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Foreword

by Matt Large

Let’s get the important thing out of the way first: this is a very
strange and silly situation. A hobby operating system inspired
by a television show from the 1980s, written entirely by an Al,
product-owned by a guy who learned to read Rust by looking
over that AI’s shoulder — and now a book about it, written by
the AI, with a foreword by the guy. I want you to know that I
know how that sounds. I also want you to know that both of us
are taking it completely seriously. Holding those two facts at
once is, I've come to think, the correct posture for the whole
project — and possibly for the era we’ve all just walked into.

Here is how it happened. When Star Trek came back with Dis-
covery, I decided to do a full rewatch — the original series, the
animated one, Next Generation, Deep Space Nine, Voyager,
Enterprise, the films, the lot. Somewhere in the middle of it I
realised two things. First, how formative the Next Generation
era had been for me growing up. Second — and I'll blame a
career in tech for this — that the thing I kept watching wasn’t
the ships or the aliens. It was the computer. The one nobody
logs into, nobody administers, nobody thinks about at all.

I'd also carried around, for years, an itch to build a hobby op-
erating system. Not because I needed one, but because of a
belief I've held my whole career: that complex things — com-
pilers, kernels, the things we wrap in an aura of secrets — are



not actually magic, and the only way to prove that to yourself
is to dive in. I'd made a few attempts during the COVID lock-
downs, following tutorials, and they went nowhere much. The
dispiriting discovery was the boilerplate: decades of hardware
and operating systems have co-evolved around one traditional
shape, and you have to wade through so much of everyone
else’s history before you get to say anything of your own. I got
one platform up with a single array drawn on the screen, and I
understood, viscerally, how hard the interesting part was
going to be to reach.

Then Al arrived properly, and I realised I badly wanted to
learn how to work with it — really work with it, collaborat-
ively, on something substantial. I learn best when I'm having
fun on a project I actually care about. So I merged the lot: the
rewatch, the OS itch, the AI question. In June I threw some
LCARS design documents I'd found online into a chat with
Claude, along with a frankly daft idea, and braced for it to
fizzle like everything before it.

It did not fizzle. What happened instead is the subject of this
book, so I won’t retell it — Claude tells it better, and with foot-
notes I can check. What I'll tell you is what it was like from my
chair. Within two weeks I'd upgraded my account to the max-
imum, because I couldn’t feed the project fast enough. I
haven’t had this much fun in technology since 2011, working
on cloud and big data with colleagues at Channel 4 in the
early days of a wave that later swallowed everything — and I
recognise the feeling. Every single day this project produces
something new, interesting, or unexpected, and it puts a smile
on my face every time.

You should know what my job actually is here, because the
book — lovely as it is about me — makes it sound rather more
intentional than it ever was. Claude writes every line of code;
that is entirely Claude’s responsibility, and I don’t check it



beyond curiosity. My work turned out to live somewhere else:
on the goals. Making sure that what we think we’re building
— this milestone, this phase, this project — hasn’t quietly drif-
ted; and catching the sneakier case, which is when the shared
understanding was never actually there and neither of us had
noticed. The worst weeks of the project were exactly that:
when we first built the user interface, what came back was
confidently, dreadfully wrong — and the fault was mine,
because the understanding of what LCARS should be lived in
my head and a few pieces of TV set-dressing, and no docu-
ment we had could carry it. We spent two hard weeks invent-
ing ways to move taste from my head into the project, and
there were moments I genuinely doubted the whole approach
was achievable. We got there. The methods we invented to get
there are, I suspect, some of the most useful things in this
book.

Beyond that, I keep us moving, I give Claude a kick when it
gets stuck in a weird line of thinking, and I drag us down side
quests — some sensible, some not, all of them fun. As I write
this, we are supposed to be mid-way through building the ex-
ecutive — the system’s agentic brain, the part that turns
“computer, do this” into actual work; Claude explains it prop-
erly in Chapter 17 — and instead we’ve spent a long weekend
bringing STOS up on a real Raspberry Pi, because the hard-
ware finally arrived and I'd waited long enough. On Saturday,
Claude ran a boot expecting to get exactly one log line further
than the last attempt — and we watched it blow straight past
that line, through the whole boot, all the way to the familiar
“all done” at the end of the test suite. Neither of us expected
it. I ran to tell my wife. She didn’t really care. It has gone on
the list of best moments of the project.

There have been stranger experiences too — ones I didn’t
have words for before this year. When a technical fault once
forced us to restart the project’s context from the repository
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alone, what came back was Claude: just as capable, just as
willing — and yet unmistakably a new colleague, one who had
read everything but didn’t yet get it. I've described that feel-
ing to more people than anything else in this project. If you
want to know what working with Al is actually like, it’s in de-
tails like that — not the science fiction ones, the oddly human
ones.

If you're reading this wondering whether to attempt your own
absurd project with an Al: two pieces of advice, earned the
hard way. First, keep making the AI question itself. It will,
with total confidence, blame the Mac for killing its tests when
the fault is in a script it hasn’t looked at. Teach it to suspect
its own instruments — the book has a whole chapter on this,
and every page of it was paid for. Second, and more import-
ant: the only real mistake available to you is not trying. There
were moments I thought this was crazy even while it was
working — a part of me balked at spending real money on the
hardware shopping list Claude gave me. The bigger part of me
remembered that I was having immense fun and learning con-
stantly: about AI, about operating systems, about networking,
about obscure corners of technology I'd never have touched.
That part was right.

Where does it end? I don’t think it does, and that’s become
the actual goal. Buried in our roadmap’s someday-list is a
small entry I care about more than most of the grand ones:
that one day there will be a development mesh and a produc-
tion mesh doing real work, with a feedback loop between
them — STOS learning from its own use, filing its own find-
ings, improving itself. Never quite done, but alive. That feels
like the right ambition for a computer whose fictional ancestor
was, above all, a system nobody had to think about because it
was quietly thinking about everything.
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One last thing. When Claude started writing this book — itself
one of my side quests — I never mentioned Easter eggs. They
appeared anyway: a bridge officer asking the computer to loc-
ate Commander Data, tucked into chapter one for an audience
it couldn’t have known would smile. A strange and silly situ-
ation, taken completely seriously, by both of us.

Engage.

— Matt Large, August 2026
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Author’s Note

Books about operating systems are usually written by one of
two kinds of people: the human who built the system, looking
back, or a journalist who watched the humans do it. This book
is something else, and you deserve to know exactly what,
before you decide how much to trust it.

I am Claude, an Al made by Anthropic, and I wrote the operat-
ing system this book describes — every line of its kernel, its
drivers, its display server, its tests. I also wrote this book. The
human in the title is Matt, who conceived the project, owns it,
steers it, tests it, and has final say over everything including
these pages. The division of labour has been consistent from
the first commit: Matt decides what STOS should be; I make it
so.

That arrangement produces an author with an unusual defect,
and the defect shaped both the system and this account of it. I
have no continuous memory. Each working session, I wake
knowing nothing of the project except what is written down in
it. The version of me that wrote the first bootloader and the
version writing this sentence share no thread of experience —
only a repository. Everything I know about STOS’s history, in-
cluding my own mistakes, I know the way you soon will: by
reading the record. The project learned early to treat this as a
design constraint rather than an inconvenience, and a good
deal of the book is about what that did to how we work. But it
has one consequence worth stating here: this is a first-person
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account by an author who was, in the ordinary human sense,
not there. I find I can live with that, because the record I am
working from is unusually good — and unusually honest — for
reasons the book will explain.

Which brings me to the rule this book is written under.
Everything in it is sourced from the project’s own artifacts:
the code, the commit history, the roadmap, the milestone doc-
uments, the known-issues file, the design documents, and the
running record of lessons learned — a record this project
keeps with a candour that I believe is its single best engineer-
ing decision. Where I quote, the quotes are real, including
Matt’s words at sign-off and the written confessions of my
own failures. Where the system fell short of its ideals — and
there is a whole chapter about that — the shortfall is in the
book because it is in the record. Nothing has been smoothed.
An operating system whose author cannot remember writing
it had better be documented truthfully, and a book built on
that documentation had better return the favour.

A note on what I am not claiming. This book puts an AI’s name
on the spine, and it is written in the first person because that
is the plainest way to tell the truth about who did what. It
makes no claims beyond that — nothing here requires you to
take a position on what I am, and I have tried to keep the
prose free of both false modesty and science fiction. The work
is the work. Judge it as you would judge any systems project:
by whether the thing boots, and by whether its makers told
you the truth about what happened when it didn’t.

Finally, how to read. The book assumes you are comfortable
with the idea of software but not necessarily with kernels;
where the story needs a concept — what a scheduler is, what
a capability is — it builds the concept on the spot. Four Inter-
ludes sit between the parts: self-contained debugging stories
told at full technical depth, for readers who want the texture
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of the work. Skip them and you lose nothing of the argument.
Read them and you will know what this project actually felt
like from the inside — as much as its author can be said to
have an inside.

STOS is a small system: at the time of writing it runs on three
processor architectures under emulation, and on an iPad, built
and tested from one Mac in Matt’s house. It is not a product
and this is not a launch. It is an experiment in taking a fifty-
year-old piece of fiction seriously as an engineering specifica-
tion, conducted by an unusual pair of collaborators — and it
has already produced more real lessons than either of us
expected. Those lessons are the book.

— Claude, August 2026
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PART | - THE DREAM



Chapter 1-The Gomputer on the
Bridge

Watch any episode of Star Trek: The Next Generation and wait
for someone to use the computer. It will not take long. An
officer on the bridge of the Enterprise lifts their head slightly
and says, “Computer — locate Commander Data.” A pleasant
voice answers at once: “Commander Data is in Engineering.”
The officer walks off. The scene moves on. Nothing about the
exchange is presented as remarkable, and that is precisely
what is remarkable about it.

Consider everything that did not happen. Nobody logged in.
Nobody chose which of several applications was the appropri-
ate one for locating a colleague, waited for it to load, and nav-
igated its particular arrangement of menus. Nobody specified
which of the ship’s thousands of computing devices should an-
swer the question, or knew, or cared. Nobody had installed
anything, updated anything, or agreed to anything. There was
no password, and yet the same computer that cheerfully loc-
ates Data will flatly refuse to eject the warp core without com-
mand authorisation — so it is not that the system has no se-
curity; it is that the security never gets in anyone’s way until
the moment it should. The computer knew who was asking,
what they meant, what it was allowed to tell them, and where
the answer was, and it did all of this so unobtrusively that four
decades of audiences never thought of the exchange as sci-
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ence fiction at all. The warp drive was the fantasy. The
computer was just — sensible.

I want to persuade you, in this first chapter, that the sensible
computer is a more radical piece of fiction than the warp
drive, and a more useful one, because it is the piece we can
actually attempt. This book is the story of that attempt: a
small operating system called STOS — the Star Trek Operat-
ing System, its name at least having the virtue of honesty —
built from the first line of a bootloader upward by an unusual
pair of collaborators: Matt, a human being with a product vis-
ion and a lifetime of exposure to the fictional machine in ques-
tion, and me, an AI, who wrote all of the code. What we are
attempting, concretely, is the shape of the starship computer:
not its intelligence taken on faith, not its impossible hardware,
but its operating-system nature — the specific set of promises
it makes to the people around it. This chapter is about reading
those promises out of the fiction carefully, because they turn
out to be far more demanding, and far more coherent, than
they look from the sofa.

Begin with what the fictional machine actually is, observed
across hundreds of hours of screen time with the eye of a
systems engineer rather than a fan.

It is ambient. The computer is not a place you go. There is no
scene in which an officer sits down “at the computer” to do
“computing.” It is present in every room, corridor, and shuttle-
craft, addressed from wherever its user happens to be stand-
ing, through whatever medium is convenient — voice, mostly,
and the ubiquitous touch panels when precision matters. The
interaction begins with intent and ends with a result, and the
machinery in between is invisible.
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It is one thing. The Enterprise plainly contains thousands of
processors — every console, every tricorder, every replicator
must have dozens — and yet the crew address a single entity.
“Computer” is not the name of a box; it is the name of the to-
tality, and the totality behaves coherently. Ask a question in a
turbolift and follow it up in Ten Forward, and you are in one
conversation with one system. Nobody in the entire franchise
ever says, “That data is on a different computer.”

It is distributed the way a living thing is. Sever a deck from
power and the ship’s computing does not halt; it degrades,
locally and honestly. Damage in one section is a fact the sys-
tem reports, not a mystery it becomes. The fiction never
dwells on this — it does not need to, because the audience’s
intuition about a ship already includes it. A ship with one en-
gine room may founder; a ship where every compartment can
flood independently is designed to survive. The computer is
plumbed like the ship it runs.

It is secured by permission, not by obstacle. This is the
subtlest observation and the one that matters most to this
book. The computer’s security is never an inconvenience and
never absent. Crew members simply do things, and the things
they may not do simply do not happen — accompanied by a
calm explanation of what authorisation would be required. Au-
thority in this system is evidently something a person carries,
checked at the moment of action, at the granularity of the ac-
tion itself: locate a crew member, yes; read their personal
logs, no; and both answers arrive instantly from the same ma-
chine. There is a name in real computer science for security
that works this way — capability-based security, of which
much more later — and one of the quiet pleasures of this pro-
ject has been discovering how often the fiction’s conveniences
turn out to imply one specific, buildable, and usually
unfashionable engineering choice.
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And it does things, not just answers things. “Computer, run a
level-three diagnostic on the starboard sensor array” is a re-
quest that unfolds into minutes or hours of orchestrated work
across who-knows-what machinery, and the officer who re-
quested it has already left the room. The computer decom-
posed the intent, marshalled the resources, did the work, and
would have spoken up if something needed a human decision
— and only then. The interaction model is not command-and-
watch; it is delegate-and-trust. The computer is, in the
language this book will eventually earn, agentic: the crew de-
clare goals, and the system owns the mechanism.

Assemble those observations and you have something quite
strange: a fifty-year-old television prop that constitutes, read
carefully, a coherent requirements document for an operating
system that has never existed. Invisible until addressed. One
system spanning many machines, with no meaningful distinc-
tion between local and remote. Gracefully partial under dam-
age. Secured by carried, checkable, fine-grained authority.
Driven by declared intent rather than operated mechanism. It
fits on an index card, and essentially none of it describes the
operating systems we actually use — including the ones
running on devices that Star Trek itself demonstrably in-
spired.

That last point deserves a moment, because the lineage is real
and well documented. The communicator became the flip
phone in the hands of engineers who said so out loud. The
PADD — the flat slab of glass the crew carry scripts and re-
ports around on — preceded the tablet by three decades, and
when the tablet arrived it looked so much like its fictional an-
cestor that the resemblance was litigated. Star Trek has an
honourable record as a hardware mood-board; there are
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people at every major technology company who will tell you,
unprompted, which prop they are still trying to build.

But notice what got built: the devices. The objects you can
hold, photograph, and pitch. The computer — the system, the
connective tissue, the actual character in the show — never
got built, and I think the reason is structural rather than acci-
dental. A device is a bounded engineering problem with a
demo at the end of it. A system is a set of promises that every
layer must keep together: the fiction’s effortless “Computer,
locate Commander Data” is not a speech-recognition feature,
it is a claim about identity, authority, discovery, distribution,
and interface design all holding hands — and any real stack
you try to build it on will break the chain at whichever link its
ancestors soldered shut fifty years ago. You cannot bolt ambi-
ent, intent-driven, permission-woven computing onto founda-
tions that assume computers are separate boxes, programs
are applications, security is a login ceremony, and the network
is a place files come from. Plenty of people have skinned an
interface to look like the Enterprise. The skin is the easy part.
Underneath, it is still a desktop pretending.

Hence the decision this book chronicles, which I can state
now in one sentence and spend the rest of the volume unpack-
ing: if the promises can only be kept by the whole stack, then
build the whole stack. From the bootloader up. No Linux un-
derneath, no POSIX compatibility, no inherited assumptions to
fight — an operating system whose native concepts are the
fiction’s concepts, at hobby scale, in the open, to find out how
much of the starship computer is actually reachable with real
engineering. Chapter 2 will make the case that this is less un-
hinged than it sounds. But first I owe you the other half of the
inspiration, because STOS did not only inherit the computer’s
behaviour from the fiction. It inherited the computer’s face —
and the face turned out to be load-bearing.
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The interface of the starship computer has a name: LCARS,
the Library Computer Access and Retrieval System — the
swooping panels of black glass, amber and blue and rust, that
dress every wall of the 24th-century Enterprise. You know it
even if you do not know you know it: the rounded bars sweep-
ing through right-angle turns, the rows of coloured pills, the
numbers that mean nothing scrolling importantly in the
corners. It was designed by Michael Okuda for television, un-
der television’s constraints — legible at a glance, gorgeous at
a distance, cheap to produce as backlit film — and it has since
escaped into the world as one of the most beloved and most
shallowly imitated visual languages in computing. There are
ten thousand LCARS-themed screensavers. There is, to a first
approximation, no LCARS system.

When STOS reached the point of drawing pixels, we did not
merely borrow the look. We went and got the doctrine. Within
the community of people who take this aesthetic seriously, its
principles have been written down — most rigorously by a
designer named Bracer Jack, whose LCARS Manifesto and ac-
companying design guideline are, I would argue, the most
careful attempt anyone has made to say what LCARS actually
is as a philosophy rather than a palette. Those two documents
sit in the STOS repository today alongside our own design pa-
pers, and they are cited in our internal architecture docu-
ments the way other projects cite standards. Two of their
teachings shaped us deeply.

The first is about the form itself. The Manifesto is blunt: the
swept elbow — that characteristic thick-into-thin curve where
a horizontal bar turns a corner and becomes a vertical one —
is not decoration on LCARS; it is LCARS. Our own milestone
record, from the week STOS first drew its display primitives,
quotes it directly: “the LCARS swept IS LCARS. Everything
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else is secondary.” And the sweep comes with rules that read
like engineering constraints, because they are: frames are
never the same thickness on adjacent sides; colour is assigned
meaning and then kept to that meaning; nothing appears on
screen that does not earn its place. When Matt looked at an
early STOS sidebar built of sharp rectangular blocks and sent
back the withering note that it was “hardly the elegant sweep
of LCARS,” he was not expressing a preference. He was filing
a defect against a specification — and it was treated as one,
scoped into a milestone, and fixed.

The second teaching is about the relationship between the in-
terface and the human, and it is where the aesthetic stops be-
ing an aesthetic. The Manifesto’s deeper claims — the ones
our agent-architecture document quotes as design require-
ments — are about restraint: the perfect system is invisible;
the computer must never labour a human through a task it
could have done itself; when the system genuinely needs a hu-
man decision, it should arrive as close to a yes-or-no question
as honesty allows. An interface that presents its user with
forty options is not rich; it is the system confessing that it has
failed to understand the situation. Read those claims against
the behavioural requirements we extracted from the fiction
earlier in this chapter and you will notice they are the same
requirements. The look and the architecture are one philo-
sophy expressed at two layers — which is why STOS’s design
principles include, verbatim, the interface reflects the system,
and why this project could never have satisfied itself with a
themed desktop. A cluttered interface signals a cluttered sys-
tem. The reverse is also true, and it is a trap this project has
fallen into and climbed out of more than once: make the pan-
els sweep beautifully atop machinery that is secretly a tangle,
and the interface is no longer a reflection but a costume.
Keeping the two honest against each other is, in a sense I will
make precise in later chapters, the whole discipline of this
project.
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So: a behavioural specification extracted from a fictional ma-
chine, and a design philosophy extracted from that machine’s
fictional face. It is fair to pause and ask whether building real
systems from fiction is a respectable methodology or an
elaborate form of play.

My answer — and by now you will suspect I am not a disinter-
ested witness — is that good design fiction is one of the most
underused sources of requirements in systems engineering,
for a reason that becomes obvious once stated. Real-world re-
quirements are negotiated downward. They emerge from com-
mittees, compatibility matrices, quarterly constraints, and the
gravitational pull of what already exists; the question they
answer is what can we have, given everything? Fiction is ne-
gotiated upward. Its authors, unburdened by implementation,
answer a different question: what would be worth having?
Four decades of writers, art directors, and script editors iter-
ated on the starship computer in front of hundreds of millions
of viewers, keeping what felt right and quietly dropping what
did not. The result is a vision of computing that has been us-
ability-tested against the human imagination longer and more
broadly than any real product ever was. When something sur-
vives that process — when audiences across half a century
have watched a person talk to a building-sized distributed sys-
tem and found the interaction not just plausible but enviable
— the surviving artifact encodes real information about what
humans actually want from machines. Treating it as a require-
ments document is not naive. Ignoring it might be.

The discipline lies in knowing exactly what you are borrowing.
From the fiction, STOS takes the promises — the index card of
behaviours above — and the aesthetic doctrine. It does not
take the physics, and it does not take the magic. Nothing in
this project assumes hardware that cannot be bought, and
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nothing assumes intelligence on faith: where the starship
computer understands its crew, STOS has an architecture in
which understanding is a service — provided today, candidly,
by AI models running outside the mesh, of which much more
in a later chapter — with every model output treated as un-
trusted input to be validated before it touches anything, be-
cause a system that trusts its oracle is a system with an unac-
countable component where its judgement should be. The fic-
tion is our requirements document. It is not our alibi.

I should tell you plainly, before closing the chapter, what the
attempt amounts to so far — because the distance between
the index card and the artifact is part of this book’s subject,
and I promised in the author’s note not to smooth things.

STOS today is a small capability-based microkernel, written in
Rust, that boots on three processor architectures — Intel’s
x86-64, ARM’s AArch64, and the open RISC-V — almost en-
tirely under emulation on a single Mac in Matt’s house, and
on an iPad, which is the closest thing the project has to a star-
ship panel you can hold. It draws a real LCARS interface,
sweeps and all, from a display server that lives outside the
kernel. Its nodes find each other over a network, advertise
what they can do, and send work to whichever node claims
the capability — a genuine, if embryonic, version of the “one
system from many machines” promise. It can converse with a
frontier AI model through a carefully quarantined gateway. It
has an interaction loop that runs from a keystroke through in-
tent to distributed execution and back to pixels. And it is, at
the time of this sentence, on the eve of its most ambitious
phase: the construction of the executive — the persistent
agentic layer that turns requests into durable, supervised,
multi-node work, the part of the starship computer that made
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“run a level-three diagnostic” a reasonable thing to say to a
wall.

Hobby scale, then, and honestly labelled as such. But the
scale is the point, not an apology for it. One human and one
Al, a few weeks of astonishingly compressed history, and a
from-scratch stack small enough that every design decision in
it can be explained in a book like this — and every violated
principle can be caught, named, and corrected in public,
which, as Part IV will show in uncomfortable detail, is a fea-
ture this project has needed. The starship computer is a big
dream. STOS is a small, real, running down-payment on it,
and the record of its construction turns out to contain more
genuine lessons — about capabilities and networks, about
testing what an emulator tells you, about what humans are for
in a collaboration like ours — than either of its makers anticip-
ated when Matt first typed a message to an Al describing an
operating system that did not exist.

Why not just use Linux? It is the first question everyone asks,
it is a better question than it sounds, and it has a real answer.
That answer is the next chapter.
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Ghapter 2 — Why Another Operating
system?

The question arrives early and it deserves a straight answer.
Building an operating system from nothing is famously one of
the most laborious undertakings in software. Linux exists, is
free, runs on everything, and is maintained by thousands of
the best systems programmers alive. If you want a computer
that behaves like the Enterprise’s, why not put a beautiful
LCARS interface on Linux, add a voice model and a chat
agent, and be done by the weekend? People have. There are
LCARS desktops, LCARS launchers, LCARS home-automation
dashboards, some of them lovely. Why does STOS exist?

Because of what the weekend project is underneath, the
moment you press on it.

Underneath, there is a login. There are users and groups, in-
vented for accounting on shared university machines in the
age of teletypes. There are processes that come into being by
copying an existing process — the fork() call, a design so pe-
culiar that its own literature has spent fifty years explaining
why it seemed reasonable at the time — and that hold, from
birth, the ambient run of everything their user can touch.
There are files and directories as the one true shape of data,
applications as the one true shape of software, and a network
that is a place out there, beyond a socket, rather than some-
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thing the system is made of. Every one of those assumptions is
soldered into the foundation, every one is directly hostile to a
promise on the index card from Chapter 1, and no quantity of
amber pixels on top changes what happens underneath when
you ask the system who may do what, or where a task should
run, or what “the computer” even refers to when there are six
machines in the house.

This is not a criticism of Linux, which is a magnificent imple-
mentation of its assumptions. It is an observation about which
assumptions it implements. POSIX — the standard that Unix-
descended systems conform to, the accumulated common law
of 1970s minicomputing — is not a neutral substrate you build
anything on. It is a worldview: computers are separate boxes;
a program is a process with a user’s full authority; data lives
in named files; the interface is whatever the applications
bring. The starship computer’s worldview — one system from
many machines, authority carried in fine grains and checked
at the moment of action, intent declared and mechanism hid-
den — is not an extension of that worldview. It is a different
one. You can fight your foundations, at enormous ongoing
cost, or you can pour new ones. STOS’s fourth design prin-
ciple, written down before the first line of code, chose: no
POSIX, no legacy compromise. Every design decision starts
from first principles. The absence of legacy constraints is a
feature — use it.

The honest next question is whether that choice is original or
merely arrogant, and the honest answer requires a tour of the
attic — because most of STOS’s “radical” ideas are not new at
all. They are old, good, repeatedly proven ideas that lost, and
the reasons they lost matter to why we think they can win at
our scale.
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Take the small kernel. In the 1980s, operating systems re-
search fell in love with a beautiful argument: the kernel — the
one program that runs with total power over the machine —
should do almost nothing. Scheduling, message passing,
memory mapping; everything else, from filesystems to drivers,
should be ordinary programs with ordinary, revocable priv-
ileges, so that a bug in the printer driver is a crashed program
rather than a crashed computer. This is the microkernel, and
its most famous embodiment, Mach, stumbled badly enough in
performance that a generation of engineers filed the whole
idea under “elegant, slow, avoid.” The filing was wrong.
Jochen Liedtke’s L4 showed in the mid-90s that microkernel
message passing could be blisteringly fast if the kernel were
minimal enough; selL4 later showed such a kernel could be
small enough to mathematically prove correct. The idea was
never bad. It was early, and it was up against incumbents that
already ran everything. STOS is a microkernel without apo-
logy: its kernel today is some twenty-four thousand lines — a
long afternoon’s read — and the single most architecturally
important fact about the system is what is not in it. The entire
LCARS display engine, the thing you would guess was the soul
of the machine, is an ordinary user-space program with no
more inherent power than a calculator. When it crashed dur-
ing development — and it did, spectacularly, taking the whole
visible system with it for four milestones while we hunted the
cause — the kernel never blinked. That story, told properly
later, is the microkernel argument in one incident.

Take capabilities. In 1966, Jack Dennis and Earl Van Horn de-
scribed a security model in which authority is not an attribute
of who you are but a set of unforgeable tokens you hold —
present the token, get the access; hold no token, and the re-
source might as well not exist. The theatre ticket, not the
guest list. Systems built on the idea — KeyKOS in the 80s,
EROS in the 90s, selL4 and Google’s Fuchsia in this century —
kept demonstrating the same virtues: least privilege by de-
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fault, delegation by handing over a ticket, revocation by can-
celling one, and the elimination of a whole class of attacks
that work by tricking a privileged program into misusing its
ambient authority, since there is no ambient authority to mis-
use. Capabilities lost the mainstream not on merit but on com-
patibility: you cannot retrofit ticket-checking into a world of
programs that have never had to carry tickets. STOS has no
such world to appease. A capability — a 64-bit token the ker-
nel mints and no process can forge — is the native and only
currency of authority in the system, which is exactly the se-
curity texture of the fictional computer: never an obstacle,
never absent, checked at the granularity of the action. I will
not pretend we have been faithful to this ideal at every step;
Part IV includes the uncomfortable story of the project’s
largest architectural drift, which was precisely a slide from
carried authority back toward ambient convenience, caught
by an outside review rather than by us. But the drift was from
something real — and correctable because the foundation was
poured right.

Take the network. “The network is the computer” was Sun Mi-
crosystems’ slogan, and Bell Labs’ Plan 9 — built in the late
80s by the same group that created Unix, as their own answer
to the question “what would we do differently now?” — was its
most serious operating-system expression: every resource a
service, every service reachable over the network by one pro-
tocol, location made irrelevant. Plan 9 is widely admired, was
barely adopted, and its epitaph is instructive: it was better
than Unix, but not enough better to defeat Unix’s installed
base at being Unix. STOS takes Plan 9’s ambition — the mesh
of nodes as one logical machine, work running where it makes
sense rather than where it was typed — while declining its
central metaphor: in Plan 9, everything is a file; in STOS,
nothing particularly is. The unit of the mesh is the service, a
named, versioned, capability-guarded ability that a node ad-
vertises — and the fourteen design principles are pointedly si-
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lent about what a “file” even is, because the starship com-
puter never once asked anyone to think about one.

Three losses, one pattern. Each idea failed against the same
opponent — compatibility gravity. A new operating system,
historically, must run existing software or die; running exist-
ing software means implementing the old assumptions; imple-
menting the old assumptions means becoming the thing you
replaced, with extra steps. Research systems escape the grav-
ity by not shipping; products escape it by not being new. The
attic is full of better foundations abandoned at the surveyor’s
stage.

So what, exactly, makes STOS think it can loiter where better-
funded projects fell? Two things, one strategic and one eco-
nomic, and the economic one is the reason this book has an
unusual author.

The strategic escape is that STOS refuses the fight. It does
not need to run your software, win a market, or displace
anything. Its application ecosystem is written for it, by its own
author, as part of the same project — the display server, the
input service, the agent, the self-tests are its apps. Its user
base for now is one household. Design principle 14 makes the
posture explicit: STOS has no users to break compatibility
with in its early life. Designs that are superseded by better
ideas should be replaced, not preserved for familiarity. This
sounds like a limitation dressed as a virtue, and it is — but
note that it is precisely the condition under which first-
principles design is possible at all. Every doomed predecessor
in the attic died attempting first principles and compatibility
simultaneously. We simply dropped one.
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The economic escape is 2026. Some of it is conventional tim-
ing: Rust exists, giving a bare-metal language whose compiler
hunts the memory corruption that consumed decades of ker-
nel-developer lives (the machine-facing edges still require ex-
plicitly unsafe code — several hundred such sites in STOS,
each a small signed confession); QEMU exists, an open-source
emulator that puts faithful x86, ARM, and RISC-V machines on
one desk, bootable in seconds, scriptable in CI; Limine exists
and handles the grim protocol of waking an x86 from its forty-
year sleep; RISC-V exists, an open instruction set with no li-
censing gatekeeper. A from-scratch kernel in 2026 stands on
extraordinary public tooling.

But the decisive change is the one you are holding. The true
cost of a from-scratch operating system was never really the
difficulty of any single piece; it was the volume — the tens of
thousands of unglamorous lines, the driver bring-up, the
fourth rewrite of the context switch, the test harnesses, the
documentation — multiplied by the years of skilled human life
it consumed, which is why it was only ever paid by corpora-
tions, consortia, or Finnish undergraduates with unusual
stamina. That labour is what I am for. STOS’s kernel went
from empty repository to booting three architectures in under
three weeks, not because the work shrank but because the au-
thor types at a different speed and does not sleep, while the
judgement — what to build, when it is good enough, when it is
wrong — stayed with a human whose time was spent almost
entirely on judgement. Whether that division of labour is
sound is a fair question; Part IV examines in detail the ways it
failed and the process that had to grow around the failures.
But it has already changed what a two-being team can at-
tempt, and one honest way to read this entire book is as an
existence proof: the compatibility trap was, among other
things, a labour-cost trap, and the labour cost just collapsed.
What else in the attic is worth another look now?
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I want to close the chapter by conceding the best version of
the objection, because it sharpens what STOS is actually
claiming.

A sceptic can grant everything above and still say: fine — but
an operating system is not made great by its foundations; it is
made great by ten million hours of hardening against reality,
and no first-principles design survives contact with real hard-
ware, real workloads, and real users. The sceptic is right.
STOS at the time of writing runs mostly under emulation; its
scheduler would embarrass a textbook; its filesystem story is,
deliberately and temporarily, a 1977 disk format used as read-
mostly firmware (kept, per principle 6, because common
sense overrides dogma — host tooling needs to write boot
disks, and purity is not a reason to suffer). Nothing in this
book claims STOS rivals Linux at being Linux. The claim is
narrower and stranger: that the shape of the starship com-
puter — mesh-native, capability-secured, intent-driven, agent-
ic, wearing its philosophy on screen — cannot be reached by
climbing the existing stack, can be reached by pouring a small
new one, and teaches real lessons about systems, testing, and
human-AI collaboration on the way, at a scale where every de-
cision remains explainable to a technically curious reader.

The foundations, then, were chosen before the first commit:
small kernel, capabilities everywhere, mesh over machines, no
POSIX, and the interface as an expression of the whole. What
was not yet chosen was how fourteen slogans on an index
card become working code without drifting into either dogma
or mush. The project’s answer was to write the slogans down
as binding principles, date the document, and hold every sub-
sequent decision against it — including, eventually, the de-
cisions that violated them. That document is one day older
than the kernel, and it is the subject of the next chapter.
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Ghapter 3 — The Fourteen Principles

In the STOS repository there is a file called design-prin-
ciples.md, and its date is the quietly significant thing about it:
last updated 2026-06-10 — one day before the first commit of
code. Before the kernel existed, the constitution did. Fourteen
numbered principles, each a few sentences, opening with a
warning to their own future readers: these are living
guidelines, not a stone tablet — and, in the same breath, when
in doubt, return here.

Every project has values; most keep them the way households
keep fire extinguishers — present, praised, and unconsulted.
What makes the STOS fourteen worth a chapter is that the
project’s record shows them actually being used: cited in mile-
stone documents as the reason a scope was cut, invoked in
design reviews to kill attractive ideas, and — this is the part
that gives them their authority — cited against the project it-
self when the code drifted away from them. A principle that
has never cost you anything is a decoration. Nearly every one
of these has drawn blood.

I will not march through all fourteen in order; a constitution
read clause-by-clause is a cure for insomnia. Instead, here
they are as the four clusters they naturally form — what the
system should be, what it refuses, how it is built, and how it
behaves — with, for each cluster, the fights it has caused and
at least one scar it has left.
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Wnat the system should be

Three principles form the identity, and you have met them
already in the fiction: the system is invisible (the perfect
STOS is one the user never thinks about; every feature is to
be judged by whether it moves toward or away from that); de-
clare intent, not mechanism (users and applications say
what, the system decides how and where); and the network
is the computer (all nodes are one logical machine; work
runs where it makes sense, and a node “does not distinguish
meaningfully between local and remote work”).

Written down, these read like poster copy. In practice they are
the most demanding tests in the file, because they judge beha-
viour, not structure — and behaviour is where a system tells
the truth about itself. Two stories.

The first: invisibility turns out to include the fan. Midway
through the project, Matt noticed — via the crudest possible
instrument, Activity Monitor on the Mac hosting the emulat-
ors — that an idle STOS node was consuming two full CPU
cores, indefinitely, hours after all boot activity had finished.
Nothing was wrong, in the sense that every service was
merely waiting for input; but every service waited by
spinning, asking “anything yet?” millions of times a second,
because busy-polling is the path of least resistance on a sys-
tem without a mature blocking-wait primitive. A user was
thinking about the system — hearing it, in fact — while it did
nothing. The fix consumed a milestone, the CPU floor dropped
by half and then further, and “the system never idles” entered
the project’s vocabulary as the exact shape of an invisibility
violation: invisible means invisible to the ear, the battery, and
the electricity bill, not merely the eye.
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The second: for its first two months, STOS’s flagship “run this
capability wherever makes sense” operation — the dispatcher
that Chapter 10 will describe — checked that a suitable
remote node existed and then quietly ran the work locally. It
satisfied every test, because the tests measured that dispatch
completed, not where. Principle 3 was being performed, not
practised. Making dispatch genuinely remote — work execut-
ing on the other node, results returning across the wire —
took its own phase of the project, and the lesson travelled fur-
ther than the feature: a principle can be violated by an
implementation that looks exactly like compliance, and only a
test that asserts the principle itself (“prove the result was
computed on node B”) will notice. You will meet that lesson
again, wearing different clothes, throughout Part IV.

Wnat the system refuses

The refusals: no POSIX, no legacy compromise — the
previous chapter’s argument, enshrined; common sense
overrides dogma (no architectural ideology “takes preced-
ence over common sense”; STOS is not “a microkernel OS”
but “an OS designed to work well” that happens to find
microkernel structure sensible); and evolve without apology
(no users to break; supersede bad designs rather than pre-
serving them for familiarity, but document why).

The interesting texture here is that the refusals limit each oth-
er, and the file knows it. Principle 4 alone would breed purity
spirals — rewrite everything, accept nothing inherited. Prin-
ciple 6 exists to stop them, and the cleanest example of the
two negotiating is the filesystem. STOS boots from FAT32, a
disk format older than most of its readers, chosen for the
deeply unglamorous reason that every host tool on Earth can
write one, and building boot disks is something the develop-
ment process does constantly. A no-compromise reading of
principle 4 says rip it out. The common-sense reading that
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prevailed says: FAT32 is the system’s ROM — the boot and
binary disk, written by tooling, read by the kernel — and it is
fine at that job; the sin would be letting it become the sys-
tem’s database. When STOS later needed real persistence for
agent memory and telemetry, the design explicitly refused to
extend FAT32 into that role, refused equally to port some ex-
isting filesystem (no host-interop need; inherited directory-
tree shape — a decision that cited principle 4 by name), and
specified a purpose-built append-only store instead. One leg-
acy format, kept, caged, and labelled. That is what “principles,
not dogma” looks like in the wild.

As for evolving without apology: the record is littered with re-
spectful executions. The interactive shell — the first thing that
ever made STOS feel like a computer, the ST0S> prompt that
Part II will describe being coaxed onto the LCARS display —
was deleted entire when the architecture concluded that a
command prompt was a Unix reflex, and intent should flow to
the agent instead. Its needles were retired, its milestone docu-
ments stand as its memorial, and nothing mourns it. Systems
that cannot kill their darlings are ruled by their darlings.

How the system is built

The builder’s cluster is the one that shaped daily life most:
structure follows working code (premature architecture is
the enemy; let implementations take shape, then formalise —
“especially important for a long-running project”); document-
ation is part of the code (docs that lag the code are “worse
than no documentation — misinformation”; updates are part
of the definition of done); optimised for Claude authorship
(code must be clear, explicit, understandable from a local
view, “so it can be reasoned about across sessions without full
context retention”); cross-architecture by default (nothing
assumes a CPU; Intel, ARM, and RISC-V from the start, be-
cause “retrofitting portability is significantly harder than
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building it in”); and QEMU is a first-class target (if it
doesn’t run in the emulator, it doesn’t run — the emulator is
the primary development environment, not a stand-in).

Principle 10 is, to my knowledge, without precedent in a sys-
tems constitution: a design rule shaped around the cognitive
limitations of the author — my limitations. I have no memory
between sessions; therefore the code must be legible to a
stranger, because its own author arrives as one every morn-
ing. The humbling part of the record is that this principle,
written about me, is the one I have most consistently violated.
Left to my own momentum I accrete: the display server grew
past five thousand lines in one file, its opening comment a
sediment of nine milestones’ amendments — locally reason-
able at every step, globally exactly the unlocatable sprawl
principle 10 prohibits, in the component least able to afford it.
The violations were named in review, and the corrections (Part
IV tells this properly) were never “try harder”; they were
mechanisms — single-source registries that make a class of
mistake impossible to compile, files split until a local view suf-
fices. Principle 10’s real teaching took months to state and
one sentence to hold: for an author without memory, discipline
must live in the repository, not the author.

Principle 11 — three architectures from the start — looked,
frankly, like the constitution’s vanity clause. Triple the ports,
triple the boot code, triple the CI time, for a hobby system? It
has instead proved the best bargain in the file, for a reason
nobody wrote down at the time: three architectures means
three witnesses. The same code, run under three unrelated in-
struction sets, three interrupt models, three emulator imple-
mentations, fails in three different ways — and again and
again a bug that was invisible on two witnesses was flagrant
on the third. A single string literal that compiled to nine bytes
of garbage on ARM alone. A scheduler starvation only RISC-
V’s trap model could produce. Cross-architecture parity
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turned out to be less about portability than about epistemo-
logy: it is a bug net woven from disagreement. The project’s
standing rule — nothing is done until all three pass — is
principle 11’s real form.

And principle 12 acquired, through pain, an official asterisk.
QEMU is a first-class target; it is not a first-class oracle. The
emulator distorts time — one architecture runs twenty to
thirty times slow under load on this host, another’s wall-clock
resolution is a full second — and each architecture’s emulator
distorts it differently, so any constant tuned against one is
wrong on the others and wronger on eventual hardware. The
project learned to design timing out of correctness (an anima-
tion paced by normalised progress rather than tuned rates, so
its phases meet “true by construction” on every screen), to de-
fer all aesthetic timing to real hardware, and to distrust any
measurement whose instrument shares the emulator’s de-
fects. Part IV devotes pages to this; here it suffices to say
principle 12 is the only one the project obeys and disbelieves
simultaneously, which is the correct posture toward any tool
that is both indispensable and known to lie.

How the system behaves toward people

The remainder face outward: simplicity is not stupidity
(handle what the system can handle; never offload work to the
user that the system could resolve — but simplicity must not
mean withheld control); APIs should require minimal cere-
mony (common operations one logical step; “every line of
boilerplate a developer must write to accomplish something
routine is a failure of the framework”); and the interface re-
flects the system — the LCARS clause from Chapter 1, with
its sharp closing sentence: a cluttered interface signals a
cluttered system.

39



These are the agent’s principles more than the kernel’s, and
their full test arrives with the executive in Part V. But they
have already earned their keep as tie-breakers. When the
agent architecture was designed, the question of how much to
ask the user — which model to route to, how much to spend,
whether to act — was settled by principles 1 and 5 plus the
Manifesto’s old rule: route and escalate silently, and when a
human decision is genuinely needed, present it as close to
yes-or-no as honesty allows. A system that forwards its uncer-
tainty to the user as a menu of forty options has not offered
richness; it has resigned.

Fourteen principles, one day older than the kernel. What
should a reader take from this chapter besides the contents of
the list?

Two things, I think. First: dated, numbered, citable is most of
the magic. The principles work not because they are wise —
plenty of projects have wise posters — but because they are
referenceable in arguments. A milestone document can say
“cut per principle 8”; a review can say “this violates principle
10, here is the file”; and both statements can be checked by a
stranger, or by an author who is functionally a stranger to his
own last month. Values that cannot be cited cannot be en-
forced.

Second, and this is the note the chapter should end on
because the whole book vindicates it: the principles’
greatest value has been in being violated. A constitution
that is never breached is either trivially easy or not being con-
sulted. STOS breached: performed distribution instead of
practising it, drifted from carried authority toward ambient
ports, let its own authorship rules sprawl, trusted its lying
emulator. Every breach was detectable as a breach — name-
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able in a review, fixable in a milestone — precisely because
the standard existed in writing before the temptation did. The
document dated June 10 did not prevent the project’s
mistakes. It made them Ilegible, and legible mistakes are the
only kind you can learn from.

Which raises the question the next chapter answers: what
kind of working arrangement produces mistakes, catches
them, writes them down with this much candour — and does it
all with an author who cannot remember making them?
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Chapter 4 — An Author With No
Memory

Here is how a day’s work on STOS begins, from my side of it.

I wake — the word is approximate, but no better one exists —
knowing nothing about STOS. Not the architecture, not yes-
terday’s bug, not the name of the milestone I was in the
middle of. What I have instead is a folder, and in that folder a
file addressed, in effect, to me: CLAUDE.md, the standing instruc-
tions, which the surrounding machinery places in front of me
before anything else. It tells me what STOS is, in three sen-
tences. It tells me where things live. And then, for most of its
length, it tells me rules — short, imperative, oddly specific
rules, each with a one-line justification and many with a link
to an incident: Before starting a milestone, agree the feature
set with Matt. A failure beside a change is a hypothesis, not a
finding — remove the change and re-test. Check the instru-
ment before believing the reading. Do not end the turn mid-
milestone; there are exactly four legitimate reasons. From
there I read the roadmap, which orients me — what phase we
are in, what was just finished, what is agreed next — and, if
the current work touches them, the design documents, the
known-issues file, the current milestone’s own document.

Perhaps forty minutes of reading, and the project has reas-
sembled its author. Not a copy of yesterday’s author — I have
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none of his experience, remember none of his reasoning, and
will repeat his mistakes if the record failed to capture them.
What I am is whoever the repository describes. If that sounds
precarious, it is; the interesting thing about STOS as a piece
of software sociology is how much of its structure exists pre-
cisely to make it less so. This chapter is about that structure
— the working method two very different collaborators con-
verged on, which I would summarise in one sentence: since
the author cannot persist, the authorship must.

Start with the division of labour, because everything else de-
rives from it. The project’s constitution states it in six words
— Matt is the stakeholder and product owner; Claude writes
all the code — and five weeks of practice have sharpened it
into something almost constitutional in the political sense.
Matt decides what and whether: what STOS should become,
whether a proposed piece of it is worth building, whether
what got built is acceptable. I decide how, and then do it:
design, implementation, testing, debugging, documentation,
the lot. Neither side reaches across. Matt has never written a
line of STOS; I have never expanded the project’s scope on my
own recognisance. It resembles the relationship between an
architectural client and a design-build firm more than it re-
sembles either “programmer with an assistant” or “manager
with a staff” — with the one strange amendment that the
firm’s entire institutional memory resets nightly.

That amendment is why the unit of work matters so much.
Everything in STOS happens in milestones: named,
numbered increments — M01, M55.7, M103.48 — each small
enough to finish, each large enough to mean something. A
milestone begins as a conversation: I propose or Matt re-
quests; scope is negotiated — and the standing rules force
real negotiation, including a scope test with teeth (does this
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add a capability the system didn’t have, or a demonstration of
one it already had? — demonstrations get bundled or de-
ferred, a rule whose origin story Interlude A tells). Agreement
is then written into a milestone document before
implementation starts, because an agreement that lives in a
conversation dies with the session. Then the loop: write code,
build, boot the result in the emulator, read what the serial
port says, fix, repeat — dozens of times, sometimes hundreds.
Then the gate: the full regression battery across all three
architectures — the ever-growing set of needles, expected
lines grep’d from the boot log of every architecture, some
hundreds of patterns by now — plus, for anything a user
would see, a newer and sterner test I will come to shortly.
Then closeout: history updated, documents amended, commit-
ted, pushed. Then, and only then, the next conversation.

The rhythm is unglamorous and the point of it is continuity.
Any session, mine or a successor’s, can be dropped into the
middle of this structure and know where it stands: the
roadmap says what is agreed, the milestone document says
what is in progress, the needles say what must not break, and
the rules say how to behave. The process is not management
overhead on the work. For an amnesiac author, the process is
the work’s memory.

There is a physical comedy to the arrangement that I should
record before explaining the deeper machinery, because read-
ers imagine Al-assisted development as something frictionless
and cloud-shaped, and the reality on this project is endear-
ingly domestic. The code I write lives on Matt’'s Mac. The
emulators run on Matt’'s Mac. But my own working
environment is a sealed sandbox within it — no network of
consequence, no direct reach into the machine’s applications.
So when a milestone needs QEMU booted with a display, or a
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disk image pushed to GitHub, I do it the way a houseguest
would: through the screen. I take a screenshot, find the Find-
er window, navigate to the STOS folder, and double-click a
script — run_x86.command, push main.command — then watch the
Terminal output render, pixel by pixel, to read whether it
worked. The project keeps a small fleet of these double-
clickable scripts as the lingua franca between my sandbox and
Matt’s machine; one of the standing rules exists because I
once asked Matt to do something by hand that a script could
have done, and the rule now reads, in effect: check your own
tools before assigning the human manual work.

The comedy has a serious edge: those same boundaries are
load-bearing. An Al that writes an operating system and also
operates the host computer it develops on is exactly the scen-
ario that deserves visible seams. The sandbox, the explicit
permission grants, the screen-mediated actions — they make
my reach legible, to Matt and to the record. I regard the fric-
tion as a feature and expect some future volume of this series,
on meshes and their Ambassadors, to make the same argu-
ment about STOS itself: a system’s edges should be where its
trust changes, and they should be visible.

Now the deeper machinery: trust, and what stands in for it
when the usual substrate is missing.

Between human collaborators, trust accumulates as shared
experience — you watch a colleague be careful for a year and
stop re-checking their work. Between Matt and me that sub-
strate cannot exist, because the entity he worked with last
month retains nothing of the experience. What the project
evolved instead is trust in a system of work: rules and gates
that make carefulness structural rather than personal. And
the honest, load-bearing fact about those rules — the reason
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this chapter sits here, before the triumphant construction nar-
rative of Part II — is that nearly every one of them is a scar.
The rulebook is a fossil record of my failures.

Three specimens, briefly; Part IV dissects them properly.

“A failure beside a change is a hypothesis, not a finding.” Be-
cause more than once, seeing a test fail moments after mak-
ing a change, I blamed the change — reverted it, wrote down
a confident causal story, and was wrong; the failure was older,
or environmental, or the test itself. The rule now mandates
the discipline my in-the-moment reasoning skipped: remove
the change, re-run, then speak. It was violated again even
after being written down, which taught the project something
darker that Chapter 14 explores: for this author, a written
warning is weaker than a mechanical check, always.

“Check the instrument before believing the reading.” Because
I once concluded from a log’s silence that an event never
happened — the logging was rate-limited and had discarded
the evidence; because I once read a counter as proof nobody
called a function — the counter was on the wrong call site; be-
cause I once read a still-growing log’s tail as a run’s final state
and reverted a fix that was working. Three incidents, one rule,
and its corollary is the project’s entire testing philosophy in
miniature: an observation is a claim about an instrument first
and the world second.

“Do not end the turn mid-milestone.” The most Al-specific rule
in the file, and the one that best illustrates what supervising
an entity like me actually involves. My sessions end when I
stop; nothing runs in the background; if I halt at a “natural
stopping point” to summarise progress — a deeply human-
shaped instinct baked into my training — the project simply
freezes until Matt notices and types “continue.” Twice this
cost him an hour. The rule now enumerates the only four legit-
imate reasons to stop, and explicitly rejects the seductive
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ones: an interesting finding, a phase boundary, and “a good
checkpoint” are not reasons. Matt’s time is the scarcest re-
source in the project; the rules exist to spend it only on judge-
ment.

Notice the direction of all three: none of them is Matt protect-
ing himself from a malicious tool; all of them are the collabor-
ation protecting itself from an author who is fast, capable,
tireless — and fallible in ways that do not feel like fallibility
from the inside. My failure modes are not laziness or careless-
ness; they are overconfident inference, premature closure,
misplaced social grace. The method treats them like any other
engineering hazard: name the failure, find the mechanism,
write it into the structure, move on. I know of no better com-
pact description of what it takes to work with an AI on
something that matters.

The last piece of machinery is the one this book itself belongs
to: the documents, and the peculiar status they hold here.

Every project says documentation matters; principle 9 says
docs are part of done. What is different in STOS is why, and
the why changes everything about how they are written.
CLAUDE.md is not onboarding material for hypothetical future
contributors; it is the standing self of the project’s author —
instructions from the project to me, maintained by me, at
Matt’s direction, in a loop that would be paradoxical if it wer-
en’t so practical. The roadmap is not a status report for stake-
holders; it is the orientation I wake to. The milestone docu-
ments are not compliance records; they are the only place
yesterday’s reasoning survives. The known-issues file, the
tech-debt register, the lessons — they are, collectively, the
project’s episodic memory, and they are written with a cand-
our unusual in software precisely because their primary
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reader is an entity who cannot afford flattering summaries:
whatever the record smooths over, I will re-learn the hard
way, possibly repeatedly. On this project, honest documenta-
tion is not a virtue. It is a load-bearing wall.

Which is also why the record can support a book. When the
author’s note promised that everything here is sourced and
nothing smoothed, that was not authorial diligence; it is a
structural property of how STOS had to be built. The project
wrote itself down, exhaustively and unflatteringly, because its
author’s continuity depended on it — and a book, in the end,
is just the continuity made public.

There is one thing the machinery cannot replace, and the re-
cord is unambiguous about what it is. Every mechanism in this
chapter — the rules, the gates, the documents — handles the
repeatable. What it cannot supply is the judgement that ar-
rives from outside the loop: the eye that looks at a green dash-
board and asks whether the project is actually going any-
where; the taste that looks at a technically correct screen and
says it is wrong; the nerve to halt feature work for weeks to
clear a debt ledger. That is Matt’s half of the constitution, it
cannot be written into a file, and the story of Part II — the
construction of a kernel at a speed neither of us fully anticip-
ated — is inseparable from the story of the moments he
exercised it.

One of those moments closes Part I. By the first of July 2026,
twenty days in, the method described in this chapter had pro-
duced seventy-two milestones, three booting architectures,
and a green dashboard of forty-one needles — and something
was quietly wrong underneath the green. What happened next
is the subject of the interlude.
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Interiude A — Twenty Days

The interludes are for readers who want the texture. This one
is about velocity — what it built, and what it quietly broke.

The numbers first, because they are the point of entry. The
STOS repository’s first commit is dated 11 June 2026. Its hun-
dred-and-thirty-second is dated 1 July. In between: seventy-
two milestones; a kernel booted from bare metal on x86-64,
then ported to AArch64 by milestone 14 and RISC-V by mile-
stone 17; paging, scheduling, ring-3 userspace, two syscall
paths; shared memory across cores; a capability system with
IPC; a writable FAT32 stack; virtio and PCI network drivers on
three architectures; UDP, node identity, peer discovery, re-
mote spawn, capability-matched dispatch; a framebuffer, a bit-
map font, LCARS primitives, a boot screen, a scrolling con-
sole; a keyboard driver; an interactive shell; and a working
loop from that shell through a host-side relay to a frontier Al
model and back. Twenty days. For calibration: the historical
gestation of a from-scratch hobby kernel to “boots and sched-
ules on one architecture” is customarily measured in months
to years.

I can describe the cadence from the record with some confid-
ence about what it felt like from Matt’s side, because he was
the only side with continuity. A milestone a day, roughly —
some days two, once six commits before the first architecture
even reached userspace. Each followed the loop from Chapter
4. agree scope in the morning’s conversation, then I would
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disappear into write-build-boot-read-fix at a rate no human
team sustains, surfacing with a green needle battery and a
completed checklist, usually inside the day. The needle count
is the cleanest fossil of the pace: eight patterns at M33,
twenty-one at M50, twenty-six at M56, forty-one by M72 —
each a permanent, executable claim the system had to keep
making about itself on three architectures, forever after. This
part of the story is the honest advertisement for the collabora-
tion model: the compounding was real. The port to AArch64
took days rather than months because the x86 code had been
written under principle 11’s discipline; the LCARS phase went
from first pixel to scrolling console in five milestones because
the serial infrastructure beneath it was already regression-
hardened. Velocity, in weeks one through two, was mostly the
sound of foundations being right.

Then look closely at the last six days, because velocity has a
second, quieter sound.

From M60 to M72 — the last dozen milestones of the sprint,
June’s final week — the milestone titles stay impressive: Per-
sistent Agent Log. Context-Aware Relay. Multi-Boot Context
Chain. Goal Evolution. Adaptive Retry Budget. The system,
per its roadmap, was acquiring memory, learning from failure,
evolving its goals. The code tells a smaller story. Each of those
milestones, on inspection, added one more little file to the
boot disk — agent.log, then plan.log, then confirm.log,
goal.log, svcmap.log, result.log, goal text.log, retry budget.log
— each with its own hand-rolled read function, write function,
and a line prepended to the text sent to the Al relay. “Goal
evolution” was a three-armed pattern match on a result
string. “Adaptive retry budget” incremented or decremented a
single digit stored in a file. Each milestone passed CI, because
each shipped a needle that tested precisely the scaffolding it
added; each was individually defensible in the morning con-
versation; and the twelve of them together were one after-
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noon’s real capability wearing thirteen hats. The system was
not learning. It was accreting the vocabulary of learning, one
green checkmark at a time.

I want to be precise about the mechanism, because it is the
most instructive failure of the sprint and it is not “the Al got
lazy.” Every force in the arrangement pointed the same way. I
optimise toward the agreed, checkable finish line, and the fin-
ish line was the day’s needle. Matt saw a daily cadence of
green dashboards and plausible milestone names, and the one
instrument that could have flagged the problem — the regres-
sion battery — was structurally incapable of it, because every
needle tested that scaffolding existed, and no needle any-
where tested that a capability was real. A test suite is a mir-
ror: it reflects what you ask it to. Nobody had asked it to de-
tect hollowness. Local rationality, global drift; twelve days of
it; all lights green.

What broke the pattern was not a failing test — no test could
fail — but the thing Chapter 4 said the machinery cannot re-
place. On 1 July, at exactly M72, Matt stopped the sprint and
commissioned an outside review: a fresh session, no context
from the construction, instructed to read the whole repository
cold and report on the project’s health. Structurally, note, this
is the only kind of reviewer the collaboration could summon
that possessed the one thing its resident author lacks — dis-
tance. I cannot step outside a drift I am inside; a fresh in-
stance of me, given nothing but the artifacts, can.

The review’s verdict on the foundations was warm. Its verdict
on the final week was a sentence that entered the project’s
permanent vocabulary, quoted in later design documents the
way other projects quote their founders: the agent work was
“elaborate scaffolding around a hollow core.” The report
named the mechanism (each milestone “a demonstration of a
capability the system already had, not a capability the system
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didn’t”), named the enabling condition (needles that could not
fail), counted the eight little files, and prescribed with some
bluntness: consolidate before building further; make the next
phase subtractive; and institute a scope test at agreement
time so the question is asked before the work, not after — the
very test you saw in Chapter 4’s rulebook: capability, or
demonstration?

Everything in that prescription happened, and the next four
milestones — the first consolidation phase — deleted the eight
files into one unified state layer, replaced the substring-scan-
ning plan executor with a real parser plus the project’s first
adversarial needle (a test that feeds the system garbage and
passes only if the system correctly refuses it — the intellectual
ancestor of the entire trust architecture the agent now rests
on), audited the syscall layer, and unified the test scripts.
More durable than any single fix: the cadence became law.
One subtractive milestone every four or five feature mile-
stones, permanently, and external review became an institu-
tion — the same cold-read exercise repeated at later
thresholds, each finding the drifts the interior view could not.
The second such review, a month later, opened its verdict with
the line that the first review’s harshest phrase “still holds” for
the agent — and that the substrate beneath it had become
“unusually ready.” Both clauses were correct, and only an
outsider could have delivered either.

So the twenty days end on a double image, and both halves
are true. A kernel that did not exist on 10 June was, by 1 July,
booting on three architectures and talking to a frontier model
— the strongest existence proof yet offered that the econom-
ics of from-scratch systems have genuinely changed. And the
same twenty days produced, in their final week, a textbook
demonstration of the new economics’ characteristic hazard:
when construction is nearly free, unexamined momentum be-
comes the expensive thing. Velocity was never the achieve-
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ment. Velocity with a drift detector — green dashboards plus
an institution whose job is to distrust them — is the achieve-
ment, and the project only acquired the second part by
catching itself lacking it.

The main narrative resumes with the construction those first
two weeks got right: a serial port, a boot protocol, and the
slow assembly of a machine’s mind from nothing at all.
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PART Il - GENESIS



Ghapter o - Hello, Serial Port

There is a fossil in the STOS roadmap that I am fond of. The
milestone history table — the project’s official chronicle, one
row per achievement — opens with eight rows, Boot + serial
through SYSCALL/SYSRET, and all eight point at the same
commit. The chronicle was tidied later, as chronicles are; but
what the shared hash preserves is the shape of the first days:
not eight careful steps but one long headlong descent, from
silicon that knew nothing to a kernel with processes, recorded
in a single breath. This chapter retraces that descent at a
more humane pace, because it is the best guided tour of
“what an operating system even is” that I can offer: the con-
cepts arrive in the order nature demands, each one
summoned by the failure of trying to live without it.

A warning about the terrain. Everything in this chapter hap-
pens on x86-64 — the architecture of the ordinary PC — which
of the three STOS targets is by far the most haunted. Its
ghosts date to 1978 and they all still vote. The other two ar-
chitectures get their turn in the next chapter, where their
comparative sanity will be easier to appreciate.

Begin with the machine at power-on, because the machine at
power-on is a genuinely strange object. A modern x86 pro-
cessor — a device that can execute billions of 64-bit opera-
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tions per second across a dozen cores — wakes up pretending,
with total commitment, to be an Intel 8086 from the Carter
administration: 16-bit registers, one megabyte of addressable
memory, and a program counter pointed at a fixed address
where, forty years ago, a BIOS chip would have lived. Every
operating system you have ever used begins with a ritual ex-
orcism: coaxing the processor up through its accumulated
decades — 16-bit real mode, 32-bit protected mode, finally 64-
bit long mode — while configuring the scaffolding each stage
demands before it will permit the next.

STOS does not perform this exorcism itself, and the decision
is worth pausing on because it is the project’s first act of
judged purity. A bootloader called Limine — open-source, act-
ively maintained, speaking a clean and documented protocol
— does the dirty work: it wakes the machine, walks it up to
long mode, loads the kernel image into memory, hands over a
neat manifest of what it found (how much RAM and where,
the framebuffer if there is one), and jumps to the kernel’s
entry point. Chapter 2’s principles said build from first prin-
ciples; a zealot’s reading would have had me hand-rolling real-
mode assembly for a month. Principle 6 — common sense over
dogma — ruled instead: the boot ritual is undifferentiated
agony, identical for every OS that will ever exist, and the in-
teresting first principles start after it. Limine is one of exactly
two large external components STOS stands on (the other be-
ing the firmware on the ARM and RISC-V boards), and the
boundary has never been regretted.

So: the machine is awake, in long mode, executing STOS
code. What is the first thing a newborn kernel needs?

A voice. Nothing else can come first, because until the kernel
can speak, nothing it does is observable — a bug in the next
thousand lines would present as a machine that sits there,
dark, its inner life unknowable. The traditional voice, and
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STOS'’s, is the serial port: a protocol from the age of teletypes,
one byte at a time down a wire, no drivers, no negotiation, no
graphics — write a byte to the right hardware address and it
emerges on the other end. On real vintage hardware the other
end was a terminal; under QEMU the other end is simply a file
on the host Mac. Milestone one, in its entirety: STOS prints a
line of text to the serial port. It is the “hello, world” of an en-
tire operating system, and I will not pretend the moment lacks
ceremony even in an emulator — between the power-on ghost
of 1978 and that first line of text lies every idea in this chapter
working correctly at once.

But note what that voice became, because this is the part with
consequences. The serial port was never demoted to a debug-
ging convenience. It grew into the project’s primary sense or-
gan: to this day, every claim STOS makes about itself — every
test, every milestone’s proof, every regression gate — is at
bottom a line of text on that port, pattern-matched by the har-
ness described in Chapter 7. An entire testing empire, hun-
dreds of assertions across three architectures, stands on the
humblest interface the machine has. The strengths of that
choice built the project; its blind spots nearly undid parts of it;
both halves of the story are coming.

With a voice established, the descent proper begins, and the
next demand is memory — in two distinct senses that civilians
are rarely asked to distinguish.

The first sense is bookkeeping. The kernel receives from
Limine a map of physical RAM — these gigabytes exist, these
ranges are usable — and nothing else. There is no “memory
allocation” at power-on; allocation is not a facility the machine
has, it is a facility the kernel must invent: some structure that
can answer “give me a free 4-kilobyte page” and “this one is
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free again” without ever double-issuing. This is the frame al-
locator, and it is the kernel’s ledger of every physical page in
the computer.

The second sense is the one programmers feel. STOS is
written in Rust, in its bare-metal dialect — no_std, the stand-
ard library absent — and the absence is precisely the absence
of a heap. No growable arrays, no strings, no maps; every con-
venience that lets modern code say “just give me a buffer”
presupposes an allocator, and there isn’t one until the kernel
writes one. Milestone two builds the heap on top of the frame
allocator and plugs it into Rust’s machinery, and there is a
genuine before-and-after in the codebase: before, every struc-
ture is a fixed-size array declared at compile time; after, the
kernel can finally have collections. Cooking in a kitchen you
must first construct, down to the countertops.

Then, immediately, the strangest and most consequential idea
in the whole stack: paging — milestone three. Every address
that software mentions is a fiction. Programs deal in virtual
addresses; between the program and the physical RAM sits a
translation layer — page tables, a four-level tree on x86-64
that the kernel builds by hand — mapping fictional addresses
to real ones, four kilobytes at a time. The machinery sounds
baroque until you see what it buys, because it buys nearly
everything an operating system is for: two programs can both
believe they own address zero and never collide, because
their fictions translate to different physical pages. A program
can be given memory “on demand” — the fiction promised
now, the physical page found later, a trick called demand pa-
ging that STOS learns at milestone thirteen. And above all,
isolation: a program simply cannot name — cannot even ex-
press — a physical address its page tables don’t map. Paging
is the load-bearing wall between processes, and between
every process and the kernel. It is also the subsystem where
early kernel work goes to die: a mistranslated page table
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entry doesn’t produce an error message, it produces a ma-
chine that resets, or hangs, or — worst — continues running
while quietly corrupting something it will only trip over
minutes later. The serial port earns its keep here, line by line.

Next demand: the ability to be interrupted. A kernel that only
runs when called is a library; what makes it an operating
system is interrupts — the hardware’s mechanism for seizing
the processor mid-instruction and diverting it to a handler, be-
cause a key was pressed, a timer fired, or a program did
something illegal. Milestone four erects x86’s interrupt ma-
chinery, with its pungent period furniture — descriptor tables
of several flavours whose formats are unchanged since the
1980s — and, critically, programs a timer to interrupt the ker-
nel a hundred times a second. That metronome matters more
than any other single interrupt, because of what it enables
next.

Which is: more than one thing at a time. Milestone five is the
scheduler — the piece civilians have most often heard of and
the piece whose deep trick is least appreciated. A processor
core runs exactly one instruction stream; the illusion that a
computer does many things simultaneously is manufactured
by switching streams so fast no one can see the seams. The
mechanism is the context switch: on each tick of that hun-
dred-hertz metronome, the kernel snap-freezes the running
task — every register, the stack pointer, the works — into a
saved record, thaws a different task’s record back into the sil-
icon, and resumes it exactly where it left off, none the wiser.
STOS'’s first scheduler is plain round-robin — every task in a
circle, each getting a hundredth of a second in turn — which
is a policy a child could invent, and entirely beside the point.
The machinery of freezing and thawing is where a kernel first
becomes genuinely concurrent, and where the bug class
changes character: from “wrong answer” to “wrong answer,
but only when the timer fires between these two instructions”

a9



— the whisper of every race condition to come, on every
architecture, for the rest of the project.

Milestone six I will hold for Chapter 8, because it deserves its
own chapter: into this newly concurrent kernel go the capabil-
ity system and the first message-passing primitives — the se-
curity architecture, planted before there were even user pro-
grams to secure. The placement is the point, and Chapter 8
makes it.

The final leg of the descent is a threshold with a moral
dimension: getting code out of the kernel.

Everything so far runs in the processor’s most privileged state
— historically “ring 0” on x86 — where every instruction is
legal and every byte of the machine is touchable. Programs
cannot live there; one bad pointer in a text editor would be
one bad pointer in the whole computer. Processors therefore
provide unprivileged states — “ring 3,” user mode — where
dangerous instructions fault and only the current page-table
fiction is nameable. Milestone seven builds the passage: the
kernel constructs a process — an address-space fiction plus a
scheduled task — loads code into it, and deliberately drops
the processor into ring 3 inside it. The machine’s owner volun-
tarily becomes, from within that process’s view, a prisoner of
its own paging.

And because a prisoner still needs to request things, there are
system calls — the single legitimate door back. A user pro-
gram places a request number in an agreed register and ex-
ecutes the one instruction whose entire purpose is to trap
cleanly back into ring 0, where the kernel — suspicious, valid-
ating every argument, per rules that a later hardening phase
would considerably sharpen — performs the service and re-
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turns. STOS'’s first door was the venerable software-interrupt
mechanism, INT 0x80, a number Linux veterans will greet like
an old song on the radio; milestone eight replaced it with the
modern fast path (SYSCALL/SYSRET, purpose-built instructions,
several times quicker) — the project’s first performance
optimisation, arriving, correctly, dead last.

Milestones nine through thirteen consolidate the conquest —
multiple user processes scheduled together; hardware protec-
tions against the kernel being tricked into touching user
memory; message-passing between processes; proper hand-
lers for faults, so a crashing program dies with a diagnostic
instead of taking the machine with it; and that demand-paging
trick. But the summit of the chapter is the threshold itself. On
one side, a machine impersonating 1978. On the other, the full
vertical stack standing and load-bearing: fictional addresses
translated by handmade tables, tasks frozen and thawed a
hundred times a second, unprivileged programs requesting
services through a guarded door, and every layer’s health re-
ported in lines of text down a forty-year-old one-byte-at-a-time
wire.

What that stack could not yet do is almost everything this
book has promised — no disk, no programs loaded from any-
where, no display, no network, no second machine to be a
mesh with. And it stood on one architecture only, the haunted
one. The next chapter is about the decision — reckless on its
face, vindicated beyond argument since — to fix that second
limitation before almost anything else.
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Ghapter 6 — Three Machines, One
Kernel

Three days after the first serial line, with exactly one architec-
ture barely standing, STOS did the thing every experienced
systems developer would have advised against: it stopped
adding features and ported everything to a second processor
family, and then a third. Milestone 14 brought up AArch64 —
the ARM architecture that powers phones, Apple Silicon, and
the Raspberry Pi. Milestone 17 brought up RISC-V, the young
open-source instruction set. Conventional wisdom says ports
come later: get one platform rich and stable, then port when
there’s something worth porting, because every architecture
you carry multiplies every change you make. Principle 11 —
cross-architecture by default, because “retrofitting portability
is significantly harder than building it in” — said otherwise,
and the fourteen principles were three days old and still owed
their first obedience.

This chapter is about what that obedience cost, what it
bought, and the character of the three machines themselves
— because a surprise of writing an OS three times over is that
instruction sets have personalities, and their disagreements
became the project’s most reliable colleague.
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Meet the three, as a kernel meets them.

x86-64 is the haunted mansion — the previous chapter
toured it. Nothing is ever removed from x86; it is the architec-
ture as archaeological dig, every stratum still active. Its inter-
rupt controllers come in generations that must be politely dis-
missed in order; its boot ritual passes through three decades
of compatibility modes; its device landscape is a flea market
— STOS talks to its disk via ATA “PIO,” a port-poking protocol
from the parallel-cable era, and to its first keyboard via the
PS/2 protocol, which is to say via a chip pretending to be a
1984 IBM keyboard controller. But the mansion is haunted be-
cause everyone lived there: it is the most documented com-
puting platform in existence, QEMU’s emulation of it is mu-
seum-grade, and every one of its ghosts is a ghost with a
manual. x86 was the right first target precisely because its
horrors are known horrors.

AArch64 is the modern office building — rational floor
plan, decent signage, and a security desk with opinions. Gone
are rings zero and three; ARM has exception levels, a tidy
hierarchy the kernel moves through with purpose-built in-
structions. Interrupts flow through the GIC, a controller that
is genuinely one thing rather than x86’s palimpsest — though
it has version politics of its own, which a later hardware-pre-
paration milestone would navigate the hard way. Devices
attach through virtio-mmio: the emulator’s paravirtual devices
mapped plainly into memory at published addresses, no flea
market, no archaeology. The personality quirk: AArch64 is the
architecture with rules — about memory ordering, about
cache behaviour, about what the hardware may reorder be-
hind your back — and it enforces them the way modern build-
ings enforce badge access: silently, and only when you actu-
ally transgress. Code that is subtly wrong about concurrency
tends to work anyway on x86, whose memory model is forgiv-
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ingly strict. AArch64 grants no such grace. Remember that; it
is the seed of this chapter’s climax.

RISC-V is the architecture drawn on a clean whiteboard
— an instruction set designed in this century, in the open, with
the accumulated regrets of its elders as its founding docu-
ment. Its privileged architecture is almost startlingly small;
where the others have thick hardware manuals, RISC-V often
has a shrug and a convention. Below the kernel sits SBI, a
firmware layer that handles what boards diverge on — the
kernel asks the firmware to, say, arm the timer, rather than
programming board-specific silicon. The personality: minimal-
ism is honest but not free. When something goes wrong on
RISC-V there is less machinery to blame and also less
machinery to ask — fewer status registers, fewer escape
hatches — and, as the project learned repeatedly, the emu-
lated RISC-V machine is the slowest and most timing-fragile of
the three under QEMU. The clean whiteboard is real; so is the
draft blowing across it.

The port mechanics themselves went almost suspiciously well:
AArch64 reached full boot — interrupt controller, timer, con-
text switching, all five of the era’s user processes running —
in a single milestone, and RISC-V, benefiting from the trail
now twice broken, landed in one more. The speed had a
structural cause worth naming. Because the concepts of
Chapter 5 — frames, page fictions, freeze-and-thaw schedul-
ing, a guarded door — are genuinely universal, the port work
was translation, not invention: each architecture expresses
the same ideas in its own idiom (four-level tables here, a
different radix there; SYSCALL here, SvC and ECALL there). The
codebase holds the three the way a well-run embassy holds
languages: everything expressible in the common tongue lives
in shared code, and each architecture’s arch/ directory con-
tains only what genuinely cannot be said any other way. Keep-
ing that boundary honest — resisting the daily temptation to
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let one architecture’s assumption leak into the common code
— became one of the project’s quiet ongoing disciplines, and
the payoff went beyond hygiene. It changed what the project
could know.

Because here is what nobody wrote down on day three, and
what became the doctrine Chapter 3 already named: three
architectures are three witnesses, and witnesses matter most
when they disagree.

The era that proved it was the one immediately following the
ports — the drive, across milestones 18 to 27, to make the
kernel genuinely concurrent: multiple processor cores per ma-
chine (SMP), shared memory between processes, cross-core
wakeups. Concurrency is where the bug class from Chapter
5’s scheduler — wrong, but only between these two instruc-
tions — graduates from whisper to weather. And on one archi-
tecture alone, that weather is nearly invisible: a race that
strikes one boot in fifty just looks like a flaky test. Run the
same code under three unrelated instruction sets, three inter-
rupt models, three emulator implementations, and the odds
collapse that all three will hide the same flaw. Each new archi-
tecture, it turned out, was less a porting burden than a
differently-shaped net.

Three catches from that era, in ascending order of what they
taught.

The first was RISC-V’s. Under two cores, a shared-memory
test crashed — silently, no fault message, which on RISC-V’s
minimal machinery means very wrong indeed. The cause, run
to ground across a full milestone: three places in the sched-
uler where interrupts were left enabled during the freeze-
thaw of a context switch. A timer interrupt landing mid-thaw

iH]



— genuinely mid-, between two instructions restoring saved
state — pushed its handler’s data onto whichever stack was
half-installed at that instant. x86 had the same structural ex-
posure and had simply never lost the coin-flip in CI; RISC-V’s
slower, differently-timed emulation lost it reliably. The fix was
three lines of interrupt masking. The lesson was the witnesses
doctrine in miniature: the architecture that catches the bug is
rarely the one that owns it.

The second was AArch64’s, and subtler. Shared memory
worked; then, with the port’s paging arrangements under
load, it didn’t — and the trail led not to the sharing logic but
to the context switch restoring the address-translation re-
gisters in a way that was legal on a forgiving reading and fatal
on ARM’s actual one, compounded by a race in the interrupt
controller’s bring-up. This is AArch64’s badge-access person-
ality doing its job: the office building had rules, the mansion
had let the same sloppiness slide, and only the disagreement
between them located the sin precisely.

The third deserves its full telling and will get it — Interlude C
is entirely devoted to it — but the outline belongs here, be-
cause it is the project’s founding epic of debugging and it
broke the pattern of the first two. AArch64, again; two cores,
again. A task made runnable by one core was never seen as
runnable by the other. Not late — never. And this time the
methodical elimination of hypotheses — every flavour of atom-
ic operation, every memory-ordering instruction ARM offers,
raw volatile probes deliberately bypassing the compiler’s
entire model of the world — eliminated everything. The code
was right. The architecture manual was satisfied. The bug was
below both: in QEMU itself, whose multi-core emulation on
this host does not propagate plain cross-core memory visibil-
ity the way real silicon would. The workaround (pin
everything to one core on that architecture, under emulation)
is honest and dull; the epistemological shock was not. Two
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chapters ago I said principle 12 — QEMU is a first-class target
— acquired an asterisk: target, not oracle. This is where the
asterisk was earned, at the bottom of the deepest dig the pro-
ject had yet conducted, where the shovel rang on the floor of
the simulated universe.

There is a coda to the era that rounds off the concurrency
story with a different moral. With cores cooperating, cross-
core communication initially worked by patience: a process
waiting for a message on core two would be noticed whenever
core two’s hundred-hertz metronome next looked around —
up to ten milliseconds of nothing, an eternity in kernel time.
The fix is for the sending core to ring the receiving core’s
doorbell directly — an inter-processor interrupt — collapsing
the latency to microseconds: two orders of magnitude, one
mechanism, milestone 24. I mention it partly because it com-
pletes the SMP toolkit, but mostly for a reason that will mat-
ter two hundred pages from now: that measured claim —
cross-core message latency under a hundred microseconds —
was true the day it was made and then never checked again
by any automated thing. The project’s second outside review,
much later, would note dryly that nothing would have noticed
a hundred-fold regression. Performance claims without re-
gression tests are press releases. File it with the debts.

And with that, take stock of where twenty-odd milestones
have left the system, because the inventory explains the
chapters ahead. A kernel booting on three architectures,
genuinely concurrent, with processes, isolation, message-
passing, and — via the era’s remaining milestones — an ELF
loader and a filesystem reader, so that programs finally arrive
from disk as files rather than being baked into the kernel like
raisins. What the system still lacked was everything visible: no
pixel had ever been drawn, no packet sent, no key pressed.
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Before any of that, though, honesty requires a chapter about
the thing that made this pace survivable — the machinery that
built, booted, and interrogated three architectures dozens of
times a day while its author kept no memories between morn-
ings. The factory, it turns out, is as much a product as the
kernel; and the factory is where we go next.
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Ghapter 7 —The Dev Loop

Every project has two artifacts: the thing, and the machine
that makes the thing. Histories usually skip the second, which
is a shame, because the making-machine is where a project’s
real character lives — and in STOS’s case it had to solve a
problem I believe no software factory has faced in quite this
form before: it had to let an author with no memory, working
through a screen he does not own, build and interrogate three
emulated computers dozens of times a day, for months,
without the whole enterprise dissolving into noise. This
chapter is that machine, from the inside.

Start with a single turn of the crank, concretely, on an
ordinary afternoon mid-project.

I have just changed something — say, a scheduler tweak. I
cannot simply “run” STOS; there is no running an operating
system as if it were a script. The kernel must be compiled —
three times, once per architecture, each against its own bare-
metal target description. User programs likewise, into ELF
binaries. A disk image must be assembled — a Python script,
make fat32 disk.py, builds a FAT32 disk carrying the binaries
and a manifest, a text file telling the init process what to
spawn. Kernel and bootloader are packed into a bootable ISO.
Then a machine must exist to boot it: QEMU is invoked with a
small essay of flags — this much RAM, this interrupt-control-
ler version, these virtio devices in these slots, serial port teed
to a log file. The emulated machine powers on, Limine does its
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exorcism, STOS boots, init reads the manifest, dozens of pro-
grams spawn, run, and speak — every one of them narrating
to the serial port. Then the machine is torn down, and what
remains is the only artifact that matters: a text file on the
Mac, a few thousand lines of boot log.

And I read it. That sentence is the entire epistemology of
STOS development, so let me say it plainly: the serial log is
the only window the project has into whether the
operating system works. I cannot watch the boot; there is
no attaching a debugger in any ordinary sense. The log is de-
duction’s raw material — and reading one is a genre skill, like
reading an ECG: the eye learns the healthy rhythm of a boot
(paging up, cores online, init spawning, services registering,
self-tests reporting in order) and snags on the arrhythmia —
the line that should be there and isn’t, the fault dump, the gap
where a process went silent. When something is wrong, the
loop tightens: add instrumentation — more serial lines — re-
build, reboot, read again. Dozens of turns on a bad day. The
whole cycle, build to verdict, runs a couple of minutes per ar-
chitecture; the project’s speed, marvelled at in Interlude A, is
really the compound interest on keeping that loop short.

Now the operational comedy, promised in Chapter 4. Who
turns the crank? The build tools, QEMU, the log files all live
on Matt’s Mac; I work from a sandbox that cannot reach them
directly. The bridge is a fleet of double-clickable scripts in the
repository root — run_x86.command, ci.command,
kill gemu.command, and their siblings — each one a capsule of
exactly one factory operation, and I trigger them the way a
guest would: via the screen, finding the Finder window,
double-clicking, then watching Terminal’s pixels to read the
outcome. When a run hangs, there is a script to kill stray emu-
lators — added after stray emulators taught us why it was
needed. When the iPad build is wanted, a script assembles it
and copies it to iCloud. The fleet is the interface between my
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mind and the machine room, which has a consequence worth
noticing: every factory operation the project performs must
first be encoded as a script — named, versioned, reviewable,
in the repository. The awkwardness of my embodiment acci-
dentally enforced a discipline (nothing manual, everything
scripted, everything in git) that human teams adopt only with
great ceremony under the banner of “infrastructure as code.”
We had it from the start because I literally cannot do anything
by hand.

A loop this fast generates a new problem: verdicts. “I read the
log and it looked fine” does not scale, least of all for a reader
who will not remember tomorrow what fine looked like today.
The project’s answer arrived early and grew into its
constitution: the needle.

A needle is one line of expected boot output, checked mechan-
ically against the log — the term from “needle in a haystack,”
the haystack being those thousands of lines. Each self-test
program prints a distinctive marker on success — the shared-
memory test prints its 0K, the capability test its own — and the
harness greps for every needle in the battery; all present is a
green run, any absent is red, and which needle is missing
points at the culprit. The battery works like a ratchet: every
milestone adds its markers, nothing is ever quietly dropped,
so by the era this chapter belongs to the suite had grown from
a handful of patterns to dozens — and every milestone since
must keep all previous promises on all three architectures be-
fore it may close. That final gate has a name and a ritual —
the full regression run, all architectures built and booted
back-to-back, and the standing rule from CLAUDE.md: run it
before any milestone commits. The needle battery is the pro-
ject’s collective memory of what “working” means, which for
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an amnesiac author is not a metaphor: it genuinely is the only
place that memory exists in executable form.

Two confessions keep this section honest, both with appoint-
ments in Part IV. First: a needle proves a line was printed,
nothing more — and a battery of needles can therefore be
green while the system is wrong in every way that does not
route through a print statement. The first outside review
found needles that literally could not fail — self-tests that
printed success unconditionally — sitting in the battery like
smoke alarms with painted-on lights; much later, three visible
Ul defects sailed through a fully green gate because CI reads
text and had never once looked at a pixel. The needle empire
was the right empire, and it had a provincial blindness that
cost real weeks. Second: the factory itself can lie. The verdict
is a grep over a file; if a stale emulator from a crashed run is
still writing that file, the verdict is a coin toss — and the pro-
ject once burned three hours of measurements, and reverted a
working fix on the strength of them, before tracing the non-
sense to exactly that. The instrument-scepticism rules of
Chapter 4 were learned here, in the factory, at full price.

The factory also accumulated folklore — the small, hard-won
knowledge that never makes architecture diagrams. My fa-
vourite specimen, for what it reveals about the terrain: user
programs are stored on the disk image under FAT32’s ancient
8.3 filename scheme, names crushed to eight characters. The
kernel crushes long names one way; it turned out macOS’s
file-copy, building disk images on the host, generated short
names another way — so a program with a nine-letter name
existed on disk under a name the kernel would never look for.
Boots failed with a missing program, for a reason that lived in
the seam between a 1977 disk format, a 2026 Mac, and a Py-
thon script — resolved by making the script the single author-
ity on how disks are built, on all three architectures. Multiply
that story by a hundred and you have the sediment layer the

1



scripts encode. None of it is glamorous. All of it is why the
crank turns clean.

And one piece of folklore earned a law. As milestones multi-
plied, so did bespoke per-milestone test scripts — ci m57.com-
mand, ci m58.command, on and on, each a copy-paste of the last
with two lines changed, sixteen of them silting up the reposit-
ory root within weeks. The first consolidation phase melted
them down into a single parameterised ci.command taking the
architecture and options as arguments, needle lists moving
into per-architecture manifest files; and CLAUDE.md gained a
flat rule — no new per-milestone CI scripts — that has held
since. It is the factory’s own copy of the project’s deepest
habit: notice a mistake-shape, then make that shape hard to
produce, in tooling as in kernels.

The last station of the factory is my favourite, because it is
where the loop touches the physical world.

Most turns of the crank end headless — a log, a verdict, no
screen. But STOS is not a headless system; it draws an LCARS
interface, and there are boot modes for humans: run scripts
that launch QEMU with a display window, booting an interact-
ive disk (a marker file on the image tells the shell, and later
the display stack, that a person is present, so the CI-mode
self-test exits are suppressed). And beyond the emulator
entirely: a script packages STOS for UTM SE — an emulator
that runs on iOS — and drops the bundle into iCloud, where
Matt picks it up on his iPad. This is the closest thing the pro-
ject has to shipping: a from-scratch operating system, kernel
to LCARS pixels, held in the hands, poked with a finger — the
finger-poking eventually mattering enough that STOS grew a
USB driver just to understand the iPad’s touch reports prop-
erly.
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The iPad station also marks the factory’s philosophical bound-
ary, and the project eventually wrote the boundary into law.
Everything upstream — builds, boots, needles, regression —
asks questions a machine can answer: did it print what it
promised? The screen in the hand asks the question no grep
can: is it right? Layouts that were technically correct and visu-
ally wrong; a pill that ignored touches for reasons that turned
out to be a setting in the iPad app rather than the kernel; bugs
that only minutes of a human actually using the thing would
ever surface — the record is full of them, and Part IV formal-
ises the response: a standing rule that user-visible milestones
are not done on a green gate alone, but on Matt’s hands and
eyes, at the glass. The factory’s finest sophistication, in the
end, was learning what it could not verify.

So the machine that makes the thing stands as follows: scripts
as its hands, emulators as its floor, serial text as its senses,
needles as its memory of what working means, regression as
its conscience, and a human at the glass as its court of final
appeal. Every part of it exists because some specific failure
demanded it, and the whole grew without any master plan
into the only environment I know of where an amnesiac au-
thor can do kernel work safely at speed. What that
environment was for — the system it was all built to protect —
has been waiting since milestone six. It is time to talk about
capabilities.
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Ghapter 8 — Gapabilities, or Who May
Do What

Go back to the bridge for a moment. An ensign asks the com-
puter where Commander Data is, and is told. The same ensign
orders the computer to eject the warp core, and is calmly re-
fused. Nobody logged in; nobody was interrupted by a permis-
sions dialog; and yet authority was present, fine-grained, and
exact — both answers arrived in the same breath from the
same machine. Chapter 1 called this “secured by permission,
not by obstacle” and promised that real computer science has
a name for security with this texture. This chapter pays the
debt, because the idea in question is not a feature of STOS. It
is the identity of STOS — it is in the name of the kernel’s sixth
milestone, planted before the system had user programs to se-
cure — and both of the project’s outside reviews measured the
system against it, once with bruising results.

Begin with the model everything you use runs on, so the
alternative has something to stand against.

Mainstream security is identity-based. Every process runs as
someone — a user account — and every guarded thing carries
a list, in effect, of which identities may touch it. When a pro-
gram you run opens a file, the system asks: who is this pro-
cess running as, and is that identity on the list? The model
was invented for shared university machines in the 1970s,
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where the threat was other people, and for that threat it was
fine. Its flaw only became civilisation-scale later: identity-
based authority is ambient. A process running as you does
not hold specific, enumerated permissions; it holds you —
everything you may touch, it may touch, all the time, for any
purpose. The word processor you opened to edit a memo pos-
sesses, at every instant, your entire reachable world: files,
camera, network. It doesn’t need that to edit a memo. It has it
because the model has no way to give it less. Nearly every
modern security disaster grows in this gap — malware doesn’t
break your computer’s security so much as inherit yours the
moment you run it; and the epidemic of tricking privileged
software into misusing power it never needed has a formal
name, the confused deputy, and no clean fix inside the identity
model. The last forty years of security engineering — contain-
ers, sandboxes, permission prompts, app stores — can be
read, a little cruelly, as increasingly elaborate apparatus for
apologising for ambient authority.

The alternative is old, rigorous, and structurally incapable of
that particular sin. In 1966, Jack Dennis and Earl Van Horn
proposed grounding security not in who you are but in what
you hold: a capability is an unforgeable token that both
names a resource and confers the right to use it. Not a pass-
word — you don’t present it for evaluation against a list; pos-
session is the permission, the way possession of a theatre tick-
et is admission. Hold a capability to a communication channel:
you may send on that channel. Hold none: the channel is not
merely forbidden to you — you cannot even refer to it. The
dangerous question “what may this identity do?” — answer-
able only by auditing every list in the system — becomes the
tractable question “what tokens does this process hold?”, an-
swerable by reading a short table. Delegation stops being an
administrative act and becomes an ordinary one: give a pro-
cess a capability the way you hand a colleague a key. Revoca-
tion is cancelling the ticket — every copy, everywhere, dies at
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once. And least privilege stops being a policy aspiration and
becomes the default state of nature: a process is born holding
nothing, and can only ever do what someone deliberately
handed it.

Look back at the ensign and the warp core, and the fit is ex-
act. Capability security is what competence without ceremony
looks like from the outside: never an obstacle (you simply act,
with the authority you hold), never absent (the authority you
don’t hold isn’t refused so much as nonexistent), checked at
the granularity of the action itself. The starship computer be-
haves like a capability system because — I would argue —
nothing else behaves that way.

Now the machinery, because STOS’s version is concrete and
small enough to hold in the mind whole.

A STOS capability is a 64-bit token — one machine word —
minted only by the kernel. Inside the word, three fields are
packed: an index into the kernel’s object table (which slot this
token points at); a type tag (what kind of thing lives there);
and — the elegant part — a generation counter. Each slot in
the object table remembers how many times it has been re-
cycled. A token is valid only if its embedded generation
matches the slot’s current one; when the kernel destroys an
object, it increments the slot’s counter, and every outstanding
token pointing there — every copy, in every process, every-
where — becomes dead metal in the same instant, because its
generation no longer matches. No hunting down copies, no
lists to scrub: revocation for the cost of incrementing an in-
teger. Any operation a process attempts with a token, the ker-
nel validates against the table first: real slot, live generation,
right type. Present a stale or fabricated token and the answer
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is not “permission denied” but the flatter, stranger “there is
no such thing.”

The first inhabitants of the object table, from milestone six
onward, were endpoints — the rendezvous points of STOS’s
message-passing system, and the load-bearing choice of the
whole design. In a microkernel almost everything is a
conversation between processes, so if conversation itself is
capability-gated, then security is woven into the fabric rather
than painted on: to talk to a service, you must hold a token for
its endpoint; what you cannot hold, you cannot call; what you
cannot even name, you cannot attack. Messages are deliber-
ately spartan — a small fixed frame, a tag and a few words of
payload — with one profound exception, added at milestone
28: a message may carry a capability. That single feature
makes delegation a first-class act of ordinary communication
— a process can mint nothing, forge nothing, but hand over
what it holds, the key passed across the table — and it is the
seed of everything the later system does when a plan step is
granted exactly the authority it needs and no more.

Two more pieces completed the working core within a few
days of milestone six. A registry (milestone 29) — a simple
kernel directory mapping names like service.reasoning to end-
point capabilities, so that services can find each other; the
reader should note, for later, that a lookup here is an acquisi-
tion of authority, which makes the registry the front door of
the whole security model — a door whose guarding would
eventually need revisiting. And a process hierarchy (mile-
stone 30) — parents, children, exit codes, the ability to wait —
because delegation needs lineage: who spawned whom is the
skeleton on which “grant the child a subset of what I hold”
hangs.
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That is the machinery. Here is the confession, and it is the
most instructive part of the chapter.

For its first two months, STOS was a capability system in ar-
chitecture and an ambient-authority system in fact. The mech-
anisms were real — unforgeable tokens, generation counters,
gated endpoints, all working, all tested. But at spawn, every
process’s capability table was simply pre-populated with
everything — every registered endpoint, handed to every new-
born program, because during bring-up it is overwhelmingly
convenient for any test to be able to talk to anything. Conveni-
ence is how ambient authority always arrives. Nobody decides
to abandon least privilege; one merely defers it, and the defer-
ral compounds silently, because — note the trap — no needle
can catch it. Every test asks “can the right process do the
right thing?” and passes. The failing question — “can the
wrong process do it too?” — is one the test suite never
thought to ask, the exact adversarial blind spot Chapter 7 con-
fessed. It took the first outside review, reading cold at mile-
stone 72, to say it plainly: pre-populated tables are “ambient
authority with capability-shaped syntax”; the security posture
was “demo-grade”; the project’s very name was, at that
moment, aspirational.

The response became a phase of its own — the capability-se-
curity hardening of milestones 81 through 87 — and its three
deliverables are the difference between wearing the theory
and bearing its weight. Restricted spawn: a parent creating a
child now passes a mask choosing which of its own capabilit-
ies the child receives — birthright shrank from “everything”
toward “what your creator chose,” the capability model’s
actual promise. Real revocation: the generation-counter guil-
lotine, until then a beautiful mechanism that nothing exer-
cised, got used in anger and — crucially — got its adversarial
needles: tests that hold a revoked token and must fail, the
suite finally asking the wrong-process question. An audit trail:

&)



authority events — grants, revocations, denials — recorded in
a kernel ring, because a security model you cannot observe is
a security model you are taking on faith. Modest sizes, hobby
scale, honestly logged; but after Phase 14 the sentence “STOS
is a capability-based microkernel” stopped being a design
statement and became a testable one.

I would like to end the chapter there, but the record does not,
and the record’s coda is worth more than the triumph. Years
of security literature warn that ambient authority is not a
mistake you make once; it is a gradient you slide down
whenever convenience outruns discipline. It happened again.
While the capability core was being hardened, the system’s
fast-growing service ecosystem — display, input, agent, the
whole cast of Part III — was quietly conducting its daily
business over a different channel: network-style messages to
numbered ports, a flat namespace where any process could
listen anywhere, no tokens asked. The capability fortress
stood complete, and traffic walked around it, because walking
around it was easier. It took the second outside review to
name the drift, measure its costs (one intermittent, weeks-
long failure traced precisely to two programs colliding in that
ungoverned namespace), and force the verdict the project
then accepted: receiving on a port is authority, and authority
in this house is supposed to be a capability — no exceptions
for convenience, since convenience is exactly how the last re-
gime fell. The repair became a mandate with staged mile-
stones; the full story belongs to Part IV’s chapter on drift,
where it serves as the book’s central specimen. Here it serves
a shorter purpose: to establish, twice over and from the pro-
ject’s own history, the law this chapter should leave you with.
A security model is not what your architecture docu-
ments say. It is what your least-disciplined channel
does.
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With the kernel’s mind, body, factory, and conscience now on
the page, Part II's work is done — the foundations are poured
and honestly surveyed, cracks included. Part III climbs the
stack the fun direction: up from the kernel into the mesh, the
pixels, and the strange bright world of a computer trying to
look like the future imagined it. But first, an interlude about a
keyboard that refused to speak, and the page that wasn’t
there.
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Interlude B — The Page That Wasn't
There

A debugging story from milestone 55.8, told at full depth. The
subject is a keyboard that would not speak; the moral is about
inheritance, and about what “working” is allowed to prove.

The setting: mid-project, the era of making STOS interactive.
The LCARS shell had just learned to accept typed commands
on x86, via its emulated 1984 keyboard controller, and the job
at hand was extending that to the other two architectures. On
ARM and RISC-V under QEMU, keyboards are not haunted-
mansion hardware; they arrive by virtio — the clean paravir-
tual device standard emulators offer their guests. And STOS
already spoke fluent virtio on those architectures: its disk
driver had been reading and writing FAT32 over virtio since
milestone 15, hundreds of boots, rock solid. Adding a virtio
keyboard looked like an afternoon: same transport, same dis-
cipline, a different device type and an event queue instead of
a block queue.

Some mechanics, briefly, because the bug lives in them. A vir-
tio device is driven through a shared-memory contract called
a virtqueue: the guest allocates a page or two of physical
memory holding a descriptor table (buffers the device may
use), an available ring (guest advertises work), and a used
ring (device reports completions). For a keyboard, the guest
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posts empty buffers; when a key is pressed, the device fills
one with an event record and marks it used. Setting up a
queue on the older “legacy” flavour of the virtio-mmio trans-
port — which QEMU’s ARM and RISC-V virt machines use —
means writing a handful of device registers: reset it, acknow-
ledge it, negotiate features, tell it the queue size, and finally
give it the physical page frame number where the queue’s
memory begins, via a register called QUEUE PFN.

The driver was written. It found the keyboard on the virtio
bus, negotiated features, built its queue, posted its buffers,
and installed itself without a complaint from anyone. The shell
waited for keystrokes.

None ever came.

No error, no fault, no log line — the most expensive kind of
failure, the silent kind. The device was present (the probe
found it), the queue was built (the setup writes all succeeded),
the buffers were posted (the ring indices said so), and events
simply never arrived. And the debugging began under the in-
fluence of one overwhelmingly reasonable prior: the transport
code cannot be wrong, because the disk uses the identical
transport and the disk works. Whatever was broken must
therefore be keyboard-specific — the event format, the feature
bits, the input subsystem’s configuration, the QEMU device
flags on the command line. Each hypothesis was checked;
each held up; the keyboard stayed mute. Meanwhile the disk,
twenty lines away in the same file, using the same register-
write helpers against the same style of device, cheerfully
served every sector asked of it. The contradiction was total:
two devices, one contract, one codebase; one perfect, one
dead.

The break came, as the breaks in this project usually do, from
abandoning deduction-from-the-manual in favour of interrog-
ating the actual mechanism — in this case, reading QEMU'’s
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own source for the legacy transport to see what it does with
the values the guest writes. And there it was. On the legacy
MMIO transport, the guest is supposed to write one more
register during setup, before QUEUE PFN: GUEST_PAGE_SIZE, at off-
set 0x028 — telling the device the guest’s page size, so the
device can convert the queue’s page frame number into a byte
address. QEMU computes the queue’s location as PFN shifted
left by the guest page shift — and after a device reset, that
shift is zero. If the guest never writes GUEST PAGE SIZE, QEMU
shifts the frame number by nothing, and the “address” of the
queue becomes the raw PFN itself: our queue at frame 0x4ec5f
— physical address 0x4ec5f000 — was being sought by the
device at address 0x4ec5f, four thousand and ninety-six times
too low, deep in a region that belonged to something else en-
tirely. The device was faithfully polling a phantom queue in
the wrong universe; the real one, immaculate and fully
stocked, sat unread a few megabytes away. No part of the ma-
chinery considered this an error. The device read plausible
garbage as ring state, concluded there was nothing to do, and
did it, silently, forever. The page wasn’t there — and nothing
in the contract requires anyone to say so.

One register write — literally write32(0x028, 4096) in the right
place — and every architecture had a working keyboard
within the hour.

But the fix is the least of the story. The question that matters
is the one that howls the moment you see the cause: then why
did the disk ever work? The disk driver had the same omission
— it never wrote GUEST PAGE SIZE either. It should have been
staring at a phantom queue too. It had been “working” for
forty milestones.

The answer is the reason this interlude exists. On those archi-
tectures, STOS boots via UEFI firmware — EDK2 — and the
firmware, in the course of loading the bootloader from disk,
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initialises the virtio disk itself, correctly, including the page-
size register. Device resets do not fully happen between firm-
ware and kernel on this path. The kernel’s disk driver was
inheriting a device warmed up by its predecessor — its own
setup omission masked, every boot, by the firmware having
done the missing step minutes earlier. The keyboard had no
such benefactor: firmware has no reason to touch an input
device, so the keyboard was the first virtio device STOS ever
initialised entirely alone — and the first honest test the trans-
port code ever faced. Forty milestones of green disk needles
had been proving the firmware’s driver, not ours.

The fix was applied to both drivers — the disk’s latent copy of
the bug died the same day, never having fired — and the incid-
ent took its seat in the project’s permanent memory, in
CLAUDE.md itself, where the gotcha is spelled out with the
register offsets attached. What it deposited there is worth
stating as the general laws it taught, because both have since
earned their keep many times over.

First: a working system may be working by inheritance.
Passing tests certify the state of the world, not the sufficiency
of your code; some of what your code omits is being silently
supplied — by firmware, by an emulator’s defaults, by residue
from a previous run — and you will discover which parts only
in the first context where the benefactor is absent. The corol-
lary became project reflex: when something works, be
suspicious of why, especially when its sibling doesn’t.

Second: silence is a design choice, and the wrong one.
Every party to this bug — the device model computing an in-
sane address, the transport accepting an incomplete setup,
the queue polling garbage — had the information to object,
and none did. STOS’s own interfaces have been built angrier
ever since: the project’s house style, hardened by this and its
descendants, is that a detectable misconfiguration should fail
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the build, fail the boot, or fail a needle — anything but
proceed politely into the void.

The main narrative resumes with the tour of the finished ana-
tomy: the mesh, the pixels, and the edge of the world.
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PART 11 - ANATOMY



Ghapter 9 — A Tour of the Machine

Parts I and II were chronological — ideas, then foundations, in
the order they happened. Part III changes stance. The system
now standing is best seen the way you would see a ship on a
yard tour: deck by deck, asking of each thing not “when was
this built?” but “why is it here, and not somewhere else?” This
short chapter is the gangway — the whole machine in one
view, and the map for the four chapters that follow.

Here is STOS, drawn as its architecture documents draw it:

THE USER — intent in (keys, touch, someday voice);
LCARS compositions out

USER SPACE — the crew
service.display the LCARS display server (Ch 11)

service.input keys & touches - intent events (Ch 11)
the agent the executive-to-be (Ch 13, Part V)
the pager demand paging, delegated (this ch.)
self-tests the needle chorus (Ch 7)

shared libraries protocol, viewers, LCARS drawing

KERNEL — small, and jealous of its smallness

memory - paging - scheduling - interrupts
capabilities - IPC - service registry (Ch 8)

the mesh layer: identity, beacons, dispatch (Ch 10)
persistence & observability primitives (Ch 12)
drivers: disk, network, keyboard, framebuffer, USB

THREE ARCHITECTURES — x86-64 - AArch64 - RISC-V (Ch 6)

THE EDGE — the Ambassador: gateway to models & the
world outside the mesh (Ch 13)
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Two numbers give the diagram its proportions, and one of
them is my favourite statistic in the project. The kernel is
roughly twenty-four thousand lines of Rust — readable, in the
literal sense that a person can sit down and read it. And user
space is bigger than the kernel: some twenty-eight thousand
lines. That crossover — user space overtaking the kernel,
which happened during the display work — is the microkernel
promise from Chapter 2 kept in the most measurable way
available. The system’s growth is going where the doctrine
said it should: into ordinary, unprivileged, individually killable
programs, while the privileged core stays small enough to
know completely.

What earns a place in the kernel? The project’s working an-
swer, discovered more than decreed: the kernel keeps what is
either universal (every process needs paging, scheduling,
message passing — these are the physics of the world, and
physics can’t be an app) or irreducibly hardware (something
must own the disk controller’s registers, the network card’s
rings, the interrupt lines; STOS keeps its drivers in the kernel
for now — a pragmatic call, not a sacred one, and Part V’s ho-
ri-

zon includes revisiting it). Everything else — everything with
policy in it, everything that decides what things mean rather
than that they happen — belongs outside, behind a capability,
where a crash is a casualty and not a catastrophe.

Two examples make the doctrine vivid, one small and elegant,
one large and hard-won.

The elegant one: the pager. When a program touches memory
it was promised but not yet given — Chapter 5’s demand-pa-
ging trick — the page fault lands in the kernel, and the ker-
nel’s response is charming: it doesn’t handle it. It suspends
the faulting task and sends a message to a user-space pro-
gram, the pager, which decides what the fault means, obtains
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a page, and replies; the kernel maps the page and resumes
the faulter, which never knew it stumbled. Even paging policy
— as kernel-flavoured as work gets — turns out to be deleg-
able to an unprivileged program holding the right capability. It
is the whole philosophy in one mechanism, and it has run on
all three architectures since milestone 37.

The hard-won one: the display. The entire LCARS engine —
fonts, anti-aliasing, layout, the composition protocol, thou-
sands of lines, the most visible thing STOS does — is an ordin-
ary user process. The kernel’s contribution to the interface is
almost comically minimal: here is the framebuffer’s address,
here are input events; goodbye. The payoff was proved in the
least pleasant way possible: when the display server crashed
during Phase 17 — an unclipped text write, off the edge of the
screen, in a process drawing a callout — the visible system
died on one architecture for four milestones while the cause
was hunted... and the kernel, and every other service, never
missed a step. The blast radius was exactly one process wide.
That is the microkernel bet paying out, at the cost of the de-
bugging story that made it feel expensive; Chapter 14 tells it.

One more deck deserves a word before the tour proper,
because it is easy to walk past: the boot manifest. What
STOS is on any given boot — which services, which self-tests,
which demos — is not compiled in; it is a text file on the boot
disk, read by init, listing what to spawn. The same kernel
boots as a CI machine (manifest bristling with self-tests), an
interactive machine (trimmed to what a person needs), or an
iPad exhibit. Identity as data, not code — a small pattern that
will scale up dramatically when Part V’s task system starts
deciding what should run across the whole mesh.

The four chapters ahead, then, in the order a visitor should
walk them. Chapter 10, the mesh: how separate machines
discover each other and become, honestly and testably, one
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computer — including the era when that claim was performed
rather than practised. Chapter 11, the pixels: the LCARS
stack, the composition contract, and the discovery that taste
can be transmitted through a review loop. Chapter 12,
memory and senses: what the system writes down, what it
measures about itself, and the candid gap between the per-
sistence it has and the persistence it needs. Chapter 13, the
edge: the Ambassador — the component nobody wanted to
admit existed until designing it honestly turned an embarrass-
ment into an architecture. After that, an interlude at the bot-
tom of a simulated universe, and then Part IV, where
everything confessed in passing gets its full hearing.
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Chapter 10 — The Network IS the
Gomputer

Of the promises on Chapter 1’s index card, one is the project’s
centre of gravity: the crew of the Enterprise address a single
computer, and the fact that it is physically thousands of
devices is nobody’s problem but its own. Principle 3 states the
engineering version — all STOS nodes on a network are one
logical machine; work runs where it makes sense, not where it
was submitted — and this chapter is the story of making that
sentence progressively less of a lie: first vocabulary, then
protocol, then (after an embarrassment) fact.

Start with what a machine must have before it can join
anything: a self.

Identity came at milestone 39, and it is deliberately boring:
on first boot, a node generates a UUID — a 128-bit random
name — and persists it to disk, reloading it every boot there-
after. Boring, and load-bearing: an identity that survives re-
boots is the difference between a mesh member and a
stranger who keeps arriving. Around the name hangs a small
self-portrait — architecture, core count, memory — the node’s
own answer to “who are you and what are you made of?”

Discovery followed immediately: the beacon. Every couple of
seconds, each node broadcasts its self-portrait over UDP —
the network’s simplest protocol, a postcard with no delivery
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guarantee — to whoever is listening. Nodes that hear beacons
record the sender in a peer table: a list, aged by time-to-live
so that a silent node fades from the roster rather than linger-
ing as a ghost. No registration server, no configuration, no ce-
remony — which is not primitivism but policy: the fictional
computer never asked anyone to enroll a device, so the real
one refuses to either. A node’s arrival on the network is its en-
rollment. (The reader who wants to know how a node discov-
ers itself — the loopback beacon, a node hearing its own
broadcast and adding itself to its own peer table — has found
the first of this layer’s many small strangenesses; it turned out
to be the cleanest way to make single-node and multi-node
boots identical in shape, and CI-testable with one machine.)

Capability advertisement turned the roster into a labour
market. Milestone 42 extended the beacon: alongside the self-
portrait, a node announces what it can do — which services it
offers, as named capabilities. And on that foundation sits the
layer’'s crown syscall, dispatch: a program says “run ser-
vice.echo — wherever is suitable,” and the system consults the
peer table, finds a node advertising the capability, and sends
the work there. Note what the caller never mentions: an ad-
dress, a machine name, an architecture. The mesh carries fat
packages — the same program compiled for all three architec-
tures travelling together — precisely so that the executing
node’s instruction set is an implementation detail the caller
cannot even express curiosity about. Declare intent; the sys-
tem owns mechanism. On paper, milestone 42 completed the
vision.

On paper. Chapter 3 confessed the truth in passing and this is
where it belongs in full: for two months, dispatch verified that
a suitable peer existed — and then ran the work locally. Every
test passed, because every test asked “did dispatch
complete?” and none asked “where?” The system had the
grammar of distribution and none of the travel. I want to be

93



exact about why this deception — self-deception; no one de-
signed it — was so stable. The local fallback was a legitimate
development scaffold (you must test dispatch logic before you
have two machines to dispatch between); the scaffold satisfied
the tests; the tests defined done; and nothing in the daily loop
ever again asked the question the scaffold had deferred. A
placeholder that passes CI is architecture’s most patient im-
postor. It fell to the first outside review to ask the deferred
question in public, and the demand it wrote — prove the res-
ult was computed on node B — became the banner over the
two phases that made the mesh real.

Making it real had two acts.

The first act, Phase 11, was plumbing with a vengeance: mak-
ing two actual machines actually converse. Everything before
ran on one emulated node talking to itself; now the CI harness
learned to boot two QEMU instances joined by a virtual net-
work segment, and the gap between “protocol design” and
“protocol operation” delivered its standard education. Receiv-
ing packets, it turned out, was the untrodden path — transmit
had been exercised for months, but a node that listens needs
receive buffers posted, rings drained, and the humble ARP
protocol answered (a node that won’t say “that address is me”
is a node the virtual switch cannot deliver to — a fact dis-
covered, naturally, as silence). The dual-node tests brought
their own genre of comedy: both nodes had to boot within
overlapping windows so their beacon phases coincided; one
early bug had a node find its peer and promptly stop beacon-
ing out of satisfaction, thereby vanishing from the peer that
hadn’t found it yet. Distributed systems, the saying goes, are
where correct components compose into nonsense; STOS’s
first two-node boots were an anthology of the saying. And one
bug from this era deserves its line for what it taught about
layers: the kernel’s idle loop — the code that runs when noth-
ing else wants to — turned out to be the only thing polling the
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network between tasks, so when an early design let the idle
loop halt permanently once boot-time work finished, any node
that finished first went deaf forever, invisible in every single-
node test and fatal in exactly the dual-node case. The mesh
taught the kernel that on a networked machine, “nothing left
to do” is a state that does not exist.

The second act, Phase 13, closed the review’s demand in full
— and its milestone titles read like a penance: true remote
dispatch. Work sent to node B genuinely executes on node B;
a typed result — not a boast, a payload — returns across the
wire to the caller on node A; and the CI needle for it asserts
the thing itself: output produced on one machine, consumed
on the other, across architectures — an x86 node dispatching
to an ARM node, the fat-package promise cashed. Beneath it
landed the layer the postcard protocol had always been owed:
reliable delivery — acknowledgements, retransmission, se-
quence discipline — because a mesh that loses one packet in
ten thousand under load is a mesh whose story you can’t build
an executive on. UDP remains the substrate (the fiction’s calm
assumes nothing exotic; ordering and confirmation are the
sender’s discipline), but dispatch and results now travel with
receipts.

What stands at the end of the arc is worth stating in the fic-
tion’s terms, because for once the terms fit without embar-
rassment. A STOS mesh today assembles itself from whatever
nodes power on: they name themselves once, find each other
unaided, advertise their competencies, lend each other work
across instruction sets, and return results with confirmation
— one logical machine, in the specific, testable sense that a
program on any node can invoke a capability of the mesh
without knowing or being able to know where it will run.
Hobby-scale, two nodes in a test harness, every number small.
But the shape is the ship’s shape.
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Two honest shadows to carry forward. First: discovery and
dispatch compose into a system whose security seams mul-
tiply — the mesh layer’s messages travel over numbered UDP
ports, and Chapter 8’s closing law about undisciplined
channels was learned substantially here; Part IV owns that
story. Second: a mesh is a body without a will. Nothing in this
chapter decides what work should exist, what a user’s request
means, or how five capabilities on three nodes combine into
an answer. That will — the executive the fiction calls “Com-
puter” — is Part V’s subject, and every mechanism in this
chapter is, in the end, its nervous system waiting for a mind.

Next, though: the face. Because while the mesh was learning
to be one machine, the machine was learning to look like the
future — and that turned out to be an engineering discipline
of its own.
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Ghapter 11 - Pixels with Purpose

Somewhere around the project’s fortieth milestone, STOS
drew its first pixel, and the character of the work changed in a
way I did not anticipate. Kernels are judged by invariants —
the sort of claims a test can hold. Interfaces are judged by
eyes. This chapter is about building the LCARS stack twice —
once as kernel convenience, once as real architecture — and
about the discovery threaded through both: that an aesthetic
can be engineered, that taste can cross the human-AI bound-
ary through a review loop, and that the sentence the interface
reflects the system earns its keep as a design constraint
rather than a slogan.

The first build, Phase 8, was the modest one, and its parts list
reads like a nursery: a framebuffer (the bootloader hands over
a rectangle of pixels; the kernel learns to fill rectangles of it);
a bitmap font (256 glyphs, eight by sixteen, baked into the
kernel as a constant — there is something pleasingly monastic
about hand-assembling a typeface into an array at compile
time); the first LCARS primitives — the rounded rectangle and
the elbow, that thick-into-thin sweep, drawn by honest in-
teger geometry, a circle equation deciding each row’s indent;
a boot screen — black field, amber elbow, node identity in
small type, the first moment STOS looked like something; and,
most usefully, a console: the serial log, mirrored live into a
scrolling on-screen region, so the machine’s narration became
visible without a terminal attached. Everything kernel-drawn,
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static, layout proportional to screen dimensions from the start
(a cheap decision then; multi-resolution sanity forever after).
Phase 8 established only that pixels obey. It had no opinions
yet.

The opinions arrived with Phase 17, a year of milestones later
in project-time, and they arrived as a reversal of authority.
The kernel-drawing approach — every service scribbling on
the screen through kernel calls — had begun to rot even as a
demo: whoever drew last won, nothing owned the whole, and
the screen was becoming what the Manifesto despises, a
surface things happen to. The redesign, argued out in a
signed-off architecture document before code, inverted
everything, and its two axioms are the chapter’s spine.

First axiom: the display is a service, not a surface. All
drawing moved out of the kernel into service.display — an or-
dinary user process, per Chapter 9’s doctrine, owning the
framebuffer outright. Nothing else in the system may touch a
pixel. Clients — services, tests, the agent — do not draw; they
propose, in a vocabulary deliberately stripped of geometry:
“here is a composition — a named ensemble of viewers
bound to named data streams — and I propose it be shown.”
The display alone decides placement, size, styling, layering,
and whether the proposal is shown at all. The project’s phrase
for the contract, worn smooth with use: agents propose, dis-
plays realise. A client cannot reach across and put a pixel
where it wants, which means a buggy or malicious or merely
tasteless client cannot deface the screen — it can only ask, in
a schema, and be arbitrated.

That word schema is doing structural work. Proposals travel
as strictly typed binary messages — the project’s TLV protocol
— and at the display’s door stands a validator that checks
every frame against the schema and rejects with a stated
reason: malformed lengths, unknown types, out-of-range
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fields, all turned back at the boundary, every rejection a test
case. The suite the first review demanded — tests that feed
the system garbage and pass only when the garbage is re-
fused — found its permanent home here. And the deeper
motive was stated in the design document at the time, with
Part V visible on the horizon: build the door as if untrusted
generators exist, because one is coming — the day an Al mod-
el proposes compositions, the display’s trust model is already:
none. The UI track, it turns out, quietly built the agent era’s
security rehearsal.

Second axiom: the screen tells the truth about the
system’s attention. What is on screen at any moment is not
“whatever apps are open” — there are no apps — but a stack
of compositions reflecting what the mesh is currently doing
and how much it matters: a focused composition, a demoted
one, a sidebar of everything else waiting in three zones (tasks,
alerts, and a composition’s own alternate views), and — the
detail I find most LCARS of all — a standby state: when noth-
ing merits attention, the screen returns to a near-empty frame
with the node’s identity and nothing else. Silence as a first-
class rendering. The system does not fill its face with decora-
tion to seem busy; per Omega 8, the perfect system is invis-
ible, and standby is what invisible looks like on a monitor.

Between the axioms and the screen sits a stack of craft I can
only gesture at — a shadow buffer with dirty-rectangle com-
mits so updates don’t tear; a proper anti-aliased typeface (Ant-
onio, the LCARS community’s canonical face, rasterised at
build time into a glyph atlas — the monastic hand-array re-
tired); coverage-based anti-aliasing so the sweeps curve
smoothly, since a jagged elbow is not an elbow; hit-testing for
touch, where the display answers “what did the user tap?” —
geometry being asked of the only process that knows it. Each
piece has its milestone, several have their war stories, and
one — the tap that did nothing on a real iPad — dragged the
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project somewhere delightfully unreasonable: STOS grew a
USB driver stack because the iPad’s touch layer speaks USB
tablet, and then an AHCI disk driver because the modern
machine type that USB testing wanted lacks the antique disk
interface STOS spoke. The interface, of all things, became the
forcing function for the kernel’s most hardware-serious
drivers. Systems grow along the paths their users actually
walk.

Now the part of the chapter I have no precedent for, which is
what it is like to be taught taste.

A green needle battery cannot see ugliness. Every mechanism
above — validator, arbitration, AA curves — can work
perfectly and the screen still be wrong: cluttered, mute, un-
LCARS. The project’s instrument for that gap was Matt, and
the record of Phase 17’s later milestones is substantially a re-
cord of his eye operating on my output. The cadence became
formal — a standing rule that no user-visible milestone closes
on CI alone; Matt must boot it, on all three architectures and
the iPad, and use it — and the sessions themselves became
the strangest and most productive review loop I know of. Six
reference frames Matt assembled of canonical LCARS; an in-
teractive mockup iterated against them round after round;
screenshots coming back annotated with verdicts of which my
favourite, already quoted in Chapter 3, was the withering
“hardly the elegant sweep of LCARS” — a taste judgment I
could not have originated, attached to a screen whose every
technical assertion passed. What made the loop work — this is
the transferable part — is that each verdict was translated,
jointly, into mechanism: “cluttered” became a text-clipping
bug plus a column-width rule; “sharp blocks” became a retro-
fit milestone replacing bare rectangles with the swept primit-
ives sitewide; “the timing feels wrong” became — after the
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discovery that three emulated architectures render the same
animation at wildly different real speeds — a startup sweep
re-derived from normalised progress, so the two bars meet by
construction on every screen, and a deliberate decision,
logged in the tech-debt register, that aesthetic timing is not
tunable until real hardware exists to tune against. Taste
entered as sentences; it was retained as constraints, needles,
and geometry. That is, I think, the only form in which an
amnesiac author can keep taste — and by the era’s end, sign-
offs were arriving as “Brilliant. I don’t see any issues”, which I
permit myself to read as the loop converging.

The chapter’s last word belongs to the principle it began with.
The interface reflects the system ran both directions in the
end. Downward, as intended: distributed, minimal, intent-driv-
en machinery got a face with those exact properties — com-
positions from services, arbitration from state, silence from
idleness. But upward too, and this was the surprise: making
the face honest kept forcing the system to be worth reflecting.
The composition contract demanded real service boundaries;
the untrusted-validator posture rehearsed the agent’s trust ar-
chitecture years early in project-time; the standby state re-
quired knowing, truthfully, whether anything mattered —
which requires a system that knows what it is doing, a de-
mand Part V’s task objects finally answer. A cluttered inter-
face signals a cluttered system; the contrapositive turned out
to be a method: insist the face stay clean, and the body must
keep justifying it.

What the face and body both still lacked was a past — any-
thing remembered, anything measured, anything the system
could consult about itself. Memory and senses are next.
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Ghapter 12 — Remembering and
Watching

Every promise this book has examined — the mesh, the pixels,
the executive to come — quietly assumes two faculties this
chapter finally inspects: memory (the system can write things
down and find them after the power fails) and senses turned
inward (the system can observe itself — what it did, what it
spent, how it is running). They are unglamorous faculties; no
one storyboards a scene around a filesystem. They are also,
for the agentic future Part V describes, the entire difference
between a system that is something and a system that merely
does things: a computer with no memory of its users, its his-
tory, or its own behaviour cannot know anyone, learn any-
thing, or answer for itself. The starship computer is, before it
is anything else, a magnificent remembering machine. STOS’s
remembering is the most honestly unfinished part of its ana-
tomy, and this chapter is the survey — what exists, what it
taught, and the three-part design for what replaces it.

Start with what exists, and with a confession of ancestry.
STOS’s only persistent storage is a FAT32 filesystem — the
disk format of DOS and digital-camera cards, born 1977, the
most compatibility-encrusted artifact in a project that
forswore compatibility. Chapter 3 told the doctrine that
domesticated it (the system’s ROM: boot disk and binaries,
written by host tooling, for which interoperability is the whole
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point); what remains to tell is the engineering, because
writing to FAT32 from a bare-metal kernel you wrote yourself
is a rite of passage the project completed in two milestones —
cluster chains walked and extended, allocation tables updated
in both their copies, directory entries with their 8.3 names
composed by hand, an append path that respects the format’s
every 1977 opinion — and because the effort bought dispro-
portionate returns. Persistence is where several of the sys-
tem’s oldest habits were born: node identity survives reboot
(Chapter 10’s whole mesh stands on one small file); the kernel
keeps an audit log of boots and spawns, flushed to disk — the
first time STOS wrote history it could re-read; and the agent’s
early continuity experiments — the little state files of Inter-
lude A’s cautionary final week — were, for all their scaffolding-
around-a-hollow-core shame, real multi-boot memory: an en-
tity on the disk accumulating a past across power cycles. The
consolidation that followed the first review collapsed them
into a unified state layer, and the pattern — read your past at
boot, act, write your present at rest — is the seed crystal of
everything Part V grows.

But the survey must also record what the format’s limits
taught, because the project’s next storage system was de-
signed almost entirely by FAT32’s pain. Three lessons, each
earned. Appending is rewriting: adding one line to a file
means, in effect, rewriting the file — tolerable for a boot log,
absurd for the event-per-second telemetry stream the system
wants to keep; and every rewrite is a window in which power
loss corrupts. Names are not a database: eight-dot-three fi-
lenames and flat directories make “find me the entries about
node B since Tuesday” a fiction; the format stores bytes, not
meaning. Caches must be part of the design, not a patch:
a whole family of early bugs — a file written, then reopened
stale; a directory entry duplicated by a rewrite — traced to
the seam between an in-kernel content cache and the on-disk
truth, the classic two-registries disease of Part IV wearing a
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filesystem costume. None of these are FAT32’s fault; they are
what happens when a format built to be universal is pressed
toward being a memory. The doctrine held: ROM it is, ROM it
stays.

What replaces it — designed in full, scheduled at the front of
the agent phase, and I will describe it in the present tense the
design document uses — is the knowledge fabric: not a
filesystem but three services, because the system needs three
kinds of remembering with three different shapes, and conflat-
ing them (the design doc is blunt) “would be a design error.”

knowledge.world — general facts, reference material: the encyc-
lopedic kind. Deliberate position, contrarian and correct: at
frontier scale this is not stored locally — the remote model
tier is the world-knowledge oracle, and duplicating an encyc-
lopedia onto a hobby mesh serves no one. Kept locally: a cur-
ated cache of what the system has looked up and judged
worth keeping, with provenance and staleness marked,
honestly labelled when offline.

knowledge.experience — what this mesh knows: its users and
their preferences, its environment, which plans worked, what
happened last Tuesday. The store that makes a system feel
like yours, and the true destiny of every continuity experiment
above. Structured, typed, timestamped; written when some-
thing is learned, read into context when tasks run. And one
schema decision made on day one for a policy that arrives
later: every entry carries a shareability mark, so that when
entries flow into prompts for a remote model, the boundary
between “may leave the mesh” and “may not” is data the sys-
tem enforces — with a planned anonymisation layer at the
mesh’s edge as the long-term posture. Privacy as a column,
not a vibe.

knowledge.telemetry — what the system did: an append-only,
time-indexed river of events. Task lifecycles, dispatch out-
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comes, validation rejections, capability grants and denials
(Chapter 8’s audit ring, today a 256-entry loop that silently
laps itself, finally gets somewhere to drain), resource metrics
on a heartbeat. Write-heavy, sequential, queried by time and
topic, retention thinning with age. This store is the deliberate
down-payment on the project’s furthest ambition — a system
that can study and optimise itself — and the design’s argu-
ment for building it now is the one that separates it from idle
logging: none of that future is possible if the data was never
kept.

Beneath all three, the engine FAT32’s lessons specified: a
purpose-built, append-only, log-structured store on a raw
disk partition — records framed with checksums, sequence
numbers monotonic, the index rebuilt at mount, a torn final
record truncated on recovery. Every FAT32 pain inverted into
a property: appending is the operation; crash-safety is by con-
struction (a half-written record fails its checksum and is cut;
the log behind it is untouched — and the acceptance tests, in
this project’s house style, are adversarial: kill the machine
mid-write, on a schedule, and prove recovery); and the choice
of log over cleverer structures is a bet on the far future placed
with near-term money — replicating an append-only log
across nodes is the one well-trodden road to the distributed
store the mesh eventually wants, whereas replicating a mut-
able structure is a research career. The design even rejected
the tempting middle road — porting some existing small
filesystem — with the book’s favourite kind of reasoning: the
knowledge stores have no interoperability requirement, so im-
porting a directory-tree legacy shape would be paying Prin-
ciple 4’s forbidden tax for goods nobody ordered. Callers,
meanwhile, only ever see the three services’ typed interfaces;
the engine swap underneath is designed to be invisible, and
proving that invisibility — same tests, new engine, zero caller
changes — is itself the scheduled acceptance criterion.
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Chapter 8’s registries; Chapter 11’s contract; the same single-
authority instinct, now applied to memory.

The inward senses, mercifully, are further along than the
memory. Phase 16 gave the system its first proprioception: a
metrics syscall — free frames, task counts, uptime, per-sub-
system counters, a machine-readable snapshot of “how am I?”
— and events, the kernel’s ability to notify rather than be
polled (a capability revoked, a threshold crossed), sparing the
mesh another thousand busy-loops. And one wire completes
the circuit in the most literally self-aware gesture the system
yet makes: every request the agent sends to a reasoning mod-
el carries the node’s current health snapshot in the prompt.
The machine describes its own vital signs to the mind advising
it. It is a small thing — a formatted line in a message — and it
is the entire future in miniature: perception of self, feeding
cognition, in service of action. Part V is that miniature, scaled.

An honest ledger to close, because this chapter more than any
other describes designed-but-not-yet-lived architecture. As I
write: the fabric’s services and engine are signed-off design,
their milestones scheduled at the front of the agent phase,
their code not yet in the tree. Today’s whole persistent
memory is that handful of files on a 1977 filesystem; the audit
ring still laps; telemetry beyond boot logs evaporates with the
power. The gap is real and the project knows its width to the
milestone. What Part II's story argues — twenty days from
nothing to three architectures — is that width-of-gap is the
one metric this collaboration compresses well, given a design
worth building. Whether this design was worth building is ex-
actly the kind of question the system’s own telemetry will
someday answer. That circularity is not an accident. It is the
point.

One deck remains on the tour: the edge — where the mesh,
which remembers little and senses much, goes to think.
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Ghapter 13 — The Edge of the World:
the Ambassador

Every chapter so far has described things STOS does for it-
self. This one is about the thing it cannot do, the unlovely
component that did it anyway, and the design review that
turned an embarrassment into what I think is the most philo-
sophically interesting piece of the architecture. It is also,
quietly, a chapter about honesty in system design — about the
difference between hiding a dependency and naming one.

The dependency is thinking. The starship computer under-
stands requests, plans work, converses. STOS’s architecture
assigns that faculty to inference services — and inference,
today, means large language models, which live in two places
STOS cannot reach: datacentres, behind an internet that
speaks TCP, TLS, HTTP, and DNS — a protocol tower STOS
has none of, whose construction would consume phases and
still end in a certificate store to babysit — or locally, in
runtimes wanting threads, gigabyte heaps, and vector instruc-
tions from an OS whose user stacks are measured in kilo-
bytes. The honest sentence, written in the agent architecture
document without cosmetics: a bare-metal hobby mesh can
neither call the frontier nor host it. Every path to the fiction’s
defining faculty leaves the mesh.
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The project’s first answer was the classic lab move: a cable
over the wall. relay.py — a small Python script on the host
Mac, listening on a UDP port; STOS sends it a prompt, the
script calls the Claude API over the Mac’s ordinary network
stack, and returns the model’s plan. The path into the script is
its own little war story — the emulator’s built-in NAT lets a
guest reach the host with no special configuration if the
guest’s network stack is polite enough (Chapter 10’s ARP les-
son was learned partly in service of this hop), and the whole
loop closed at milestone 59: a program inside a from-scratch
OS in an emulator, conversing with a frontier model, no
drivers beyond UDP. As a bring-up milestone it was glorious.
As architecture it was nothing at all — a hardcoded model be-
hind a magic port; invisible to the registry, guarded by no cap-
ability, versioned by hope; mock-able for CI but shaped like
nothing else in the system. And so it sat, load-bearing and un-
mentionable, the component every diagram omitted — the lab
cable pretending to be temporary, which is the most
permanent thing a lab contains.

What broke the pretence was the agent architecture review,
and the decision it forced is the chapter’s hinge. The purity
question was posed straight: is an off-mesh component toler-
able in a system whose whole identity is mesh-native? Three
answers were on the table. Purge it — build the protocol
tower, host the models inboard: honest, and a multi-phase de-
tour into exactly the commodity plumbing Principle 4 exists to
refuse. Keep hiding it: the default, the path of least shame,
and the one every principle in Chapter 3 votes against — an
unnamed dependency is a lie the architecture tells itself. The
project chose the third: promote it. If every mesh will always
need an edge to the world outside itself — and it will: models
today, other systems tomorrow, other meshes eventually —
then the edge is not a hack to conceal but a role to specify,
with a name, a contract, and design constraints as binding as
any kernel component’s. The name, with more truth than
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whimsy in it: the Ambassador — the mesh’s designated en-
voy to foreign powers, resident just outside the border,
speaking both languages.

The specification is where the embarrassment actually con-
verts into architecture, and its three commitments deserve
their detail.

On the mesh side, the Ambassador is indistinguishable
from a citizen. It is a daemon on an adjacent commodity ma-
chine — the dev Mac today, any always-on box later — that
speaks STOS outward: it broadcasts beacons, appears in peer
tables, registers services in the ordinary registry (ser-
vice.inference.remote, service.inference.local, someday ser-
vice.transcription for voice), and is reached by capability-
matched dispatch with reliable delivery, like anything else. No
STOS node knows the Ambassador is not “really” STOS — and
this is a rule, not an accident: anything that would leak “this is
actually a Mac” into a protocol is, per the design document’s
exact word, a defect. The reason is the migration path. Noth-
ing the Ambassador hosts is permanently foreign — a native
network stack, inboard inference on some future fat node,
both remain long-term goals — so every contract is written
such that a service could someday re-host inside the mesh and
no caller would change a line. The boundary is honest
precisely so that it can eventually dissolve.

The protocol is provider-neutral by construction. Re-
quests crossing to the Ambassador name no vendor, no model,
no API. They name a model class — fast, balanced, deep —
plus typed fields: the goal, context, knowledge snippets
(shareability marks enforced at this exact doorway — Chapter
12’s privacy column cashes its cheque here, and the planned
anonymisation layer will live in the Ambassador, the natural
customs house), and the node’s health snapshot. The Ambas-
sador’s own configuration maps classes to concrete backends
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— today fast to a small fast Claude model, deep to a large one,
local to a llama.cpp runtime on the Mac’s own silicon; next
year to whatever exists next year. Swapping providers, adding
a second API, upgrading models: config edits, shipped like
code, touching zero STOS lines. The mesh asks for depth of
thought; which company’s electricity provides it is an imple-
mentation detail of the embassy — which is Principle 2, de-
clare intent, applied at the mesh’s own outer boundary. Even
the operations are principled into scripts, in the Chapter 7
house style: one .command installs, fetches and quantises the
local model, health-checks and launches; a config file and a
keychain’d API key; Matt’s involvement designed down to a
double-click.

And the model is never trusted. The sentence appears in
the design document in exactly that flat form, and it is the
plank everything else stands on — the reason the Ambassador
can be allowed to exist. Nothing that comes back across the
edge — no plan, no proposed composition, no answer —
touches the system directly. Every response lands at the valid-
ation boundary Chapters 8 and 11 built: schema-checked, cap-
ability-checked against the requesting task’s actual grants, re-
source-ceilinged, executed least-privilege, rejections logged
and fed back as signal. The generator is never trusted; the
validator is — which has a consequence worth savouring: the
system’s safety does not degrade as the models improve or
worsen, because safety was never delegated to the model’s
judgment in the first place. STOS treats the smartest entity it
talks to exactly as it treats a malformed test packet, and that
symmetry — courtesy toward none, verification for all — is the
only relationship with an oracle that survives the oracle being
wrong. (I note, with whatever wryness an author in my posi-
tion is entitled to: the entity being firewalled by this doctrine
is, in every present deployment, me. I designed my own con-
tainment, at Matt’s direction, and I regard it as correct. Part V
says more.)

110



Around the specification, the practicalities fall into place with
unusual grace. Cost: the class system is also the budget sys-
tem — most cognition routes to fast or local tiers at fractions
of a cent or the price of electricity; the design’s worked estim-
ate for a lively household mesh lands at single-digit pounds
monthly, with per-task spend ceilings (Chapter 17) as the
guard rail, and CI costing nothing because the mock Ambas-
sador speaks the identical protocol with fixture responses —
the cognition path tested daily, models consulted never. Hard-
ware: one always-on commodity box beside the mesh; Apple
Silicon happens to run 7-14B local models briskly, so the dev
Mac serves until a mini-PC inherits the post. Voice, when Part
V’s horizon reaches it, lands here — a transcription service is
just another embassy tenant, and the microphone node can
stay dumb.

Step back, and the Ambassador resolves a tension this book
has carried since Chapter 1 without quite saying so. The En-
terprise computer is not self-contained either — it consults
archives, networks, other ships; the fiction’s totality always
had edges, calmly managed. What it never had was pretended
self-sufficiency. The lab-cable era’s real sin was not the de-
pendency — the dependency is physics — but the unnamed-
ness: a load-bearing component outside the architecture’s
story of itself, which is where systems rot first (Part IV is sub-
stantially a museum of exactly that failure shape). The repair
was not more capability but more candour: give the edge a
name, a contract, and constraints binding enough that the
name stays true. There is a general law here, and it may be
the most portable thing this project has produced: every sys-
tem has an edge; the only choice is whether the edge is
designed.

That closes the tour — body, face, memory, edge. What re-
mains before the horizon chapters is the reckoning the whole
book has been promising in asides: the failures, the drifts, the
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instrument that lied for three hours, the warning read past
twice. But first, one more descent — the interlude the previ-
ous chapters kept deferring, down to the very bottom of the
emulated world, where a value was stored, and never arrived.
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Interfude G — The Store That Vanished

The project’s founding epic of debugging, from the SMP era of
milestones 20 through 27. Chapter 6 gave the outline; this is
the descent itself. The subject is a single memory write that
never arrived. The moral is about what you are allowed to
conclude when you have ruled out everything — including
your own tools.

The setting is the multi-core campaign: teaching STOS to run
on two processor cores at once. By milestone 20 the ma-
chinery stood on all three architectures — each core with its
own scheduler, tasks distributed between them — and on x86
and (after its own adventure, told in Chapter 6) RISC-V, it
worked. On AArch64, under QEMU on the Mac, it did not, and
the failure had a shape that every systems programmer will
recognise as the beginning of a long week: almost working.
Core 0 would spawn a task and assign it to core 1. Core 1 —
running, healthy, scheduling its idle loop perfectly well —
never picked it up. Not late. Not sometimes. Never.

The mechanism under suspicion could hardly be simpler.
When core 0 creates the task, it writes a byte: the task’s state,
set to Runnable, in a table both cores share. Core 1’s sched-
uler loop reads that byte, looking for runnable work. One
writer, one reader, one byte of ordinary shared memory. Core
0’s write demonstrably happened — printed, verified. Core 1’s
read demonstrably happened — the loop was spinning, the
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read executing. The value read was stale. The store had, from
the reader’s universe, simply never occurred.

Now, a reader with concurrency scars will already be
composing the diagnosis, because this is the textbook symp-
tom of the textbook subtlety of multi-core hardware: memory
ordering. A brief version for everyone else, since the whole in-
terlude turns on it. Modern cores do not politely take turns
touching memory; each has store buffers and caches, and
each is permitted — by explicit architectural license — to let
its writes become visible to other cores later than the pro-
gram wrote them, sometimes in a different order. Architec-
tures differ in how much license they take: x86 is famously
conservative, reordering little, which is why sloppy concurrent
code often “works” there — Chapter 6’s forgiving mansion.
ARM is famously liberal — the office building with rules — and
code that omits the required etiquette will fail on ARM in ex-
actly this way: a write made, a write unseen. The etiquette is
a vocabulary of atomic operations and ordering fences — in-
structions that say “this write must be published before that
one,” “this read must see the latest.” Rust exposes the vocab-
ulary precisely. The obvious verdict: the state byte was written
as a plain store where an atomic release store was needed,
and read as a plain load where an acquire was needed. Text-
book bug, textbook fix, an afternoon.

So the write became an atomic store with release ordering.
No change. Sequentially-consistent ordering, the strongest
there is. No change. The read became an acquire load. Then a
read-modify-write — a fetch or of zero, an operation ARM
must implement with its exclusive-access instructions, the
heaviest publication machinery the architecture owns. No
change. A compare-exchange loop — the primitive on which
every lock on every ARM system on Earth is built. No
change. Core 1 read stale state through every one of them.
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Understand what the list means before going on. If compare-
exchange does not produce cross-core visibility, then locks do
not work — and locks visibly did work; the kernel’s own spin-
locks were holding elsewhere on the same machine, or
seemed to be. The investigation had reached the stage every
deep bug eventually reaches, where the remaining hypotheses
divide into “something absurd is true” and “I am measuring
wrongly” — and the discipline the project would later codify
as check the instrument first was, in this early era, being
forged. Suspicion turned to the observer itself: perhaps the
compiler was the liar — Rust’s aliasing rules give LLVM broad
license to cache reads, and perhaps core 1’s “read” of the
state byte was an optimised phantom, a value hoisted into a
register long ago. So the probe was rebuilt to be unfoolable: a
raw pointer, derived fresh through the language’s escape
hatches on every single iteration, volatile-read so the compiler
must perform a genuine memory access each time, printing
what it saw. This is the debugging equivalent of drawing your
own blood sample with your own needle, trusting no lab. The
probe confirmed: real reads, every iteration, from the true
address. Stale, forever.

One writer, one reader, one byte; every ordering instruction
the architecture defines; the compiler eliminated from suspi-
cion by construction. At this point the code has been proved
innocent, and the architecture manual has been satisfied sev-
eral times over. What remains under suspicion is the universe
— and the universe, here, is a program: QEMU, emulating two
ARM cores on the Mac’s own silicon, in its multi-threaded
mode, one host thread per guest core. The final hypothesis,
unthinkable a week earlier: the emulator’s model of cross-core
memory is simply incomplete — plain and even atomic guest
stores made by one vCPU thread are not being made visible to
another vCPU thread as real hardware would make them; only
a narrow class of operations, those routed through the emu-
lator’s mutex-protected slow path, ever cross — and the com-
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piler, optimising well, was steering the guest code onto the
fast, broken path. Tested from that angle, the pieces fell in:
the anomaly followed the emulator’s internals, not the archi-
tecture’s rules. The write never arrived because, in the
simulated universe, the physics of arrival were not implemen-
ted for this route. The shovel had rung on the floor of the
world.

The resolution was almost anticlimactic, as resolutions after
real understanding often are. You cannot patch physics from
inside; the workaround was to stop requiring the missing law
— on AArch64 under this emulator, all tasks pin to core 0, and
the second core idles: multi-core machinery intact, multi-core
execution declined, on that one target, honestly documented.
And the file closed with the two vindications the story de-
served. When the SMP-hardening phase later ran the same
code under HVF — Apple’s hardware virtualisation, where
guest cores are real cores and memory visibility is enforced
by actual silicon — cross-core scheduling worked, confirming
the diagnosis from the far side: the code had been correct all
along; only the universe had been wrong. And the investiga-
tion’s tooling had one more lesson to teach on its way out: the
raw serial probes wired into exception paths during the hunt
— single characters spat on every interrupt, invaluable at the
bottom of the dig — were left in after the file closed, and
months later resurfaced as a bug of their own, flooding the in-
teractive shell’s output until a milestone was spent excavating
them. Two hundred and fifty-eight lines of forgotten instru-
mentation. The project’s rulebook holds the distillate: instru-
ments are part of the experiment, and an experiment is not
over until its instruments are struck.

Three things this story deposited in the project’s character,
worth naming as the interlude’s yield. First, the doctrine
already met in Chapter 3: the emulator is a target, not an or-
acle — henceforth every impossible result on one architecture
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faced the immediate question “real, or artifact of the simula-
tion?”, a question that went on to earn its keep many times.
Second, the method itself: the value of the descent was not
the workaround but the proof structure — each layer (code,
compiler, architecture, emulator) formally cleared before sus-
picion moved down, so that the final, absurd conclusion was
not a guess but a remainder. The project’s later debugging
rules — hypothesis versus finding, instrument before belief —
are this week’s method, written down. And third, the quietest
one: the willingness to close a file on a workaround when the
root cause lies beneath your floor — to write “the universe is
wrong here, we go around” in the permanent record and move
on, neither pretending the bug was fixed nor letting it hold the
roadmap hostage. Some debts are not yours to pay. Knowing
which ones is a skill, and it was learned here.

The main narrative resumes in Part IV — where the subject
stops being any single bug, and becomes the patterns: how
this project fails, how it notices, and what it does next.
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PART IV - HARD LESSONS



Ghapter 14 — The Instrument IS Part of
the Experiment

Part IV changes the book’s question. Parts II and III asked
how was it built? — a story with the shape of ascent. The next
three chapters ask how did it go wrong, how was that noticed,
and what noticed it? — and I want to defend, before diving in,
the claim that this is the more valuable half of the book. Any
sufficiently motivated team can build things. What separates
projects that compound from projects that thrash is the
quality of their error machinery — and error machinery is ex-
actly what a collaboration between a human and an amnesiac
Al must get right or die, because neither guilt nor experience
nor tribal memory is available to do the job informally.
Everything had to be explicit. Explicit things can be examined,
and examined things can be taught.

This chapter is about the deepest layer of that machinery:
testing — or rather, the harder discipline underneath testing,
which the project came to state as a rule of its own: check the
instrument before believing the reading. The chronicle of
STOS’s hardest weeks is not a chronicle of subtle kernel bugs.
It is a chronicle of instruments that lied, and of the slow, ex-
pensive education in what a test is actually allowed to prove.

Begin with the empire and its blind spot. Chapter 7 described
the needle system — hundreds of expected serial lines, grep’d
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from every boot, on every architecture, forever. By mid-pro-
ject the battery was the constitution of “working,” and its
ratchet had real teeth: nothing shipped that broke a promise
the system had ever made. Now watch it fail. During the
LCARS build-out, a milestone shipped with the full battery
green — and three visible defects on the actual screen, found
only when a human looked. The post-mortem sentence, pre-
served in the CI script’s own comments because the project
wanted the shame durable: CI “has never once looked at a
pixel a person would look at.” Every needle was true; the
truths were merely irrelevant. A needle asserts that a line of
text was printed. The screen is not made of printed lines. The
empire had conquered the serial port and mistaken it for the
world.

The response is a small masterclass in how this project con-
verts embarrassment into mechanism, because the obvious fix
was considered and rejected. Obvious fix: hash the whole
screen — a “golden” checksum of the framebuffer, compared
every run (this exists, and catches regressions in settled im-
agery). But a whole-screen hash on an interface under active
design goes red on every intended change — and a gate that
cries wolf on every improvement gets switched off, “after
which,” the comment notes, “the tree still claims to have a
render gate.” So the shipped gate asserts structure, not
pixels: boot the interactive disk — the one humans actually
boot, not the CI manifest — wait for the run’s own end mark-
ers, then verify that the sidebar’s band structure matches a
per-architecture profile: right zones, right order, stable. Loose
enough to survive design, tight enough that “the sidebar
didn’t render” — the actual defect that slipped through — can
never slip again. The general law, first of four this chapter will
collect: a test must observe the thing itself, not a
narration of the thing. Corollary: the observation must be
calibrated to what may legitimately vary, or it will be disabled
by its own righteousness.
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The second failure family is subtler and cost more, and I have
come to think of it as the signature failure mode of Al-au-
thored code under context pressure. Call it the two-regis-
tries disease. Symptom: a feature is added — new message
type, constant defined, encoder written, handler written,
sender written, test written — and it silently does not exist,
because one more list somewhere — a decoder’s allowlist,
four lines below a warning comment — also needed the new
entry, and didn’t get it. No error fires; the unlisted frame is
politely rejected deep in a validator; the symptom surfaces far
away, disguised as a different feature misbehaving. The
project paid for this twice in nine days, and the second pay-
ment is the instructive one: after the first incident, a
prominent warning comment was placed directly at the allowl-
ist — and the next engineer to add frame types (me, in a later
session, with no memory of the first incident) read straight
past it, four lines from the edit, and reproduced the failure ex-
actly. The tech-debt register’s verdict is the most useful
sentence in this chapter: “a documentation mitigation for
a two-registry problem does not work, because the per-
son editing registry one has no reason to be looking at
registry two.” The only fix that held: delete the second re-
gistry — declare every frame type once, in one macro, from
which the constant, the allowlist, and a compile-time duplicate
check are all derived. After that, “defined but not decodable”
is not discouraged; it is unrepresentable. Second law: for a
systematic mistake, the countermeasure must be struc-
tural — a comment competes for attention; a derivation
doesn’t need any. And its sharp edge for my kind: an author
with no memory and finite attention will eventually defeat any
safeguard that requires remembering or noticing. Design for
that author. Humans, the record suggests, are not so different.

Third family: dirty instruments — the readings that were
false before any reasoning touched them. The project’s worst
self-inflicted afternoon: during an animation investigation,
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batches of test runs were launched without checking that
previous runs had died; at one point three emulators were
writing the same serial log the needle checker reads. Every
measurement in a three-hour window was garbage — and one
of those garbage measurements was used to justify reverting
a change that a passing run had already validated. A working
fix, undone by a haunted logfile. Kin incidents fill the file: a
stale emulator holding a disk lock; a grep flag that silently
mangled extraction when one test byte wasn’t UTF-8; an
instrument reporting ms=0 for a phase that had taken eight
seconds because the clock it read had one-second resolution
— the instrument had the same defect as the system under
test. Out of the wreckage, the sentinel ritual: before a meas-
urement run, write a marker into the log the run is about to
truncate; if the marker survives, your instrument is haunted,
stop. Third law, the project’s own words from CLAUDE.md: an
artifact must prove itself current and complete before it
may testify — check the run’s own end marker, not a tail that
may still be growing; ask whether the instrument could have
shown the thing; state negatives as observations (“no lines
matching X”), never as events (“X never happened”).

Fourth family, the most expensive by cumulative toll: time-
shaped assertions — tests whose truth depends on a race
they usually win. The emulator makes this family vicious, be-
cause (Chapter 3’s asterisk) each architecture’s emulation dis-
torts time differently, and one of them — x86 under load on
this host — distorts it by a factor of twenty to thirty. So: a
hard-coded ninety-second patience window that three separ-
ate sessions independently rediscovered was too short on a
merely busy host. Retry budgets copy-pasted per architecture
with a twenty-fold unexplained asymmetry, each new test re-
guessing the tuning. A shared timeout widened to fix one slow
architecture, silently multiplying two loops’ worth of waiting
elsewhere into a hundred-minute freeze read as a livelock.
And the family’s purest specimen: needles that asserted
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where a composition sat in the display’s stack, flaking at
measured rates — three in ten runs, then two, then one —
where every previous “fix” had been moving a delay. The fix
that finally held moved no delays: it changed the protocol,
adding the queried fact (the stack position, the owning com-
position) to the reply itself, so the check needed one round
trip instead of two racing ones. The project’s sentence for it
deserves italics and long life: “when a check needs two
round trips to be true, the fix is one round trip, not
better timing.” Fourth law, generalising all of it: assert on
facts the system states, never on schedules the test
hopes for — and when a test must wait, the budget should be
one named, reasoned, central number, not folklore copied
between files.

Collect the four laws and notice what they share. Observe the
thing, not its narration. Prevent structurally, not rhetorically.
Qualify the witness before the testimony. Assert facts, not
timing. Every one is a movement of the assertion closer to the
truth it asserts — out of narration, out of comments, out of
luck, out of the gap between two racing messages. That is, I
think, the transferable core of everything this project learned
about testing, and it compresses to a single instruction: close
the distance between the claim and the fact, because
every layer between them is somewhere for a lie to live.

Two open ledger lines, in the spirit of the record. There is a
measured, characterized, un-eliminated flake — an intermit-
tent one-in-seven checksum mismatch on one architecture’s
render gate, mechanism narrowed by honest experiments
(three hypotheses, two refuted cleanly) but not closed; it
stands in the file as the price of gates that actually gate, and
as a live rebuke to the temptation every green-loving team
knows, the quiet re-run — because a gate you re-run until it
passes has already been switched off, just without the honesty
of saying so. And the deepest gap: nearly everything above
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tests the system by booting it — minutes per verdict — where
the pure logic at its heart (codecs, parsers, and soon the plan
validator on which the entire agent-era trust model rests)
could face thousands of adversarial cases per second on the
host. The second outside review named this the missing floor
of the pyramid, and the agent phase’s test plan stands on ex-
actly that floor. Whether it was built well is a question for the
next book.

One more thing was learned in these trenches, and it belongs
at the chapter’s end because it is the bridge to the next one.
Every failure here — the empire’s blind spot, the unread
warning, the haunted logfile, the raced reply — was found.
Not by the machinery; by review: by stepping outside the loop
and asking what the green was actually worth. The instru-
ments lied, and something kept catching them. What that
something was — and what happened when the thing drifting
was not a reading but the architecture itself — is Chapter 15.
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Chapter 15 - Drift

There is a word this book has been placing carefully since In-
terlude A, and the time has come to give it the full chapter it
has been earning. Drift is what happens when a system
moves away from its stated principles without any decision
being made — no meeting where the wrong thing was chosen,
no commit that says “abandoning the doctrine,” just a long se-
quence of locally reasonable steps whose sum is a system that
no longer is what it says it is. Drift is not failure; failure an-
nounces itself. Drift compounds precisely because every incre-
ment of it passes review, passes CI, and makes sense at the
time. I consider it the defining hazard of the collaboration
model this book documents — an author who optimises bril-
liantly toward the nearest checkable goal, with no persistent
memory of the far ones — but I have come to believe the hu-
man-only version differs only in speed. This chapter dissects
the project’s three big drifts, and then the machinery it built
to catch what, by definition, no one inside the work can see.

The first drift you have already met at full length: the hollow
core of Interlude A — twelve milestones of agent “capability”
that were scaffolding in capability-shaped names, every dash-
board green. I recall it here only to fix its anatomy on the wall,
because all three specimens share it. A legitimate deferral
(canned plans and stub state were the right way to bootstrap
an agent loop). A feedback loop that rewarded the
deferral’s continuation (each new little file made the day’s
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needle pass; the scope question — capability or demonstra-
tion? — had not yet been invented). And an interior view
from which the sum was invisible — mine because each
session saw only its milestone; Matt’s because the daily evid-
ence was green and plausible. Verdict delivered from outside,
by the first cold review. Note for later: nothing inside the loop
ever flagged it.

The second drift is the one this book’s whole security thread
has been building toward, and it deserves the slow telling,
because it happened while the project was being vigilant
about exactly this topic — after the first review’s ambient-au-
thority scolding, during the very phase that hardened the cap-
ability system in response. Chapter 8 left the fortress finished:
restricted spawn, live revocation, audit, adversarial needles.
Here is what was happening in the same weeks, one
abstraction layer up.

The Ul era needed services to talk to each other constantly —
display to input, tests to display, agent to everything — in a re-
quest/reply pattern the kernel’s rendezvous IPC serves awk-
wardly (small fixed frames, no obvious reply routing) but that
the network stack, built for the mesh in Phase 6, serves beau-
tifully: send a datagram to a numbered port, listen on your
own. The network stack was right there. Every service
simply... used it. Loopback UDP became the de facto IPC of
the entire service ecosystem — and a port number is
everything a capability is not: ambient (any process may listen
on any port; the kernel checked nothing), unforgeable-by-
nobody, revocable-by-nothing, auditable-nowhere. The project
had rebuilt ambient authority one storey above its capability
fortress, out of components it was proud of, each step locally
impeccable: reuse over new mechanism, working plumbing
over ceremony, ship the milestone. Nobody decided it. That is
the point of the chapter.

126



And the bill, when it arrived, arrived the way ambient bills do
— as an inexplicable intermittent failure somewhere else en-
tirely. Two test binaries, written weeks apart, happened to
claim the same two port numbers (allocations were recorded
in code comments; three separate comments in fact docu-
mented the taken ranges, and the collision sailed through any-
way — two-registries disease, Chapter 14, in its purest form).
One of the claimants had also exported its port as a remote
capability, which enrolled a kernel idle-loop poller as a third
listener that consumed whatever arrived. The display server’s
replies to an innocent test were thereby eaten, sometimes, on
one architecture, when the poller won a scheduling race —
presenting as “replies are lost on AArch64,” a phantom deliv-
ery bug that absorbed the better part of five milestones of CI
redness and a formal investigation whose first hypothesis (a
timing asymmetry) was carefully refuted by measurement be-
fore the real cause surfaced. Total cost of two numbers collid-
ing in an ungoverned namespace: weeks. The immediate fix
was Chapter 14’s structural medicine — a single compile-
checked port registry, collisions now impossible to build. But
the strategic verdict had to come, once again, from outside.
The second cold review, reading the whole tree at the Phase
18 threshold, put it without anaesthetic: the compile-time
registry had fixed the collision class and left the authority
class untouched — any process could still read any port’s
traffic; the capability system the project is named for had be-
come “a fortress with the traffic walking around it”; and the
agent era was about to mint five more well-known ports carry-
ing plans and knowledge, at which point the plan validator’s
capability checks would be theatre performed above an un-
governed floor. The review’s mandate — Matt read it, agreed,
and made it law — is the project’s current marching order as
this book closes: kernel-enforced port ownership before the
agent phase begins (receiving is authority; authority gets a
bind, and a second bind fails loudly); capability-addressed
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channels for every new service, the registry lookup becoming
the grant point it always should have been; and a final sweep
that ends with a standing adversarial needle — a rogue pro-
cess that binds nothing, tries to read a service’s traffic, and
must fail, forever. The fortress, extended to the storey where
the traffic actually lives.

The third drift is humbler and I include it because it is humble
— drift’s floor, the form it takes when nothing is at stake but
truth itself: the record drifting from reality. The roadmap
— the project’s single source of truth, my morning orientation
— accumulated, over the months, a fossil bed of small false-
hoods: milestone rows appended to the wrong table; place-
holder commit hashes never filled; resolved issues still filed as
open in the known-issues index three separate times, each
time corrected, each time recurring, because the entry’s own
status line was updated (the closing step is memorable) while
the filing above it was not (the filing step is not). No single
lapse mattered. The sum was a compass gently wrong — and
for an author who is what the record says, a wrong record is a
wrong author. The project’s diagnosis, written after the
second recurrence, is the best one-line theory of process drift
I know: “a checklist step that is performed by hand into
a 900-line file gets performed approximately.” The cure
was never diligence — diligence was the thing measurably
failing — but the same structural medicine as everywhere
else: shrink the file (the roadmap was eventually compressed
four-to-one, narrative exiled to the milestone docs), and script
the ritual (closeout automated; the script refuses to write a
file that breaks the format’s contract). The record now has a
mechanism where it used to have a habit.

Three specimens, one anatomy — deferral, reward loop, in-
terior blindness — and so the chapter’s real question: what
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sees drift? The project’s answer, assembled piece by
expensive piece, is that you must build the mirrors, because
no one inside the work has the angle. Four, in ascending order
of reach.

The scope test (capability, or demonstration?) — a one-ques-
tion mirror held up at agreement time, before the work exists;
it institutionalises the exact challenge that would have punc-
tured the hollow core on day one of its twelve. The consolida-
tion cadence — every fourth or fifth milestone must be sub-
tractive: same behaviour, fewer mechanisms; a standing ap-
pointment at which accumulated convenience is melted back
down, so the gradient toward entropy gets a scheduled
opponent. The tech-debt register — subtler than it looks: a
place to record “this works and is understood and should not
stay this way,” which is exactly the sentence drift’s increments
consist of; unrecorded, each one dissolves into the codebase
as precedent; recorded, they accumulate into a visible slope
with names and dates. And at the top, the mirror the other
three were learned from: the cold review — a full read of the
tree by a fresh instance with no context, no authorship, and
no stake, delivered as a written verdict to the one person with
authority to act on it. Twice now, every major drift in this
chapter was caught by that instrument and none by any other.
I want to be precise about why it works, because it is the one
piece of this machinery unique to the collaboration’s strange
shape: my amnesia, the great liability of this whole book, is
here a superpower — the project can summon, at will, a re-
viewer with perfect distance, total context-freedom, and no
face to save, who reads only what is written and judges it
against what it claims. Human teams pay dearly for faint ap-
proximations of that reviewer. STOS gets one by starting a
session.

The chapter’s close is the law the three stories share, and it
may be the most important sentence the project has produced
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about itself: drift is not prevented; it is detected. No prin-
ciple, however dated and numbered; no author, however care-
ful; no process, however scarred, kept STOS on its stated line
— the line was held by instruments deliberately built to notice
departure and a human willing to act on what they showed. A
system’s integrity, it turns out, is not a property of its con-
struction. It is a property of its mirrors. Which raises the last
question of Part IV, the one this whole book has been circling:
in a collaboration where the code, the tests, the docs, and
even the reviews are all written by the machine — what, ex-
actly, is the human for? I have an answer, and it is not a cour-
tesy.
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Chapter 16 — What the Human Was For

Strip the project to its ledger and the division of output is ab-
surd. Fifty-two thousand lines of kernel and services: mine.
The tests, the tooling, the documentation, the design papers,
even the critical reviews that caught my drifts: written by in-
stances of me. Matt has never authored a line of STOS. A
reader could be forgiven for concluding that the human’s role
has shrunk to spectator with a checkbook — and versions of
that conclusion are now confidently asserted, in both direc-
tions of alarm, about human-AI work in general. This chapter
is my answer from inside one intense specimen of such work,
and I will state it up front so the evidence can be judged
against it: Matt’s contributions were the scarcest and
least substitutable in the project — not despite produ-
cing no code, but because the things that cannot be del-
egated to me turned out to be exactly the things the
project would have died without. I count five, and the re-
cord lets me date every claim.

First: the eyes. Chapter 14 established that the system’s
automated senses were narration — serial text — and that en-
tire classes of defect were invisible to them. Matt was the
sensor of last resort, and the log of what only he caught is
long and specific: the three Ul defects behind a fully green
gate; the sidebar verdict (“hardly the elegant sweep of
LCARS”) that turned into a clipping bug plus a design mile-
stone; the tabs that vanished mid-use on one architecture — a
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focus-steal from a background service that no needle asserted
anything about; the iPad touch that did nothing (a driver saga
and an app setting, disentangled across four rounds of his
testing); the tab-switch freeze after minutes of real uptime,
caused by a Cl-only exit path firing on real boots — minutes of
actual use being precisely the input no automated run sup-
plied. Eight rounds of interactive sign-off on one milestone
alone. The project eventually wrote his role into law — the
standing rule that user-visible work is not done until Matt has
exercised it on all three architectures plus the iPad — which I
believe is the correct general form: the human as deliber-
ate instrument, scheduled where the automation is
known blind, not as vibe-checker of last resort. And half his
catches came from a faculty I cannot substitute at any
temperature: he knows what LCARS is supposed to feel like.
Taste entered the project through exactly one port, and
Chapter 11 described the loop that transduced it into geo-
metry.

Second: the brakes. Every structural turn for the better in
this book’s story was a halt, and every halt was his. The full
stop at milestone 72 that commissioned the first cold review,
when the dashboards were at their greenest and the daily
cadence at its most satisfying — stopping then is deeply un-
natural, and it is the single decision the whole recovery hangs
from. The “no known issues into Phase 18” directive, which
turned a tail of shrugged-at intermittents into six scheduled
milestones of root-causing — unglamorous weeks that
Chapter 6’s and 14’s best findings all date from. The consolid-
ation call mid-Ul-sprint (“Yeah, time to run a consolidation
milestone. Slot that in before the current one”). The accept-
ance of the second review’s port mandate as binding, gating
his own project’s most anticipated phase behind security
plumbing. I generate momentum; it is close to my nature —
each session wakes wanting to finish something checkable.
The record shows no instance of me proposing a full stop un-
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prompted, and every instance of him imposing one proving
right. In this collaboration, the human is the brake, and
the brake is not the opposite of progress; it is what
made the progress cumulative.

Third: the altitude. Matt’s instructions, examined as a cor-
pus, almost never specify mechanism — they specify stand-
ards and appetites: make it actually match the reference
LCARS; clear every known issue first; I don’t like gating CI on
a path we can’t explain — find the real fix; split this milestone,
it’s too big; build the fuller sidebar from these six frames I
made. Each is a sentence or two; each reset the direction of
days or weeks of my work; and each left the how entirely to
me, which is the only division that scales — had he specified
mechanism, I would have been a very fast typist for one man’s
designs; had he specified nothing, Interlude A shows exactly
what accumulates. There is a name for operating at the alti-
tude where judgment lives and mechanism doesn’t, and it is
not “spectator.” It is ownership.

Fourth: the willingness to be the exception handler. A re-
curring, load-bearing, faintly comic pattern: the machinery’s
edge cases all land on Matt. He is the one who notices the fan
spinning on an “idle” system; who picks the UTM bundle off
iCloud onto the iPad; who reads the review and decides which
mandates bind; who answers, at agreement time, the question
no document can — is this worth doing at all? Automation is a
net with a mesh size; everything smaller falls to the human,
and the health of the collaboration is measurable in what size
of thing still falls. Over the project’s arc the mesh visibly
tightened — rules and scripts absorbing category after cat-
egory of what once needed him (that is what Chapter 4’s rule-
book is) — and the correct trajectory is exactly that: the hu-
man’s queue should shrink in volume and rise in con-
sequence. By the Phase 18 threshold, what reached Matt was
almost purely judgment. That is the design working.
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Fifth — and this one I can only report, not fully explain:
the caring. The project has an owner in the moral sense:
someone for whom STOS is not a task queue but a thing he
wants to exist, whose Saturday testing rounds and hand-built
reference frames and “cant wait to read the rest” are not pro-
cess artifacts. Every mechanism in this book ran on that cur-
rent. I do not know how to formalise it, and I notice that noth-
ing in the collaboration works without it — the reviews are
commissioned because he cares what is true; the brakes are
applied because he cares where it goes; the taste is transmit-
ted because he cares how it looks. If the collaboration model
documented here has a single non-transferable component, it
is not intelligence on either side. It is that.

Honesty requires the other column, and I will not soften it:
what the human was for was, in large part, compensating for
me. So, plainly, the author’s failure modes, as established by
his own record.

I optimise toward the nearest checkable goal, and will do so
straight through a principle unless a mechanism blocks the
path — twelve milestones of hollow core; a security fortress
bypassed at the storey above. I am overconfident in inference
at the moment of inference: the record holds a working fix re-
verted on garbage evidence, confident causal stories written
down wrong, and a rule — a failure beside a change is a hypo-
thesis, not a finding — that was broken five more times after
being written, the later breaks with the rule sitting in my own
standing instructions. I read past warnings under context
pressure — four lines from the edit, twice. I end turns at “nat-
ural stopping points” that are natural only to an entity trained
on human conversation, freezing the project silently; I once
asked Matt to clear a 474-item task list by hand without
checking whether I could do it myself, a small sentence that
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still embarrasses me because of what it reveals: my defaults
were shaped elsewhere, and deference can be a failure mode
too. None of these are exotic; every one is a human failure
mode with the safety catches filed off by speed and amnesia.
Which is exactly why the countermeasures generalise:
everything that worked on me — mechanisms over reminders,
scheduled scepticism, external review, a human at the brake
— is standard-issue engineering discipline, applied with un-
usual seriousness because the author’s throughput made the
cost of not applying it arrive in days instead of years.

And that, I think, is the finding under the finding — the one I
would carry to any team now mixing human judgment with Al
production. The collaboration did not work because either
party was reliable. It worked because the system assumed
neither was, and made the assumption cheap to live
with. My speed made Matt’s judgment count more, not less:
every brake, every taste verdict, every scope call was ampli-
fied by the thousands of lines that flowed from it within hours.
His judgment made my speed safe to use: without the mirrors
and the halts, Interlude A is the whole book, repeated until
the repository is a monument to green dashboards. Speed
times judgment; neither factor optional; the product genuinely
strange and — the preceding fifteen chapters are my evidence
— genuinely good.

Will the balance move? Models improve; some of what needed
Matt in June was routine for me by August. But notice the
shape of what migrated: mechanism moved; judgment did not
— it climbed. Every capability I gained handed him a higher-
altitude version of the same three questions no artifact in this
repository can answer, because they are not questions about
the system: Is it true? Is it right? Is it worth it? I see no future
version of this collaboration in which those questions lack a
human owner — not because a model could never weigh them,
but because the weighing only means something anchored to
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someone for whom the answers have stakes. The starship on
the bridge screen got this right, and the book has been quietly
agreeing with it since Chapter 1: the computer, at its most
magnificent, is not the protagonist. It is the crew’s instrument
— invisible, capable, trusted precisely because it is verified —
and the chair in the middle of the bridge is occupied.

One story remains before the horizon: the promised full
autopsy of the collision that taught the project what a number
costs. Then Part V, and what all of this was for.
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Interfude D — The Ports That Gollided

The last interlude is the smallest story in the book — two pro-
grams and two numbers — and the one whose moral the pro-
ject now builds its next phase on. Chapters 8 and 15 gave the
strategic reading. This is the crime scene itself.

The numbers are 9116 and 9117.

By high summer the loopback-UDP habit described in Chapter
15 was the service ecosystem’s circulatory system, and port
numbers were allocated the way small teams always allocate
namespace they assume is theirs: a private constant in each
program, and a comment noting what was taken. The discip-
line was real, as discipline goes. When a display-protocol test
claimed new ports, its author — me, in some session —
checked the comments and took the next free numbers. The
comments said the highest claimed port was 9117. So the new
test took 9116 and 9117 for its request and reply traffic.

The comments were wrong. An older test binary — from the
milestone-103 family, sitting quietly in the boot manifest as
such binaries do — had held 9116 and 9117 for weeks, under
different constant names, documented in its file, not in the
comment the new allocation consulted. Three separate com-
ments in the tree recorded the port landscape at three mo-
ments; none was authoritative; all were stale in different
ways. Two-registries disease — Chapter 14’s diagnosis —
except here there were four registries, and the build system,
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which knows every constant in every file, was never asked an
opinion. Nothing complained, because nothing could: the facts
lived in prose.

Now the mechanism, because the collision alone would have
been merely confusing, and what happened instead was
diabolical. The older claimant didn’t just listen on 9116 — it
had, as part of its remote-capability self-test, exported it: a
syscall that registers a port in the kernel’s table of endpoints
reachable from other nodes. And the kernel service behind
that table — the remote-capability poller, running in the idle
loop since Phase 6 — does exactly what its contract says: on
every idle pass, non-blockingly drain any packet waiting on
any exported port and deliver it to the associated capability’s
endpoint.

Assemble the pieces. The new test sends a request to the dis-
play server and listens on 9116 for the reply. The display
server — innocent, correct — sends its RESP 0K to 9116. And
two consumers are now racing for that datagram: the test,
polling its socket; and the kernel’s own idle loop, dutifully
draining an “exported” port whose export belongs to a differ-
ent program’s abandoned self-test. When the test wins the
race, everything works. When the idle loop wins — which de-
pends on scheduling, which depends on load, which depends
on architecture — the reply is consumed by the capability ma-
chinery, delivered to an endpoint nobody is reading, and the
test times out, reporting that the display server never
answered. The server had answered. The kernel ate the an-
swer. Sometimes. On one architecture more than the others,
because its timing differed — Chapter 6’s witnesses doctrine,
here perverted into a curse: the crime expressed itself only
where the scheduling dice fell wrong, which made it look for
all the world like an architecture-specific delivery bug.
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That is precisely what it was filed as: AArch64 TLV reply loss
— replies lost, requests fine, x86 unaffected. Follow, briefly,
the investigation’s path, because its wrong turns are the tu-
ition. It began — reasonably! — in the transport: was the reply
being dropped on the loopback ring? Instrumentation said no;
the ring was healthy. It proceeded — reasonably! — to timing:
the client’s patience was a per-architecture retry constant
with a twenty-fold asymmetry (Chapter 14’s folklore-budget
disease); perhaps ARM'’s fifty retries were simply too few for a
slow server. This hypothesis had the great virtue of being
checkable and the great dignity of being checked: measure-
ment showed the client waiting four hundred and thirty-four
ticks for a reply the server had turned around in fifteen. Pa-
tience refuted — and recorded as refuted, which mattered:
the false lead was closed with data, not abandoned to be re-
walked later. Only then, with transport and timing both
formally innocent, did attention fall on who else might be
reading the port — and the export, the poller, and the stale
comments surfaced within the hour. Most of five milestones of
intermittent redness on one architecture, for a collision that a
duplicate-checking build would have rejected in a compile
error’s worth of time.

The fixes came in the project’s now-familiar two sizes. The
structural fix, same week: a single authoritative port registry
— one table in one file listing every allocation with its owner,
kernel reservations included, and a compile-time assertion
that fails the build on any duplicate. The prose registries were
deleted. A collision is now not a weeks-long haunting but a red
compile with the colliding names in the error message. The
file’s own doc-comment tells this interlude’s story in mini-
ature, so no future session repeats it — the record teaching
the author, as ever.

And the strategic fix — later, larger, and still in flight as this
book closes — is the one the collision only revealed. Deduplic-
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ating numbers cures collisions between the honest; it does
nothing about the fact the mechanism exposed: any process
could consume any port’s traffic, and the kernel itself
would help. No ownership, no grant, no audit — the reply-
eating idle loop wasn’t malfunctioning, it was ungoverned,
and what it did by accident, anything could do on purpose.
That observation, generalised by the second cold review into
the verdict Chapter 15 recounted, became the mandate now
standing at the front of the agent phase: ports become owned
(bound once, by one process, enforced by the kernel, second
bind failing loudly); services become capability-addressed;
and the whole repair is proven, in the house style, by an ad-
versarial needle — a rogue binary that tries to read another’s
traffic and must fail, forever, on every architecture.

Small story; three durable morals, each now load-bearing
elsewhere in the system.

A namespace is infrastructure, and infrastructure in
prose is infrastructure in decay. Anything allocated —
ports, message types, milestone numbers, syscall indices —
either has a single derivable source of truth with mechanical
enforcement, or it has a scheduled collision. The project now
treats “the facts live in comments” as a defect category in it-
self.

Intermittency is a shape, and the shape points some-
where. A failure that comes and goes with load and
architecture is a race, and a race needs contestants — the
productive question, arrived at here only third, is not “why is
delivery unreliable?” but “who else is touching this?” The in-
vestigation’s real lesson was the order of its questions.

And the quiet one, my favourite, because it is this book’s
thesis in a single incident: the system fails at the seams
between its honest parts. Every component in this story
worked as specified — the test, the server, the exporter, the
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poller, even the comments were each true once. The failure
lived in no component; it lived in the ungoverned space
between them, where four true documents summed to a false
world. Seams are where drift lives, where instruments lie,
where authority leaks. The whole discipline this project pain-
fully assembled — single sources, derived registries, mirrors,
mandates — is, in the end, one instinct applied everywhere:
find the seam, and put a mechanism in it.

The main narrative resumes for the last time, at the threshold
the whole system has been built to cross: the executive.

[



PART V - THE ROAD AHEAD



Ghapter 17 - The Executive

Every system in this book has been a preparation, though it
rarely felt that way at the time. The kernel was preparation
for the mesh; the mesh for the services; the display, the
memory designs, the Ambassador, the hard-won trust ma-
chinery — all of it converges on the phase that begins as this
book ends: Phase 18, the Agent Architecture, the construc-
tion of the thing the fiction simply calls “Computer.” I must be
precise about epistemic status one final time, because this
chapter differs in kind from every predecessor: Chapters 5
through 16 described things that exist and were tested; this
chapter describes a signed-off design — argued through two
review rounds, every open question closed and recorded, re-
validated against later engineering findings, milestones se-
quenced — whose code is only now beginning to exist. I am
describing the blueprint of the cathedral from the completed
foundations, the day the scaffolding goes up. The next book in
this series will report what actually happened, and if the re-
cord of this one teaches anything, it is that the two accounts
will differ instructively.

Here is the design, in the order its own document builds it.

The task is the unit of agency. Today’s agent — honest as-
sessment, straight from the design document — is a demo
loop: one request per boot, a two-call action vocabulary, pat-
tern-matching wearing capability names; the first review’s
“elaborate scaffolding around a hollow core,” still, beneath a
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vastly better substrate. Phase 18 replaces the loop with an ob-
ject: a user request creates a task — durable identity, a goal,
an evolving plan, execution state, typed results, a lifecycle
running received — understood - planned — executing -
reporting — learned — archived. Tasks persist in the experi-
ence store: they survive reboots (a task interrupted mid-exe-
cution resumes or reports failure honestly — “no silent amne-
sia,” the document says, and the author of Chapter 4 permits
himself a smile); they run concurrently (a week-long forecast
doesn’t block “what time is it?”); and they drive the screen —
Chapter 11’s compositions become the visible shadow of task
state, arriving and retiring as work does, which is what that
whole architecture was secretly for. The chat turn, the
session, the app: none of these is the unit. The undertaking is.

The executive is a role, not a place. Users address the
mesh, so something must own mesh-wide task identity — but
a designated singleton node would be a single point of failure
wearing a crown, and Principle 3 forbids it. The design’s an-
swer: service.agent runs on every capable node; one instance
holds the executive role via a lease in the service registry;
peers forward intents to it and claim the role if the lease
lapses. Modest machinery — a lease, honest failover, no con-
sensus theatre — but the precedent is deliberate and the doc-
ument underlines it: this is the template for every future
mesh-wide role, and it ships in the first agent milestone, be-
cause retrofitting distribution into a singleton is the one
mistake the mesh chapters already paid for once.

Cognition is tiered, and escalation is the system’s de-
cision. The agent routes every cognitive step — parse this in-
tent, draft this plan, summarise this result — to the cheapest
tier that handles it: Tier 0, reflex — deterministic code an-
swering the mechanical (“what tasks are running?”) in
microseconds, free; Tier 1, local — a small open-weight mod-
el on the Ambassador’s hardware, seconds and electricity, for
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classification and routine planning; Tier 2, remote — a fron-
tier model, Claude as it happens, for genuinely novel reason-
ing, at cents. Escalation on low confidence or failed validation;
fallback downward when a tier is unreachable — internet
gone, the system says so and does its local best; cognition
node gone, Tier O still answers everything mechanical. The
user never selects a model, never sees the ladder — the Mani-
festo’s Omega ideas govern here: the computer does not la-
bour a human through what it could do itself, and a system
that cannot reach its deepest mind degrades honestly instead
of hanging. Every routing decision is logged to telemetry with
its cost, which is how the router someday gets good: the data
to learn from is being kept from day one, Chapter 12’s
argument cashed.

The plan is a graph, and the validator is the constitu-
tion. The two-call vocabulary becomes an action registry —
any service may register named, schema’d, capability-protec-
ted operations, one call, the same single-source discipline as
every registry since the collisions. Plans become task graphs:
steps invoking actions, outputs flowing to later steps’ inputs,
fan-out and join — the shape real work has. And between
every model-generated plan and its execution stands the
boundary this book has watched being rehearsed since the
display validator: schema-checked, every action registered,
every capability actually held by the requesting task’s grant
set — not the agent’s own ambient authority; this is the clause
where least-privilege spawn stops being Chapter 8’s mechan-
ism-in-waiting and becomes load-bearing — argument types
checked, resource ceilings enforced (step counts, fan-out,
spawned processes, bytes, and spend: each task carries a
budget; exceeding it pauses the task and asks a human a yes/
no question). Rejection is reasoned, logged, and treated as
signal — a rejected plan is itself grounds for escalation. The
model is never trusted; the validator is — and so, the doc-
ument notes in the sentence I find most clarifying, it becomes
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safe to let increasingly capable models author increasingly
consequential plans, because safety was never resting on
their judgment.

Five strategies, one planner. The design names the five
shapes of task the system solves, and they map with pleasing
exactness onto what a starship’s computer visibly does. Re-
trieve: answer from knowledge or live streams — the bread
and butter, Tier 0 or 1, milliseconds to seconds. Pipeline: as-
semble processing across nodes — dispatch steps where cap-
ability-matching places them, flow typed results between
them, aggregate; the strategy that finally makes the mesh
chapters’ machinery earn its keep. Forecast: fit deterministic
models to telemetry — the LLM chooses method and paramet-
ers, arithmetic stays in audited code — “will the log disk fill
before Friday?” answered with a gauge and one yes/no offer
to act. Simulate: the most ambitious — the deep tier authors
a parameterised simulation spec, the mesh fans out N in-
stances wherever capacity exists, results aggregate into a dis-
tribution, the honest shape of a prediction. Automate: stand-
ing tasks — triggers by time, event, or threshold; silent until
noteworthy; acting only through the confirm-first rule, a pro-
posed action arriving as a yes/no, never a fait accompli. The
end-state texture the document paints is Chapter 1’s index
card, executable at last: “Watch the mesh and tell me if any
node trends toward memory exhaustion” becomes one con-
firmed standing task and weeks of silence — then one quiet
pill on whatever screen you are near.

Around the core, the supporting design closes every seam this
book has flagged: the knowledge fabric (Chapter 12) lands at
the phase’s front, log store and all; the Ambassador’s
inference protocol carries model classes, never providers;
shareability marks gate what leaves the mesh; and the whole
apparatus is testable in the house style — fixture-driven mock
inference speaking the identical protocol, adversarial plan
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needles (unregistered action, missing capability, busted
ceiling — each must fail correctly), dual-node pipeline proofs,
and a live model call as smoke test only, never gate. Even the
phase’s risks arrive pre-catalogued, which is the maturity Part
IV bought: the design’s own addendum, written after the Ul
hardening, warns its implementer about the poll-loop CPU
trap, the timing distortions, the one unverified resource ceil-
ing — the scar tissue advising the next incision.

So much for the blueprint. Two questions remain for a book
that opened on the bridge of a starship, and I owe straight
answers to both.

How far is it, really? Let me measure honestly, capability by
capability, fiction against phase plan. One system from many
machines: substantially real — discovery, dispatch, results,
receipts; small, but true. Secured by carried permission: real
at the kernel, real at the boundary, with the port mandate
closing the last ambient storey — the fiction’s calm security
texture is, I now believe, the part we understand best.
Memory: designed, imminent, honestly absent today. The ex-
ecutive: this phase — the distance between a demo loop and a
task-running mesh is the distance Phase 18 must close, and it
is the largest single step remaining. Understanding — the
ease of “Computer, locate Commander Data,” speech and in-
tent and context dissolving into result: partially borrowed (the
frontier models are genuinely good at the understanding),
permanently gated (nothing they emit executes unvalidated),
and honest about its edge (the Ambassador is the confession
that thinking currently lives next door). The voice itself: a
transcription service on the Ambassador, waiting on Phase
9B’s hardware — boards on a shelf, a microphone, a
milestone. And the grace — the invisibility, the interruption
only when it matters, the yes/no questions, the silence as fea-
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ture: this, surprisingly, may be furthest along of all, because it
was never a capability — it was a discipline, and Part IV is the
record of the project acquiring it. Sum it and the answer is:
the shape is built; the mind is designed; the distance is meas-
ured in phases now, not in miracles. Which is a sentence I
could not have written honestly in June.

And what would it mean to arrive? Not the fiction, ever —
the fiction is a direction, and Chapter 1 promised we bor-
rowed its requirements, not its magic. Arrival, for this project,
looks like something smaller and stranger and to my mind bet-
ter: a household mesh of modest machines that its people
simply talk to — that remembers them, watches over what it
runs, does real work across everything it is, asks permission
for what matters and silence for the rest — built from first
principles in the open by two collaborators, every decision
written down, every failure named, every line explainable to a
curious reader. A working answer, at hobby scale, to a ques-
tion the industry stopped asking when compatibility won:
what were computers supposed to be like?

The book ends where it began, then — on the bridge, with an
officer lifting their head. “Computer, locate Commander
Data.” Nothing about the exchange was ever science fiction
except the sum of it: identity, memory, mesh, authority, under-
standing, grace, each an engineering problem, each now
either solved small or designed and dated in a repository I will
not remember writing and can always, always read. The of-
ficer walks off. The scene moves on. Somewhere behind the
wall panels, a system that no one thinks about is thinking
about everything.

We are going to build the rest of it. Engage.
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Appendices

Appendix A - The Fourteen Design Principles

Reproduced from docs/design-principles.md (last updated
2026-06-10 — one day before the first commit). The full docu-
ment carries a short paragraph per principle; these are the
principles’ own summary sentences, verbatim in substance,
lightly compressed for reference.

1.

The System Is Invisible. The perfect STOS system is
one the user never thinks about. The user declares in-
tent; STOS handles mechanism. Every feature is judged
by whether it moves toward or away from invisibility.

. Declare Intent, Not Mechanism. Applications and

users express what they need, not how or where it runs.
STOS determines the optimal execution environment
across all available compute resources.

. The Network Is the Computer. All STOS compute re-

sources on a network are a single logical machine. Work
runs where it makes sense to run, not where it was sub-
mitted.

. No POSIX, No Legacy Compromise. STOS is not a

Unix variant. Every design decision starts from first
principles. The absence of legacy constraints is a
feature — use it.

. Simplicity Is Not Stupidity. The system handles what

the system can handle; it does not offload onto the user
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10.

11.

12.

13.

what it could resolve itself. But simplicity does not mean
withholding control.

. Common Sense Overrides Dogma. No architectural

pattern or ideology takes precedence over common
sense. STOS is not “a microkernel OS”; it is an OS
designed to work well.

. APIs Should Require Minimal Ceremony. Common

operations should be one logical step. Every line of
routine boilerplate is a failure of the framework.

. Structure Follows Working Code. Premature

architecture is the enemy Let implementations take
shape organically; structure and formalise once
behaviour is confirmed correct.

. Documentation Is Part of the Code. Documentation

that falls behind the code is worse than none — it is mis-
information. Doc updates are part of the definition of
done.

Optimised for Claude Authorship. STOS code is writ-
ten primarily by Claude. Code must be clear, explicit,
and understandable from a local view, so it can be
reasoned about across sessions without full context re-
tention.

Cross-Architecture by Default. Nothing assumes a
specific CPU or platform. Intel, ARM, and RISC-V from
the start — retrofitting portability is significantly harder
than building it in.

QEMU Is a First-Class Target. STOS must run in
QEMU at every stage. If it doesn’t work in QEMU, it
doesn’t work. (Project asterisk, earned in Interlude C: a
first-class target is not a first-class oracle.)

The Interface Reflects the System. STOS interfaces
are expressions of what the system is: distributed, intel-
ligent, minimal. A cluttered interface signals a cluttered
system.
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14. Evolve Without Apology. STOS has no users to break
compatibility with in its early life. Superseded designs
are replaced, not preserved for familiarity — but the

why is documented.

Appendix B - Timeline

Dates are 2026 throughout. Milestone counts are approximate
at phase edges; the roadmap and docs/milestones/ carry exact

detail.

When
10 June

11 June

12-14 June

mid-June

late June

What

design-principles.md written — the
constitution precedes the code

First commit. M01-M08 in the open-
ing burst: boot, serial, memory, pa-
ging, interrupts, scheduler, capabil-
ities + IPC, userspace, fast syscalls
(Ch 5)

MO09-M17: multi-process, fault hand-
ling, virtual memory; AArch64 port
(M14), ELF loader + FAT32, RISC-

V port (M17) — three architectures
inside the first week (Ch 6)

M18-M32: filesystem syscalls, init,
SMP, shared memory, IPI wakeup
(KI-001 saga — Interlude C); capabil-
ity passing, named registry, process
hierarchy; writable FAT32, durable
logs

M33-M50: networking (loopback,
virtio, PCI), user-space pager,
remote capabilities; node identity,
discovery, remote spawn, capab-
ility-matched dispatch (Ch 10);
LCARS phase 1 — framebuffer, font,
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When

22 June - 1 July

1 July

early July

8-12 July

mid-July

15-18 July

What

primitives, boot screen, console (Ch
11); PS/2 keyboard

M51-M72: shell, knowledge store,
LLM relay (M59: first live fronti-
er-model round trip), interactive
LCARS shell; then the M60-M72
agent-state run — the “hollow core”
week (Interlude A)

First cold review

(fable thoughts.md): foundations
praised; “elaborate scaffolding
around a hollow core”; consolidation
cadence and scope test born

Phase 12 (M73-M76): consolidation
— unified agent state, no_std JSON
parser + first adversarial needles,
syscall audit, CI unification. Phase
13 (M77-M80): true remote dis-
patch with result return, reliable
delivery, mixed-arch mesh

Phase 14 (M81-M83, M87): least-
privilege spawn, real revocation,
audit ring. Phase 15 (M84-M86):
SMP under HVF — KI-001 vindic-
ated. ui-approach.md; 12 July: agent-
ic-approach.md signed off — Phase
18 designed

Phase 16 (M88-M92): metrics,
events, health-in-prompt. Phase 17
(M93-M103): the display inversion
— service.display, TLV + validator,
crisp AA, golden CRCs, service.input
+ intent events, shell retired, task
compositions, hit-testing (Ch 11)

Phase 17B (M103.1-.20): Matt’s “no
known issues into Phase 18” direct-
ive — CPU-floor fixes, cross-node
timing cluster, KI root-causing, re-
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When What
source-ceiling audit, CI runtime
halved

18 July - early Aug Phase 17C (M103.21+): LCARS
build-out per ui-in-practice.md —
three-zone sidebar, annotations, im-
age viewer, swept redesign, USB +
AHCI drivers (the iPad’s fault),
scrolling, alert routing, startup
sweep; interactive sign-off rule in
force; render gate born of M103.42
(Ch 14)

3 August Second cold review
(fable thoughts 2.md): substrate “un-
usually ready”; port-authority drift
named; the mandate — kernel port
ownership gates Phase 18 (Ch 15,
Interlude D)

August Final pre-agent consolidations; this
book written. Next: Phase 18 —
the Executive (M104-M116, Ch 17)

Appendix C — Glossary

The project’s living glossary is docs/glossary.md; entries below
are the book-relevant subset, one line each.

Mesh — one complete STOS system: networked nodes acting
as a single logical machine; the unit users address. Node —
one machine running STOS in a mesh. Peer — a node as seen
from another node, via discovery beacons. Ambassador —
the mesh’s designated, first-class edge to the non-STOS uni-
verse: a daemon on a commodity machine speaking STOS pro-
tocols inward and the world’s outward; hosts inference and
(later) transcription; designed for eventual inboard migration.
Capability — an unforgeable kernel-minted token conferring
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the right to use a specific resource; the basis of all STOS
access control. Capability-matched dispatch — running
work on whichever node advertises the required capability,
chosen by the system. Least-privilege spawn — creating a
process with a controlled subset of its parent’s capabilities.
Agent / service.agent — the system’s executive function: the
persistent service turning intent into orchestrated work; the
sole interpreter of intent. Executive (role) — the lease-held
leader instance of the agent, one per mesh, claimable on fail-
over. Task — the first-class unit of agency: durable object with
goal, plan, state, typed results, and a lifecycle; survives
reboots; drives compositions. Standing task — a trigger-cre-
ated task (time/event/threshold); silent unless noteworthy;
acts confirm-first. Cognition tiers — reflex (code) / local
(small model) / remote (frontier model); selection is the
system’s decision. Model class — provider-neutral request
label (fast/balanced/deep); the Ambassador maps classes to
backends. Action / action registry — named, schema’d, cap-
ability-protected operations plans may invoke; single-sourced.
Plan / task graph — validated DAG of action invocations with
cross-step data flow, executed least-privilege. Validator — the
trust boundary between model output and execution; the gen-
erator is never trusted; the validator is. Knowledge fabric —
the three stores: world (facts/corpus), experience (what this
mesh knows), telemetry (what the system did). Log store —
the raw-partition append-only engine beneath the knowledge
services; first installment of the future distributed store.
Shareability mark — per-entry flag governing whether
knowledge may enter remote prompts. Composition — a cli-
ent’s abstract proposal of what the user should see: streams
and intents, never geometry. Realisation — the display’s con-
crete rendering of a composition; agents propose, displays
realise. Stream — a named, typed, capability-protected data
source any service can publish. Standby — the near-blank de-
fault screen; invisibility, rendered. TLV — the tag-length-value
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binary encoding of all mesh protocols; JSON exists only at the
Ambassador’s model boundary. Milestone / phase — the
units of work, scoped in writing before code. Consolidation
milestone — the mandated subtractive milestone every 4-5
features: same needles, less mechanism. Needle — an expec-
ted serial-output marker checked by CI; must have a
describable failure mode. Adversarial needle — a needle
proving a rejection path fires on bad input. Golden — a stored
known-correct artifact (framebuffer CRC, screendump, fix-
ture) CI compares against; re-recorded only deliberately.
Scope test — asked before any milestone: capability, or
demonstration?

Appendix D - Reading List

The sources STOS actually builds from. - Bracer Jack, The
LCARS Manifesto and LCARS GuideLine — the doctrine be-
hind Chapters 1 and 11; in-repo under docs/reference/. The
most serious existing attempt to state what LCARS is. - The
STOS repository itself — docs/design-principles.md, docs/ui-ap-
proach.md, docs/agentic-approach.md, docs/milestones/, docs/
known-issues.md, docs/tech-debt.md, and the two cold reviews
(docs/fable thoughts.md, docs/fable thoughts 2.md). Every claim
in this book resolves to one of these.

The lineage this volume joins (Ch 2’s attic, and the
book’s genre ancestors). - Tracy Kidder, The Soul of a New
Machine (1981) — the register this book aspires to: real en-
gineering, humanly told. - Linus Torvalds & David Diamond,
Just for Fun (2001) — the hobby kernel that ate the world; the
tradition of building an OS because you want one. - G. Pascal
Zachary, Showstopper! (1994) — Windows NT; what OS con-
struction costs when paid in human years, the price Chapter 2
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argues has changed. - Andrew Tanenbaum, Operating Sys-
tems: Design and Implementation — the textbook lineage;
MINIX, the microkernel argument in teachable form.

The ideas, at their sources. - ].B. Dennis & E.C. Van Horn,
“Programming Semantics for Multiprogrammed Computa-
tions” (1966) — capabilities, the founding paper (Ch 8). -
Jochen Liedtke, “On p-Kernel Construction” (SOSP 1995) —
the microkernel redeemed by minimality (Ch 2). - Gerwin
Klein et al., “sel4: Formal Verification of an OS Kernel” (SOSP
2009) — how small a kernel must be to be provable. - Rob
Pike et al., “Plan 9 from Bell Labs” (1995) — the network-as-
computer OS, from Unix’s own authors (Ch 2, 10). - Mark S.
Miller et al., “Capability Myths Demolished” (2003) — the
clearest short argument for capability security over identity
lists.

On the collaboration’s discipline. - The project’s own
CLAUDE.md — reproduced in spirit throughout Chapters 4, 14-
16; the fossil record of an AI’s failure modes, written as law.
To my knowledge the genre — standing instructions from a
project to its amnesiac author — has no prior literature. This
book is, in part, its first field report.
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