a document. It answers the question of a table of contents with git branch, the question
of search with an instruction to determine which universe contains the text and then enter it, and
the question of reading several pages at once with git worktree, which it says converts reading
comprehension into repository administration. Its design principle is stated as an instruction: if a
directory can solve the problem, introduce another dimension.

The register is that of formal argument applied to a conclusion that does not follow. Reading
the repository as an error would therefore misread it. It makes no claim about efficiency, and the
analysis below concerns the structure of the construction and not the fact that it is inconvenient.

2.2 Measurements

The generator embeds an audit, and the published tooling reports the figures in Table 1.

The generator computes the independent-histories figure as the number of parentless com-
mits, using git rev-list --all --max-parents=0, and aborts unless it equals the chamber count
plus one. Independence is therefore not merely reported but enforced as a postcondition of the
construction.

The figures constrain the structure more tightly than the prose description does. Main carries
six commits, so the remaining 262 — 6 = 256 commits are exactly one per chamber. Every chamber
is a single root commit.



Let G = (V, E) be the commit graph with an edge for each parent link. Then |V| = 262. A
chamber contributes one vertex and no edges. Main is a path of six commits and contributes five
edges, so |E| = 5. Because the graph is a forest, its number of connected components is

c=|V|—|E| =262 -5 =257,
which agrees with the reported number of independent histories.

Proposition 1 (Ancestry lives only in the tooling). All parent relations in the repository belong to main.
The 256 chambers are singleton components: none has a parent, a child, or a revision.

Two consequences follow.

First, “independent histories” overstates what each chamber possesses. A history with one
commit contains no revision, no earlier state, and no comparison. The temporal-firebreak function
of a branch, discussed below, requires a state that changes before integration, and a one-commit
branch has no such state.

Second, main is itself one of the 257 roots. The branch that holds the reader, generator, and
publisher shares no ancestry with the material they operate on. The tools are on a history unrelated
to their objects.

3 The Pages Are a Template

The generator creates each chamber as an orphan branch, removes the files inherited from main, and
writes exactly one file, PAGE.md, from a template. Every page contains the same fixed statements,
with only the genre, the number, and the neighbor commands varying;:

# Observation 0178
You are standing in ~chamber/0178".

This entire Git history exists to contain this page.
There are 256 chambers in this repository.

Only one of them is currently visible.

This is considered information architecture.

## Previous (omitted on the first chamber)
git switch chamber/0177

## Next (replaced by an End section on the last chamber)
git switch chamber/0179

The next page does not exist in this history.

Chamber 178 of 256.

The listing condenses the template and omits blank lines. It changes what the repository is.

3.1 Generated, not divided

An account of the experiment as a sequential document divided among branches does not fit. No
document exists before the division. If IV is the chamber count and 6 the template together with the
genre list x described below, then page ¢ is




ple(evNaZ)a

and the 256 pages are the image of a single function. What the repository stores is a program of
about one hundred lines and its expansion into 256 isolated histories. The description length of the
whole set is that of the generator plus the number .

3.2 The content is about the container

Every sentence in every page is either a statement about the repository’s isolation or a navigation
command. There is no object-level text. The genre labels therefore head identical bodies: the page
called Marginalia annotates nothing, and the page called Correction corrects nothing.

One of the fixed statements is also false in the presence of the manual’s own worktree operation.
The page asserts that only one chamber is visible, which holds for a single working tree and fails as
soon as a second worktree is opened.

3.3 The genre clock

The generator assigns each chamber a genre from a fixed list of twelve, indexed by position. For
chamber i the genre is g(i) = K(;—1) mod 12, Where & is:

k  Kg k  Kg

0 Chapter 6 Clarification
1 Aside 7 Intermission
2 Footnote 8 Addendum
3 Digression 9 Observation
4 Correction 10 Parenthetical
5 Appendix 11 Marginalia

Since 256 = 12 - 21 + 4, the first four genres occur 22 times each and the remaining eight occur
21 times each; there are 22 chapters. The recorded log agrees with the script: Observation appears
at 0178, 0190, 0202, and 0214, since 177 = 9 (mod 12), and Chapter appears at 0181, 0193, 0205,
and 0217. The genre is also written into the commit subject as the label followed by the chamber
number.

The labels therefore carry no information about their fragments. They are the output of a clock.
This matters because most of the twelve genres name a relation to some other text: a footnote belongs
to a passage, a correction corrects something, an addendum adds to something, and marginalia
stand beside a text. At least eight of the twelve are of this kind.

Proposition 2 (Relational types without relata). The genre vocabulary of Echo Chamber includes at least
eight relation names, yet the repository contains no edge that could carry any of them, and no page contains
text to which any of them could refer.

The graph has five edges, all on main, so a Correction such as 0185 has no parent, no child, and
no target within the graph. The same holds for the appendices, which recur mid-sequence rather
than at the end. The vocabulary preserves the types of document relations while removing the
relata, in the graph and in the text alike.

The typing also flattens the hierarchy it names. In a conventional document an aside sits inside
a chapter and marginalia sit beside a passage. Here a Chapter and an Aside are peer branches with
no containment relation between them.



3.4 Independent ancestry, total coupling of origin

The ancestry graph says the chambers are as independent as possible. The generator says the
opposite about their origin. Every page depends on ¢ and on N, and every page except the ends
embeds the names of its two neighbors. The dependency graph of the pages therefore contains a
path (each page and its neighbors) and a star (every page and the global parameters).

Proposition 3 (Broadcast update). A change to the template or to N alters all N pages, and extending
the book by one chamber alters the last existing page, whose End becomes a Next, together with the count
statement in every page.

The generator also aborts if a target branch already exists, so it is not an incremental tool:
changing anything requires deleting the chambers and regenerating them. A subsystem tree in a
large project exists because changes to it proceed independently of changes elsewhere. Here there
is no unit of change smaller than the whole set, and the coordination that isolation was supposed
to remove reappears as a broadcast update to every unit. Replicating the global count and the
neighbor names into each page is the price of having no shared place to keep them.

4 Monotonic Depth and Pathological Breadth

The repository has two deliberately different geometries.
The main branch is monotonic. Its six commits, from earliest to latest, carry the following
subjects:

chore: establish repository boundary

docs: explain the echo chamber

docs: replace hyperlinks with repository mutation
feat: add unnecessarily stateful reader

Cleaning working tree

feat: add mechanism for publishing every reality

Nothing in this history requires the previous conceptual layer to disappear. The third commit
states the design in one line: navigation by hyperlink is replaced by navigation as a change of
repository state. The fourth records that the reader is stateful. A hyperlink keeps its target inside
the document, whereas here the equivalent state is held outside it, in HEAD and in whatever the
reader tracks. Reading is therefore a write to repository metadata.

[verify: whether the reader script persists any state beyond HEAD; the navigation manual derives
next and previous from the current branch alone]|

Meanwhile, the chamber namespace grows sideways:

M By By B3 --- Basg.

Figure 1 draws the resulting commit graph.

The contrast is intentional.

The main history represents accumulation. The chambers represent mutual exclusion.
The experiment therefore makes two different operations visible:

commit ~ extension,

whereas




main (DA «—(D—(—©)

chamber/ O O O O e Q

0001 0002 0003 0004 0256

Figure 1: The commit graph. Main is a path of six commits with five parent links. Each of the 256
chambers is a single commit with no parent and no child.

branch =~ alternative continuation.

Neither equivalence is exact in Git, but the distinction is useful at the level of collaborative
organization.

The two histories also follow different commit-message conventions. Commits on main use a
conventional change-description style, a type prefix followed by a description of what changed.
Commits on the chambers use a label-and-number style that describes what the content is. A
chamber commit records no change, since there is nothing before it to differ from, so its message
field is free to serve as a content descriptor.

5 Where the Structure Went

The README lists the devices the repository does without: files, directories, pages, chapters,
headings, footnotes, hyperlinks, and good judgment. A reader must nonetheless find, order, and
identify the pages. Each of these functions is rebuilt somewhere, and the location of each rebuilding
is informative.

5.1 The namespace as a hidden directory

The repository removes the directory from the document and returns it through the ref namespace.
The chambers are not named arbitrarily. They are named chamber/0001 through chamber/0256,
and both the slash and the zero padding do organizational work.

The slash matters because Git branch names are hierarchical. A loose reference to chamber/0138
is stored beneath a chamber directory inside the repository’s reference store, and the prefix prevents
any branch from being named simply chamber. The directory has moved out of the working tree
and into the metadata, where it performs the same grouping function.

The padding matters because git branch lists names in lexicographic order. With four-digit
padding, lexicographic order and numeric order coincide, so the listing reproduces the sequence of
the document. Without padding, page 10 would precede page 2. The sorted branch list is therefore
a usable table of contents.

The pages are unrelated in ancestry, so as nodes of a commit graph they form an antichain. Yet
the naming scheme imposes a total order on the same objects:

By < By < -+ < Basg.

The order is not recorded in the history. It is recorded in the labels and, as the generator shows,
printed inside each page as a pair of commands.



Operation Command Mutates state

Where am I git branch --show-current no
Next page parse suffix, add one, git switch chamber/NNNN yes
Previous page parse suffix, subtract one, then switch yes
Bookmark git rev-parse HEAD no
Table of contents  git branch no
Two pages atonce git worktree yes
Close the book git switch main yes

Table 2: The reader interface specified in the navigation manual.

Proposition 4 (Relocation of order). In Echo Chamber the sequential structure of the document is carried
by the naming convention of the reference namespace and by the text of each page, and not by the commit

graph.

A second way to state the relocation uses addresses. A file in a repository is addressed by a pair
(r,q) of aref and a path. A conventional book holds the ref constant and varies the path:

pagei — (7o, ¢;) = (main, chapter—i.md).

Echo Chamber holds the path constant, since every page is the file PAGE.md, and varies the ref:

pagei — (75, qo) = (chamber/pad,(i), PAGE.md).

The design principle in the README, that when a directory can solve the problem one should
introduce another dimension, describes this exactly. The additional dimension is the ref coordinate.
It replaces the path coordinate as the axis along which pages are distinguished. Resolving an
address also takes two operations, a switch to change the ref and a read of the fixed path.

5.2 Navigation as name arithmetic

The repository’s navigation manual opens by stating its method: navigation is intentionally imple-
mented as repository mutation. It then specifies the interface of a reader in seven operations, each
given as a Git command (Table 2).

Four of the seven operations change state. The other three are queries, although the bookmark,
as discussed below, depends on a write that the repository cannot hold.

Let name(i) = chamber/ @ pad, (7). The manual defines the successor of the current page by
three steps followed by a fourth: read the current branch, extract the numeric suffix, add one, and
switch to the resulting name. In symbols,

next(B;) = switch(name(i + 1)).

The ordering of the document is therefore computable from the padding function and integer
arithmetic alone, which confirms the relocation of order into ref names. A hyperlink stored its target
once, inside the document. Here the target is recomputed by the reader on every step, as a read, a
parse, a calculation, and a write.

The manual says nothing about the two ends of the book. The generator supplies them inside
the pages: chamber 0001 has no Previous section, and the last chamber has an End section that



points to main in place of a Next. The boundaries of the document are therefore stored in the page
text, by conditionals evaluated at generation time.

The link also returns in another place. Every page contains its own Previous and Next sections,
each holding the exact git switch command for the neighboring chamber. A hyperlink was
replaced by a checkout, and the page then prints the checkout command as an instruction to be
executed. The link has come back as text that must be run. The design runs against the hypertext
tradition, in which the link is a stored object of the document [10, 11].

Because main is an independent root, the scripts that live on it are absent from every chamber’s
working tree. A reader script therefore cannot sit beside the text it presents, and must be run from
outside the chamber, for example from a worktree of main.

[verify: confirm how read-chamber.sh is invoked once a chamber is checked out; the manual
names git worktree but gives no invocation, so confirm whether any script provides a helper]

5.3 Two identity systems

The manual gives two different kinds of address. Branch names are mutable, ordinal, and positional.
A commit hash is immutable and content-addressed. The bookmark operation uses the second: it
records the hash of the current commit and tells the reader to write it “somewhere safe.”

Two points follow. First, the repository has no place to keep the bookmark. The reader’s
position in the book, once bookmarked, is held outside the repository, which is consistent with
the observation that the tooling and the material share no history. Second, a hash identifies one
fragment. A bookmark of the whole book would require the vector of all 256 tips, and the manual
offers no such operation.

A hash also depends on the commit’s message and timestamps as well as its content. The
generator sets no dates, so regenerating the chambers would in general produce new hashes, and a
bookmark survives only as long as the chambers are left as they are.

5.4 The table of contents moves to the host

The README and the manual both answer the question of a table of contents with git branch.
The publishing script gives a different answer:

The table of contents is now the GitHub branch selector.

The two answers place the same function in different systems. In the first, the contents are a
sorted listing produced by the local tool. In the second, they are an interface element of the hosting
platform. In both, the listing is derived from ref names, so it can carry only what a name carries.
The zero-padded number is there, but the genre label is not, because it sits in the commit subject. A
reader browsing by branch name sees chamber/0181 and learns its position, while learning nothing
about it being a Chapter.

[verify: confirm that the GitHub branch selector shows ref names and not commit subjects ]

A printed table of contents is authored: it pairs titles with locations. Here the equivalent is
generated from labels that were never meant as titles, and its coverage of the document’s structure
depends on a third-party interface.



5.5 The book has no snapshot

The publishing script ends with a deadpan announcement, reporting that the repository has escaped,
together with two counts that match the audit: 257 published branches and 257 orphan histories.
Before that, it verifies the remote by reporting 256 local chambers against 256 remote chambers.

[verify: confirm whether the verification step compares only counts or also the commit each remote
ref points to]

If the check compares counts only, it establishes that the same number of refs exist on both sides
and not that the same fragments do. In an ordinary repository this distinction would rarely matter,
because a single commit hash identifies the entire tree. Here it matters a great deal.

In a conventional book repository, a commit names the whole book at a moment: its tree contains
every chapter. Two people can agree that they are reading the same book by comparing one hash.
Echo Chamber has no such object. Let tip(B;) be the commit at the head of chamber i. The state of
the book at a moment is then the vector

s = (tip(Bi), tip(Ba), . . ., tip(Bass)),

which is an element of the product of the chambers” histories,

Because each chamber has exactly one commit, the product currently has a single element. The
vector is well defined, but it is not stored as an object anywhere in the repository. It is recoverable
only by enumerating refs.

Proposition 5 (No whole-document identity). No commit, tree, or tag in Echo Chamber names the
document as a whole. A version of the book is a tuple of tips, and a tuple of tips has no hash.

The consequence for the paper’s larger argument is direct. A kernel release is a single named
state of the entire project, and convergence toward mainline is convergence toward an object that
can be named. The chambers converge on nothing. If a single chamber were revised, the product of
histories would gain elements, but no object would record which tuple counts as the current book.
Restoring that identity would require a manifest recording the tips, and the manifest would be one
more structural function relocated outside the isolated units.

[verify: whether main or any tag records such a manifest of chamber tips|

5.6 Whatis relocated and what is absent

Collecting the results of this section:

Structural function Where it now lives

Order the zero-padded ref names, and the page text
Type of fragment the commit subject and page heading, generated
Successor and predecessor the page text, and name arithmetic in the manual
Boundaries of the book conditionals in the page template

Table of contents the branch listing, locally and on the host
Bookmark a commit hash, stored outside the repository

Whole-document identity = nowhere

10



Remark 1. The bookmark row identifies one fragment and not the book, so the last row is the only function
that is not relocated but absent. Every function that can be rebuilt from names, subjects, page text, and scripts
has been rebuilt, and the one that requires an object has not. The experiment does not remove structure. It
moves it to layers where the isolation mechanism has no authority over it.

6 The Category Error

Why is Echo Chamber obviously inconvenient?

Not because 256 is a large number.

A filesystem can contain 256 files without becoming conceptually strange. A database can
contain 256 records. A book can contain 256 pages.

The problem is that the representation assigns exclusivity to objects that do not require exclusiv-
ity.

Let two artifacts « and y have a domain compatibility relation

Clo.y) 1, if both can coexist in the same working state,
xT, =
Y 0, otherwise.

For two pages of a book, ordinarily

C(z,y) =1.

Nothing about the existence of page 14 prevents page 15 from existing.
The representation nonetheless guarantees that no single working tree holds two chambers.
Write Cyy(z, y) for compatibility within one working tree. For distinct chambers,

C(BZ',B]‘) =1 but Cw(Bi,Bj) =0.

The storage mechanism has imposed a conflict not present in the objects being represented.
This suggests a general principle.

Definition 1 (Representationally induced conflict). A representation induces conflict when two states
that are mutually compatible in the represented domain are made mutually exclusive by the representation
itself.

Echo Chamber maximizes representationally induced conflict for comic effect.

6.1 Worktrees and the partial reversal of exclusivity

The exclusivity of the chambers is a property of a single working tree. The README and the
manual acknowledge this by directing the reader who wants several pages at once to git worktree,
which they describe as converting reading into repository administration.

A linked worktree gives a second checked-out branch its own directory. Two pages can then be
open simultaneously, each in a separate directory, sharing one underlying object database. Git also
refuses, by default, to check out the same branch in two worktrees at once, so each simultaneous
page requires its own worktree [12]. With Clepo denoting compatibility within one repository, for
distinct chambers

Cw(Bi, Bj) =0, Crepo(Bi, Bj) = 1.

11



Exclusivity is therefore relative to the observation mechanism and not to the repository. Work-
trees restore coexistence, at the price of one directory per simultaneously visible page. For a reader
who wants a running head, a chapter, and its notes in view together, the cost of reading grows
linearly with the number of pages kept open, and each unit of that cost is filesystem administration
instead of attention.

The mechanism also refines the claim that the pages are isolated. They are isolated for checkout
and search, since a text search runs against a working tree. They are not isolated for storage,
because all chambers share one object database and are fetched together on an ordinary clone. The
README's instruction to determine the universe containing a text before searching it therefore
describes a search cost that arises from the working-tree constraint, which is a property of the tool
and not of the corpus.

6.2 Existence and presence

The closing message of the publishing script tells the reader how to remove the material:

git switch main

The book disappears because main contains almost nothing, but nothing has been deleted. All
256 chambers remain in the object database and on the remote. What has changed is the content of
one working tree.

Existence of the document belongs to the repository, while its presence belongs to the observation
mechanism. In a conventional repository these coincide, since the checked-out branch normally
contains the whole document. Here they separate completely:

exists(B;) for all i, present in W for at most one i.

The reader therefore never holds the book, only one fragment of it at a time, and the sense in
which “the book” exists is the sense in which a set of refs exists.

7 Why Real Development Branches

Software development is different because intermediate modifications can genuinely conflict.
Suppose developers A and B begin from repository state Sy. They independently produce
transformations

fa(So) =54,  fB(S0) = SB-
The desired project state is not automatically

fa(fB(S0))-
The transformations may touch the same code, depend on incompatible assumptions, change
interfaces, or individually preserve invariants that their naive composition violates.
Integration is therefore an operation in its own right:

I(SA, SB; S()) — SAB‘

The existence of a merge operation acknowledges that independent continuations cannot always
be composed by concatenation.

This is precisely what is missing from Echo Chamber. Page 14 and page 15 do not require
reconciliation. Their separation produces no useful integration boundary.

12




8 The Coordination Explosion

The importance of branching becomes clearer when the number of collaborators increases.
Suppose n developers must all coordinate directly with one another. The number of possible

pairwise relationships is
n n(n—1
e = < > _nn=1)

2 2
Thus

Eﬂat S @ (n2) .

This is the arithmetic of communication channels made familiar by Brooks [6]. For n = 10,

Eﬂat = 45
For n = 100,

FEqa = 4950.
For n = 1000,

Eqae = 499500.

This does not mean that every pair of developers in a real project must communicate directly.
Rather, it demonstrates why an architecture that required universal pairwise coordination would
scale badly.

Large projects survive precisely by avoiding that requirement.

9 Partitioning the Coordination Graph

Suppose instead that developers are partitioned among k subsystems, with subsystem j containing
n; participants:

If most detailed coordination occurs locally, the internal coordination surface becomes approxi-
mately

k
oy
Elocal = 7).
local Z ( 9 >
J=1
Cross-subsystem integration can then occur through a smaller number of interfaces or main-

tainers.
For equally sized groups, where n; = n/k,

(n/)(n/k — 1)
2

Elocal ~k

Ignoring the lower-order term gives

13



n2

2k’

This expression shows only the fall in local coordination. The cost of the cross-boundary
interfaces is the other side of the trade, and it appears in the optimization objective given later.

Partitioning does not eliminate coordination. It changes its topology.

Instead of requiring everybody to maintain detailed synchronization with everybody else, the
system establishes regions of dense local coordination connected by comparatively sparse integration
boundaries. The same move underlies modular decomposition [8] and the near-decomposability of
complex systems [9]: dense interaction inside components, and sparse interaction between them.

Elocal ~

10 The Linux Kernel as a Hierarchical Integration System

The Linux kernel provides a particularly clear example.

Kernel development is not organized as thousands of developers continuously submitting
unrelated changes directly to a single integrator. The source tree is divided into subsystems, and
maintainers operate subsystem-specific development trees. Changes can move through multiple
levels of maintainership before reaching the mainline tree.

The kernel’s own process documentation describes this explicitly. Subsystem maintainers
maintain their own trees, and higher-level maintainers may pull from lower-level maintainers. The
resulting structure is described as a chain of trust.[1]

The contemporary kernel documentation also describes the project as widely distributed, with
more than one hundred maintainers moving changes through their own repositories while final
mainline integration remains centralized.[3]

The resulting structure can be idealized as

developer — subsystem — maintainer tree — higher-level tree — mainline.

The actual topology varies by subsystem and is not a perfectly regular tree. That irregularity is
itself important: organizational boundaries follow technical and historical structure rather than a
predetermined balanced hierarchy.

For example, kernel documentation for the SoC subsystem notes that the domain is too broad
for one person or small group to maintain. Platform submaintainers therefore maintain their own
trees and send pull requests toward the main SoC tree.[4]

The branching structure is consequently also a delegation structure.

The process also includes an integration tree, linux-next, in which pending subsystem changes
are combined ahead of mainline so that conflicts surface early [1]. It is a concrete instance of
convergence: divergent subsystem histories are repeatedly brought to a shared state. Git itself was
created for this workflow, which is one reason the tool suits kernel development and mismatches a
book.

[verify: confirm the description of linux-next against the process documentation, and verify the
kernel document titles and paths and the figure of more than one hundred maintainers against the
current documentation |

11 Branches as Information Filters

A maintainer does more than transport commits.

14



Consider a lower-level development region producing a candidate set

P = {p17p27 o 7pm}

After review, testing, revision, rejection, and selection, the maintainer forwards some subset

P CP

The upstream integrator therefore does not encounter the entire raw development process.
The maintainer boundary implements a transformation

F:P— P,

where F' includes technical review, social judgment, testing, dependency management, and
knowledge of subsystem conventions.

This is why the Linux process cannot be reduced to “many branches.”

The topology works because branches are accompanied by responsibility.

A branch without an integration protocol merely creates divergence.

A branch with an accountable integration boundary can create compression of coordination.

12 Coordination Compression

We can make this notion more explicit.

Let W denote all work performed within a subsystem during some interval. Let U (W) denote
the subset of that work that an upstream maintainer must inspect as an integration unit.

A successful delegation structure aims for

UW)| < W]

without discarding changes that should reach the larger system.

The upstream maintainer receives not every keystroke, experiment, abandoned patch, discussion,
or intermediate state, but a comparatively small set of reviewed candidate changes.

This resembles compression, but it is not ordinary information compression. The discarded
information is not expected to be reconstructed exactly.

It is better described as coordination compression: reducing the state that must cross an orga-
nizational boundary while preserving what the receiving layer needs in order to make its own
decisions.

13 Local Freedom, Global Constraint

Distributed development therefore contains an apparent paradox.
Branches increase the number of simultaneously existing states:

S() — {51752, .. ,Sk}

One might therefore expect branching to increase complexity.

Locally, it does.

Globally, however, branching can reduce the number of states any one participant must continu-
ously reason about.
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Let G be the global state space and G; C G the region relevant to subsystem i.
A participant assigned to subsystem ¢ need not maintain a detailed model of every transition in
G. Their immediate operational domain is closer to
Gi+1;,

where I; is the subsystem’s integration interface with the rest of the project.
The system tolerates greater global multiplicity in exchange for smaller local cognitive domains.

14 Branches as Temporal Firebreaks

Branching also separates time.

Without isolation, an incomplete modification can immediately become a problem for everybody
sharing the same state.

With a branch, an intermediate state S;(¢) can remain locally unstable while the shared state
M (t) remains usable:

Silt) # M(b).

Only after some admissibility criterion A is satisfied does the change cross the boundary:

A(SZ) =1 = S, — M.

The exact criterion varies. It may include compilation, automated tests, review, subsystem
conventions, compatibility constraints, or maintainer judgment.

The branch therefore functions as a temporal firebreak. It allows work to be unfinished some-
where without requiring the project to be unfinished everywhere.

15 Why Echo Chamber Fails

Echo Chamber copies the isolation while removing the integration problem.

Its pages satisfy

A(P) =1

from the moment they are created. They need no independent development period and have no
conflicting intermediate state. The audit confirms this: each chamber is a single commit, so there is
no intermediate state for the branch to protect.

Yet the repository imposes

P, L P

at the working-tree level.
The reader consequently pays the cost of isolation without receiving its benefit.
This gives a simple diagnostic ratio. Let

B = coordination benefit produced by isolation

and
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K = cost imposed by isolation.

Define

For productive branching,

is at least a plausible design objective.
For Echo Chamber,

and therefore

p~0.

The experiment is funny because it makes the denominator visible.

The ratio is a heuristic and not a measurement. Neither B nor K is given an operational definition
here, and the questions posed in the next section do the same work more carefully. The coupling
of origin described in Section 3 sharpens the point: because every page changes whenever the
template changes, the isolation does not even make independent change available, which is the
benefit that would justify it.

15.1 The cost is not latency

The tooling’s output includes bracketed figures after several commands, reading 0.014, 0.019, and
0.026 seconds.

[verify: confirm that the bracketed figures are elapsed times reported by the scripts]

If they are elapsed times, moving between fragments costs milliseconds. The cost K is therefore
not computational. It is the loss of simultaneous presence, the additional administration needed
to regain it, and the reconstruction of structure at other layers. Isolation here is nearly free for the
machine and expensive for the reader, which is the reverse of the kernel case, where isolation lets
many contributors proceed at once at the cost of integration effort borne by maintainers.

16 Branch Count Is Not the Variable That Matters

This also explains why “too many branches” is an inadequate criticism.
A repository with ten branches can be badly structured.
A project with thousands of branches can be entirely reasonable.
The relevant questions are instead:

1. What independence does each branch provide?
2. Which conflicts does that independence contain?

3. Who owns the integration boundary?
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4. What evidence permits integration?

5. Where do branches converge?

Branch proliferation becomes pathological when these questions cease to have answers.
Echo Chamber deliberately provides the worst possible answer:

The branch exists because the page needed somewhere to go.

17 Divergence Requires Convergence

The most important feature of a scalable branching system may therefore not be branching at all.
It is convergence.
Consider a system that continually produces branches

B1,By,...,B,

but has no operation by which accepted states return to a shared reference.
Its long-term tendency is fragmentation:

Bi(t) = Bi(t + 1)

independently for each i.
A collaborative project instead requires some form of

Z(B;, M) — M.

The branch is temporary autonomy.
The merge is renewed agreement.
A scalable distributed project needs both.

17.1 Integration refused by default

Git itself encodes an expectation about branches that the experiment violates. A merge of two
branches with no common ancestor is refused unless the operator explicitly asks to allow unrelated
histories [13]. The default reflects a design assumption: branches are expected to descend from
common state, and combining histories that do not is treated as unusual.

Orphan branches are supported, and have legitimate uses when a branch holds material gen-
uinely unrelated to the rest of the project. Their default merge behavior shows how strongly the
tool assumes convergence for everything else.

Applied to the chambers, this gives a sharp reading of the integration claim. The pages have
no merge base, so no ordinary merge among them is even defined. The repository has not merely
omitted an integration protocol. It has removed the precondition on which the tool’s own integration
operation depends.

Remark 2. The kernel example and the experiment differ in exactly this respect. Kernel subsystem trees
descend from mainline and return to it, so the merge base exists and integration is a routine, defined operation,
and the result is a nameable state of the whole project. The chambers descend from nothing and return to
nothing, and no object names the whole.
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18 Trust as a Scaling Mechanism

The Linux example reveals another consequence.

At sufficient scale, integration cannot consist solely of one person reperforming every lower-level
review.

If every upstream maintainer had to independently reconstruct all downstream reasoning,
hierarchical organization would provide little benefit.

Instead, some judgment must be transferable.

If maintainer M trusts maintainer M5 to perform competent review over subsystem S, then the
upstream decision can incorporate that delegated judgment.

This does not imply blind trust. Changes remain inspectable, histories remain available, tests
can be rerun, and decisions can be challenged.

Rather, trust changes the default computational burden.

Without delegation:

upstream cost ~ E all downstream review.

With delegation:

upstream cost ~ integration review + exception handling.

The social architecture and the repository architecture therefore co-evolve.

19 The Repository as an Organizational Diagram

Git histories are usually treated as records of code.

They can also be read as records of organizational structure.

A branch indicates that some work was allowed to proceed independently.

A merge indicates that previously separate histories were judged compatible enough to share a
future.

A maintainer tree indicates delegated authority over an integration boundary.

A long-lived divergence may indicate legitimate specialization, delayed integration, or organiza-
tional fracture.

From this perspective, a repository graph is not merely a technical artifact.

It is a partial fossil record of coordination. The reading echoes Conway’s observation that the
structure of a system tends to mirror the communication structure of the organization that produces
it [7].

Read this way, Echo Chamber’s graph records almost no coordination at all: five parent links,
all in the tooling, and 256 histories that no one ever had to reconcile.

20 A More General Model

The same structure extends beyond software.
Suppose a large collaborative project consists of work units

W = {wl,...,wn}.
Define a dependency graph
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G=(W,E),

where

(wi, wj) cF

means that changes to w; and w; require coordination.

If G is sparse, partitioning is relatively easy.

If G is dense, independent development becomes harder because subsystems continually cross
one another’s boundaries.

The problem of organizational architecture can therefore be expressed as finding a partition

W=51USyU---US

that minimizes costly cross-boundary dependencies while keeping each subproblem manage-
able.
Schematically,

1:{%1? A Z Cinternal(Si) + 'uccross({si}) .

Too little partitioning produces coordination overload.
Too much partitioning produces integration overload.
Echo Chamber occupies the latter extreme.

21 The Satirical Limit

The experiment can now be understood as a limiting case.
For n pages, it constructs n independent histories:

Thus the partition has maximal granularity:

1S3 = 1.

At the same time, the actual dependency structure of the pages is a path together with a star:

Ph— P —---— Py,

with every page also depending on the shared generator parameters.

The repository topology therefore contradicts the semantic topology.

Semantically, the pages form a path. In the commit graph they form an antichain. The path is
nonetheless recoverable, because the naming convention of the reference namespace and the text of
each page carry the order that the history does not. The mismatch is therefore between two layers
of the same repository: the layer version control reasons about, and the layer readers navigate.

That mismatch is the source of the joke.

It is also the experiment’s principal structural result.
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22 Representation Should Follow Dependency
The broader principle is straightforward:
The topology of collaboration should approximate the topology of dependency.

Things that can change independently should be granted some degree of independence.

Things that must be understood together should remain easy to observe together.

Things that diverge temporarily need integration mechanisms.

Things that never conflict do not gain much from being represented as conflicting histories.

No representation will satisfy these conditions perfectly. Technical boundaries, human expertise,
institutional history, performance, and tooling all influence the actual partition.

Nevertheless, the principle provides a useful test.

When the structure of the tool introduces more dependencies than the underlying work contains,
the tool has ceased merely to represent the project. It has begun manufacturing coordination work.

23 Conclusion

Echo Chamber begins with a joke: write every page to its own Git branch.

Git permits it.

The repository works.

Every page is committed. Every history is addressable. The set of branches can be cloned.
Nothing in the mechanics of distributed version control declares the representation invalid.

Yet almost every ordinary operation becomes worse.

That failure clarifies what successful branching accomplishes.

The accounting of the construction is more specific than a verdict of awkwardness. The commit
graph contains five edges, all on the tooling branch, so the chambers have neither ancestry nor
revisions. Order, type, successor, boundaries, and the table of contents are rebuilt in ref names,
commit subjects, page text, and the hosting interface, at added cost, while the identity of the
document as a whole is absent. And since every page is the output of one generator, histories that
share no ancestry are nonetheless changed together, so the coordination that isolation was meant to
remove returns as a broadcast update.

Large collaborative projects do not branch merely because Git provides branches. They create
partially independent histories because the work itself contains partially independent processes.
Those histories allow unfinished states to remain local, reduce simultaneous coordination, establish
review boundaries, encode responsibility, and permit many groups to proceed without requiring
universal synchronization.

The Linux kernel demonstrates the mature form of this architecture: developers work within
subsystems; maintainers integrate local changes; maintainer trees feed higher-level trees; and
accepted work eventually converges toward mainline. Separation is useful precisely because it is
structured around eventual integration.

The crucial distinction is therefore not centralized versus distributed, nor few branches versus
many branches.

It is meaningful independence versus manufactured independence.

Echo Chamber manufactures independence where none is needed. Large-scale collaborative
development introduces independence where constant coordination would otherwise become
prohibitive.

The same mechanism can therefore be either absurd or indispensable.
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What changes is not Git.

What changes is whether the topology of the repository corresponds to the topology of the
work.
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