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PREFACE

Author's note

Why this exists, who 1t is for, and the standard I have tried to hold 1t to.

did not set out to write a book. I set out to work out how my own firm survives what Al is
doing to software, and the working out turned into a method, and the method turned into

this.

I run a software services company. Over the past four years I watched the expensive part of our
work, writing code, become cheap, and I watched the value quietly move to two things the ma-
chine does not give you: deciding exactly what to build, and proving that what got built is right.
This book is my attempt to make sense of that shift and, more than that, to hand you something
you can use. Every method in it is boxed so you can lift it off the page, run it on your own work

this week, and keep going.

I have tried to hold the book to its own standard. Every claim about a company or a study is
sourced, and the sources are at the back. Where I am reasoning ahead of proof, I say so at the
point of the claim rather than in a quiet confession at the end. The method itself is canonical on
paper and not yet proven end to end, because the reference pilot has not shipped, and I keep
that flag lit throughout rather than hide it behind confidence. A claim you cannot verify is a

claim you cannot own, and that applies to my book as much as to your code.

It is written for three readers at once: the student and the teacher, the working engineer asking
how to stay valuable, and the founder asking how to compete. Each idea is shown once, then read

three ways, so read it from where you stand.

If it is wrong, or thin, or missing something you can see and I cannot, I want to hear it. You can
find me, and the interactive and text editions of this book, at waqgaspitafi.com. Disagreement is

more useful to me than agreement.

Wagas Khan Pitafi

HOW TO READ THIS BOOK

Three readers, one book,
and frameworks you can lift

A book with pictures and commentary both, meant to be read from where you actually stand,
and used, not just admired.



his book makes one argument and then hands you the machine the argument implies.
T Generating software has become nearly free, so value moved to the two things generation
does not give you: deciding exactly what to build, and proving that what got built is correct. The
argument is the reading. The machine is the set of methods, and every major one is boxed so you
can pull it out, run it on your own work, and keep going. That is the point of the boxes marked

FRAMEWORK . They are written to be tested, not believed.

It is also written for three people at once, because the shift lands differently depending on where
you stand. Each idea is shown once, then read three ways. Watch for these three colors; that is

your track, running inline through the whole book.

ACADEMIA - STUDENTS & @ THE WORKING ENGINEER @ THE TECH FOUNDER

TEACHERS Your tools change monthly and you You are trying to work out how to
You are learning or teaching as the want to know how to upgrade your- compete in an AI-driven world.
ground moves. Your question: what self. Your question: how do I stay Your question: how does my firm
should I learn, and teach, now? valuable? survive and win?

The spine is shared. What changes is what you do about it. Read the commentary for the argu-

ment, study the figures for the shape of it, and take the frameworks to your own desk.

The frameworks are live. Every method boxed as FRAMEWORK here is kept in its latest form at wagaspitafi. -
com, alongside the starter kit: the specification, verification, and role files as ready-to-use Markdown you can drop
straight into your own projects. The book is the argument. The site is the toolkit, updated as the practice moves. Read

the book once, then pull the current files when you go to build.



PART ONE

The Shitt

For fifty years the expensive part of software was writing it. That
1s no longer true. This part shows what changed, when, and why 1t

moves everything downstream.




CHAPTER 1 - PART I

The one price that fell

Four eras in _four years, what actually got cheaper, and the difference between generating code
ten times faster and engineering ten times faster.

or fifty years the expensive part of software was writing it. Everything about how our in-
F dustry is organised follows from that one fact: we bill for hours because hours were the in-
put, we hire for throughput because throughput was the constraint, we manage for utilisation be-
cause idle capacity was the waste. One price fell, and every structure built on top of it is now

load-bearing on an assumption that stopped being true.

I want to be precise about which price, because the loose version of this claim is wrong and gets
repeated confidently. The cost of producing a plausible software artifact, meaning a specification,
a design, a screen, a function, a test suite, has fallen close to zero. That is not the same as the cost

of producing a correct one, and the gap between those two sentences is the subject of this book.

Four eras, about four years
The tooling walked through four visible eras in roughly four years, and the through-line is a mi-

gration of where the human sits.

ERA THE MACHINE DOES THE HUMAN DOES

1 - Autocomplete Finishes the line you started. Everything else. Types most of it.

2 - Chat Produces a block on request. Asks, reads, edits, integrates.

3 - Agentic Takes a goal, plans, edits many files, runs the  Sets the goal. Reviews the result.
tests.

4 - Orchestration  Teams of agents work in parallel, Specifies. Verifies. Stands behind it.

asynchronously, for hours.

THE MIGRATION IS THE POINT: FROM TYPING, THROUGH ASKING, TO SPECIFYING AND VERIFYING.

Each era moved the human one notch away from production and one notch toward definition
and judgement. By era four the interesting question is no longer how quickly you can produce a
thing. It is whether you can say precisely enough what you want, and establish reliably enough
that you got it. Both of those are old skills that were previously rationed by the cost of the mid-
dle. When the middle was expensive, you could only afford to specify and verify a little, so most

teams did.



It is worth noticing how quickly the ground moved. A curriculum designed for era one is close to
obsolete by era four, and four years is shorter than a degree. That is not a comment about univer-
sities specifically. It is the reason nobody in this industry gets to be finished learning, and the

reason the durable thing to teach is a way of thinking rather than a toolchain.

The distinction that saves you from the hype
There is a sentence from Google worth carrying around: engineering is programming integrated
over time. We are speeding up programming enormously. We are not, by the same act, speeding

up engineering, and conflating the two produces most of the bad predictions in circulation.

Programming is producing the artifact. Engineering is everything that makes the artifact survive
contact with reality over years: the design that will still be servicable when the requirement
changes, the decisions recorded so the next person understands them, the tests that will catch
the regression in eighteen months, the operational properties, the accountability. Generation

collapsed the first and left the second largely untouched.

This is why the honest version of the productivity claim is so much narrower than the market-
ing. Yes, code generation is dramatically faster. No, that does not mean delivery is dramatically
faster, and the evidence in the next chapter shows the conversion is poor and sometimes nega-
tive. The bottleneck moved rather than disappeared. Everything downstream of generation, re-
view, integration, testing, release, and the human attention that all of those consume, is now car-

rying a load it was never designed for.

What the collapse is, precisely

The collapse is real at the unit level and does not automatically extend to the system level.

At the unit level, a bounded piece of well-specified work, generation is genuinely close to free
and reliable enough to depend on. That is not a small thing. It is the largest change in the cost

structure of this industry in my working life.

At the system level, nothing was free to begin with and nothing became free. The difficulty in a
mature system was never typing. It was understanding what was there, predicting what a change
would break, and holding enough of it in mind to make a decision that would still look right in a
year. The evidence is consistent with this: the measured gains are largest on bounded, well-de-

fined work and smallest, occasionally negative, for experts on complex mature systems.

So the method in this book is, among other things, a machine for decomposing complex work

into many small, well-specified, bounded pieces, because bounded pieces are precisely where the
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collapse is real. You do not get the system-level gain for free. You engineer your way to it, by mak-

ing the system look, to the machine, like a large number of unit-level problems.

Map your team on the four eras

A ten-minute exercise to see where your value actually sits today, and where it needs to move.
1. For your last three features, mark which era each was built in: autocomplete, chat, agentic, or
orchestration. Be honest; most teams are further left than they describe themselves.

2. For each, write where the hours went: writing, reviewing, or specifying and verifying. Estimate if
you must, but write numbers.

3. Draw the real ratio. Most teams find they are still paid as if the middle is the work, while the value
has already moved to the ends.

Try it: take one upcoming feature and deliberately move it one notch right. Spend the hours you would have
spent typing on a sharper specification and a real verification gate, and measure the difference in rework.

Why this is a book about proof rather than about tools

If the price of generation fell and nothing else changed, the correct response would be to gener-
ate more and get on with it. That is roughly what the industry attempted first, and it produced a
measurable rise in duplicated code, a review process under visible strain, and a set of organisa-

tions that are individually faster and collectively no quicker.

The reason is that generation was never the only constraint, only the most visible one. Remove it
and you discover the constraints that were hidden behind it: knowing what to build, and know-
ing whether what you built is right. Those two did not get cheaper. They got more important, be-
cause there is now far more output flowing toward them and the same number of hours to spend

on them.

That is the argument of this book in one paragraph, and everything after it is the machinery.

The next chapter is the evidence, held to a standard I hope you will hold me to.

@ ACADEMIA @ ENGINEER @ FOUNDER

A clean periodisation to teach, with You are somewhere on this line al- Your firm was built for era one eco-
a warning attached: a curriculum ready. Upgrading means moving nomics: hours in, hours billed. The
built for era one is close to obsolete right, from typing toward specifying rest of this book is how to rebuild it
by era four, and four years is short- and verifying, and the move is a for era four without pretending the
er than a degree. change of craft rather than a transition is free.

change of tool.
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CHAPTER 2 - PART I

What the evidence actually says

If you are going to bet a firm on a shift, you want the shift to be real and not a feeling. Six
findings, one pattern, and the one number that should change how you organise a team.

he evidence does not say what the hype says. It does not say AI makes everyone faster and
I better. It says something more useful, and more actionable, and it shows up whether the
study was run by believers or by sceptics: the gains are real, they are unevenly distributed, and

they are conditional on things most organisations have not built.

Take the finding that punctures the hype first, because a chapter that begins with the flattering
evidence has already told you what it is for. In 2025 METR ran a controlled trial with sixteen ex-
perienced developers working on their own mature codebases. With early-2025 tooling they
were about nineteen percent slower on the tasks they completed. They were also certain of the
opposite, with roughly a thirty-nine point gap between the result they felt and the result that was
measured. It is one study, on early tooling, and METR themselves describe it as a historical snap-
shot rather than a standing claim. Carry only this from it: in the setting it measured, the feeling
of speed was real and it was not evidence. That is the whole reason a firm needs a way to mea-

sure rather than a way to feel.

19% SLOWER Experienced developers on mature code, while feeling faster. METR, 2025.

COPY > REUSE 1In 2024 copy-paste overtook code reuse for the first time. The debt bill, across 211 million
lines. GitClear.

+34% NOVICE Versus about +14% on average and near zero for experts. Al compresses the experience gap.
NBER.

56% FASTER On a bounded, well-defined task. Largest gains for the less experienced. GitHub Copilot study.

429% SAME Of successful deployments where the model was interchangeable. The edge is not the model.
Stanford.

3/4 OF CODE Written by Al inside Google, with no measurable increase in outages or drop in reliability.
Google, 2026.

SIX FINDINGS - TWO SCEPTICAL, THREE FAVOURABLE, ONE ON MODEL CHOICE. THE PATTERN IS IN THE
CONDITIONS, NOT THE DIRECTION.

The number that should change how you organise
The most important finding in this chapter is not any of the six above. It comes from Google's

DORA research programme, and it is a shape rather than a magnitude.
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Increasing Al adoption can raise individual productivity while simultaneously reducing

team-level benefit.

Sit with that, because it explains an enormous amount of what people are experiencing and can-
not articulate. Every engineer on a team can be personally faster, sincerely report being faster,
and be measurably faster, and the team can deliver less. There is no contradiction and nobody is
lying. The individual gains are real and they are being consumed somewhere between the indi-
vidual and the delivered outcome, in review queues, in integration, in rework, in the effort of un-
derstanding code nobody wrote, in the coordination overhead of more work in flight than the

system was built to carry.

This is the single strongest empirical argument for everything in Part III of this book. If individ-
ual generation speed converted cleanly into team throughput, method would be a luxury and the
correct strategy would be to buy every engineer the best tools and get out of the way. The para-
dox says otherwise. It says the constraint has moved to the system around the individual, and

that improving the individual further makes the system constraint worse rather than better.

It also disposes of the most common way firms currently measure their Al adoption, which is to
ask engineers whether they feel more productive. METR established that the felt result and the
measured result can differ by thirty-nine points in the wrong direction. DORA establishes that
even a correctly felt individual gain can coexist with a team-level loss. Any measurement pro-

gramme built on self-report is measuring neither.

Amplifier and mirror
The same research programme supplies the frame that makes the paradox tractable, and it is the
most useful sentence in the current literature: Al is an amplifier, and amplification is a magni-

tude rather than a direction.

It will give you more of what you already have. More tests if you test well, more documentation if
you document well, more throughput if your pipeline was already sound. And more confusion,
more debt, more rework and more untraceable decisions if those were the things your organisa-
tion was producing. It does not know which it is amplifying and it has no opinion about where

the output should go.

The corollary is uncomfortable for anyone hoping to buy their way out of a delivery problem.
Google's researchers put it plainly: with well-aligned teams and strong practices, Al accelerates
value delivery, and with fragmented tooling, siloed data or a culture of blame it simply exposes
every one of those bottlenecks faster. It is a mirror as well as an amplifier. A firm whose funda-
mentals are weak will not be rescued by better models; it will be shown its weaknesses at higher

resolution and at greater speed.
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That is why the Stanford finding matters more than it first appears. In a large share of successful
deployments the model was interchangeable, which means owning access to a good model is
owning nothing, because your competitor rents the same one at the same price. Whatever
durable advantage exists is in the layer around the model. Stanford's own word for that layer is
orchestration, and they mean it broadly: process redesign, data quality, governance, integration,
change management. Verification is my narrower bet inside that layer, the part I argue is the
scarce and sellable skill. That reading is mine and not Stanford's, and I would rather say so plain-

ly than borrow their authority for a word they did not use.

The counterintuitive finding about what good looks like

Here is a result that contradicts almost every popular prediction, and it comes from inside an or-

ganisation where three quarters of the code is now written by Al

The engineers who use Al the most are spending more time coding, more time ideating, and
more time collaborating with their colleagues. Not less. The highest-performing engineers there
are more active, not less, even as they delegate more of the execution. The shape of the activity

has changed; the quantity has not collapsed.

This should end a certain genre of speculation about the role dissolving into supervision. What
the evidence describes is not a supervisor watching machines work. It is someone doing more of
the judgement-heavy parts of engineering because the mechanical parts stopped consuming
their week. Whether that is comfortable is a separate question, and Google's own research is can-
did that many developers report a genuine identity threat, having derived so much of their pro-

fessional worth from the craft of writing code itself.

The reliability figure deserves the same care. Three quarters of code Al-written with no measur-
able increase in outages is a genuinely impressive result and it is not a general property of Al-
written code. It is a property of Al-written code inside an ecosystem with a monolithic reposito-
ry, a global test platform running billions of tests a day, a uniform build toolchain and twenty-
five years of accumulated investment in exactly the fundamentals that DORA says determine

whether amplification helps you. The number is real. The conditions are the finding.
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Measure your own gradient, in three weeks

You cannot borrow anyone else's numbers, because the conditions do not transfer. But you can measure
the shape of your own, cheaply, with what you already have.

1. Pick one end-to-end measure and one only. Idea to a user's hands. Not commits, not pull requests,
not lines. If you measure output you will get output, and the paradox is precisely that output and
outcome have decoupled.

2. Establish a human baseline before delegating anything. How long does this class of work take now,
and how often is it wrong. Without a baseline, later improvements are anecdotes and later
regressions are invisible.

3. Measure the verification overhead separately. Time spent checking machine output is the cost that
the productivity paradox is hiding in. If nobody is measuring it, nobody can tell you whether a
delegation was worth it.

4. Compare individual and team level. Ask both questions in the same period. If the individual number
is improving and the team number is not, you have located your constraint, and it is not the model.

Try it: most teams discover their verification overhead is the largest single line and that no one had ever

costed it. That number is the business case for everything in Part III.

What the six findings agree on

Put them together and a single pattern survives, stated as narrowly as the evidence allows.

Generation of plausible artifacts has become fast and cheap, and that gain is largest on bounded,
well-defined work and for less experienced people. It is smallest, and sometimes negative, for ex-
perts on complex mature systems. It does not automatically convert into team throughput, and
can move it backwards. It is conditional on the surrounding system, which amplifies whatever
practices already exist. And the model itself is largely interchangeable, so whatever advantage is

durable must live in the layer around it.

Every one of those clauses points the same way. If the making is cheap and unevenly useful, and
the conversion into delivered outcome is where the losses are, then the valuable work is at the
two ends: deciding exactly what to build, and establishing that what got built is right. That is the
argument of this book, and I would rather it rest on six findings that partly disagree with each

other than on one that flatters it.

What the evidence does not say

Three honest limits, because a chapter about evidence that does not state its own weaknesses is

advocacy.

None of this measures a services firm. METR measured individuals. DORA measures mostly

product organisations. Google measures Google. A forty-person firm delivering to external
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clients across time zones and contracts is not any of those settings, and I am extrapolating.

The tooling moves faster than the studies. Every measurement above describes a capability
level that no longer exists. The METR result in particular is on early-2025 tools and should not

be quoted as a current claim about current tools, by me or by anyone.

The best evidence for the method is the evidence I do not yet have. What would settle this is a
reference engagement run end to end under the method, with the three numbers that matter:
defect escape rate, verification cost as a fraction of delivery, and the margin that resulted. Until

that ships, the honest status is that the method is complete on paper and proven in parts. I keep

that flag lit throughout this book, including in the chapter where I price it.

@ ACADEMIA

The productivity paradox is the
most teachable result here: a sys-
tem-level outcome that moves op-

posite to every individual measure.

Itis also a warning about metrics
chosen for availability rather than
validity.

@ ENGINEER

Assume you cannot feel your own
productivity. The evidence says the
feeling and the measurement come
apart by a wide margin in the direc-
tion that flatters the tool.
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Do not buy tools expecting through-
put. Amplification has no direction,
so the return on tooling is set by the
quality of the system it lands in. Fix
the fundamentals first or you will
simply produce your existing prob-
lems faster.



CHAPTER 3 - PART I

Free to generate, paid to verifty

The bridge that holds the book together. A business claim before 1t 1s an engineering one, and
the exact weight the word “prove”is carrying.

f generating a plausible artifact is nearly free, that generation cannot be your moat, because
I your competitor rents the same models at the same price and, in a large share of successful
deployments, the model turns out to be interchangeable anyway. What is scarce is what you can
charge for. And what is scarce is no longer the making. It is knowing exactly what to make, and

proving that what you made is right.

Four words carry the rest of this book: free to generate, paid to verify. The phrase does two jobs,

and they are worth separating because most people hear only the first.

The first job: where the work went

Verification, the way I mean it, is not testing bolted onto the end of a project. It is the whole dis-
cipline of establishing that an artifact is correct, secure, and aligned with what the client actually
intended. It runs from the specification forward, not from the code backward, and it now sits at

the centre of the craft rather than at its margin.

When anyone can generate a plausible result in seconds, the plausible result is worth nothing un-
til someone can stand behind it. Standing behind it is the scarce skill. That is not a rhetorical
flourish; it is a description of what the market will pay for, and the rest of the book is the ma-

chinery for doing it.

It is worth noticing that this is now a mainstream finding rather than a contrarian bet. Google's
own developer-productivity researchers, studying an organisation where three quarters of the
code is machine-written, state it directly: effective verification has become the bottleneck, and
evaluation cost is a new critical constraint. They arrived there from measurement inside a very
large engineering system. [ arrived there from delivering client work in a small one. That conver-

gence is the strongest support this argument has.

A word on the verb

When I say prove, | mean produce independent, specification-traceable evidence strong enough
that a person will put their name against the result. I do not mean mathematical proof, and the

distinction is not pedantry.
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Testing shows the presence of defects, not their absence. No quantity of green checks establishes
that a system is correct, and any method claiming otherwise is selling something. So “prove” here
is a standard of evidence rather than a guarantee. That is a weaker claim than the word usually
implies, and it is still the whole game, because standing behind a result is exactly what the ma-

chine cannot do for itself and what the client cannot do for themselves.

There is a further limit that the chapter on the oracle ladder develops properly, and it should be
stated here so that nothing later comes as a reversal. The strength of any correctness claim is
capped by the quality of the answer you can check against. Where a trusted external answer ex-
ists, the claim can be very strong. Where none exists, the claim reduces to conformance with a
specification, which is genuinely valuable and is a smaller thing. Any firm selling verification has

to know which of those it is selling on a given engagement, and to charge accordingly.

The second job: the money
You cannot charge for a result you cannot evidence. The moment you propose to be paid for an
outcome rather than for hours, the client's reasonable next question is what makes you so sure,

and the quality of your answer determines whether the conversation continues.

This is why so few firms have moved off time and materials, and the usual explanation, that they
lack nerve, is wrong. They lack the proof. Verification is what converts a result into something
evidenced, and an evidenced result is the precondition for every commercial model that is not
selling hours. Measurement gets you off hours. Verification is what makes the outcome transfer-
able across distance, which is the specific problem of a firm delivering from eight time zones

away, and it is the reason Part V of this book is about pricing rather than about testing.

DECIDE MAKE PROVE

Expensive Collapsed Expensive

What to build, for whom, and what Generating a plausible artifact. Independent, traceable evidence
correct would mean. Specification, Fast, cheap, uneven, and that it is right, and a named person
ambiguity, trade-offs, judgement. interchangeable between vendors.  willing to stand behind it.

VALUE MOVED FROM THE MIDDLE TO THE TWO ENDS. THE PRICE SHOULD FOLLOW IT.
Why the middle collapsing is not the same as the middle disappearing
A caution, because the strong form of this argument is wrong and gets repeated confidently.

Generation got cheap at the unit level: a function, a component, a migration, a test, a bounded
piece of well-specified work. It did not get cheap at the system level, where the difficulty was

never typing. The evidence in the previous chapter is unambiguous on this point: experts on
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complex mature systems saw no gain and sometimes a loss, precisely because in that setting the

bottleneck was understanding rather than production.

So the claim is not that engineering is solved and only judgement remains. It is that the cost
structure changed shape. The parts that were expensive because they took typing are cheap. The
parts that were expensive because they required understanding, decision and accountability are
unchanged in cost and have become a larger share of the total, which is what makes them the

whole of the price.

What this asks of you

The rest of the book is the consequence of accepting the phrase, and it is more demanding than

it sounds, because the implications are organisational rather than technical.

It means the engineer's centre of gravity moves toward specification and verification, which is
Part II. It means the delivery method has to make proof mechanical rather than heroic, which is
Part IIT and the bulk of this edition. It means the firm has to be organised around owning out-
comes rather than selling capacity, which is Part IV. And it means the commercial model has to
change, or the efficiency gain is simply passed to the client as a smaller invoice for the same re-

sult, which is Part V and is the trap most firms are currently walking into without noticing.

The order matters. A firm that changes its pricing before it can produce evidence has sold a

promise it cannot keep, and that is a worse position than billing hours honestly.

@ ACADEMIA

The oracle question, what would
prove this wrong, belongs at the
centre of an engineering education
now, the way it has always sat at
the centre of science.

@ ENGINEER

Before you generate, write down
what would prove the output
wrong. If you cannot, the specifica-
tion is not done, and the model will
fill the gap with plausibility.

19
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The efficiency gain is not yours by
default. Without evidence you can
show a client, it passes straight
through to them as a lower invoice
for identical work.



The Person

A method is abstract until 1t belongs to someone. It belongs to the
engineer who owns the outcome, and owning an outcome 1s exactly

what forces a method into being.




CHAPTER 4 - PART II

The engineer who owns the outcome

A method 1s abstract until it belongs to someone. The shape of the role that now carries i,
why 1t needs more depth rather than less, and the uncomfortable part nobody says out loud.

very method needs an owner, and the owner is not a process. It is a person who is account-
E able for whether the thing works, who cannot discharge that accountability by pointing at
a passing test suite, and whose judgement is the last line before a result reaches a client. Owning
an outcome is what forces a method into existence, because nobody builds gates for work they

are not answerable for.

The question this chapter answers is what that person now has to be good at, and the answer is

more surprising than the usual advice about learning to prompt.

The shape of the role

The most useful description I have found comes from Google's Developer Intelligence team, who
study their own engineers for a living rather than speculating about them. Their finding is that

the top performers are increasingly T-shaped, and that the T has grown two new pieces.

The new layer is working with Al itself: knowing its
constraints in a specific task context, assessing output
quality, and steering it. This is now non-negotiable rather

Working with AI - the new horizontal layer IRT]
than a specialism.

Broad ecosystem knowledge

The two wings widened. Adjacent engineering, meaning
security, privacy, regulation and deployment, is where

Adjacent Adjacent

| oreneene . e machine-generated work does its quietest damage.
security, a, regs Dept business, users X . . . .
P Adjacent non-engineering is business and user context,
S which is what tells you whether the right thing is being
built at all.
VIORE DEPTH, NOT LESS The stem got deeper. This is the counterintuitive part,

and the whole of the next section.
THE EVOLVED T. AFTER GOOGLE'S DEVELOPER INTELLIGENCE RESEARCH, APPLIED TO A SERVICES FIRM.

Why the depth requirement went up

The intuitive prediction was that as machines write more of the code, engineers need less techni-
cal depth and more coordination skill. The observed result is the opposite, and the reason is

worth stating carefully because it is the load-bearing claim of this chapter.
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Depth is what lets you evaluate. When generation was expensive, an engineer's depth was spent
producing correct work. Now it is spent judging whether produced work is correct, and judging
is harder than producing. You cannot assess an architecture you could not have designed. You
cannot spot the subtly wrong locking strategy, the migration that will lock a table in production,
or the query that is fine at ten thousand rows and fatal at ten million, unless you have the depth

that would have let you write them properly in the first place.

Google's researchers put the consequence bluntly: without deep expertise, Al simply lets you do
the wrong things faster, generating technical and cognitive debt at a rate no team can absorb.
The tools do not lower the expertise requirement. They raise the leverage of expertise and the

cost of its absence, which is a different thing entirely and points the other way.

There is a corollary for how work gets organised. If depth is what makes evaluation possible,
then a firm cannot staff verification with its least experienced people, which is exactly what the
old testing pyramid encouraged. The gate needs your strongest judgement, not your cheapest

hours.

You can only stand behind what you can prove
Ownership without evidence is exposure. An engineer who owns an outcome and cannot pro-
duce the evidence for it is not accountable, they are gambling with their name, and the gamble is

worse now because the volume of work passing under that name has multiplied.

This is the personal version of the book's commercial argument. A firm that cannot evidence a
result cannot charge for it. An individual who cannot evidence a result cannot honestly claim it,
and the moment the volume of machine-generated work exceeds what one person can read, the
only sustainable form of accountability is systemic: gates that catch what a person cannot, and

evidence a person can review in the time they actually have.

What this looks like in practice is a shift in what an engineer produces. Code is increasingly not
the first-class output. The first-class outputs are the specification, the criteria, the evidence, and a
shared understanding of the system that survives the person who built it. Google's teams de-
scribe treating that shared understanding as a deliberate deliverable rather than a by-product,

which is a good phrase for a real thing.

Four practices that keep depth from eroding

Depth decays if it is never exercised, and delegating execution removes most of the situations
that used to exercise it. These four are what the best teams have substituted, and all four are

cheap.
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Re-implementation as a learning tool. When an agent produces a working solution, do not sim-
ply accept the first draft. Instruct it to tear the solution down and rebuild it differently, then to
document why it chose differently and what changed. The purpose is not a better implementa-
tion. It is to surface the assumptions the first version made silently, which is the fastest way to

discover that your specification was ambiguous.

Walkthroughs of code you did not write. Have engineers explain systems and decision traces
they had no hand in producing. This is how the shared mental model gets built now that nobody
acquires it by typing. It is also the only reliable way to notice that your team's understanding of

its own system has quietly diverged.

Analogue architecture. Whiteboards are at a premium in the teams doing this well, which sur-
prised me and then stopped surprising me. Manually tracing a pipeline builds a model that no
amount of reading generated code produces, and it forces the assumptions into the open before
an agent encodes them. If you want a fast diagnostic on how much intellectual control your team
has over its own system, ask five people to draw its architecture and count how many different

pictures you get.

Role and skill files, versioned like code. Codify what good looks like for each agent: its behav-
ioural constraints, the conventions it must follow, the recipes for working inside your system.
The discipline of writing them is the point as much as their effect, because being forced to state
what good looks like, repeatedly and in writing, is what keeps an engineer's own standards ex-

plicit rather than tacit.

Audit your own T

Twenty minutes, honestly. The purpose is to find the one weak segment, because the T fails at its weakest
part rather than averaging out.

1. Depth. Name the domain where you could catch a subtle error that a competent generalist would
miss. If you cannot name one, that is your finding.

2. The Al layer. Can you state where your current tools reliably fail on your kind of work? Not in
general, on your work. Vague confidence here is the most common gap.

3. Adjacent engineering. Could you say what happens to this system's security posture, cost and
failure modes at ten times the volume? This wing is where quiet catastrophes live.

4. Adjacent non-engineering. For your current feature, who is the user, what will they do differently,
and what is it worth? If you cannot answer, you are executing, not owning.

Try it: most engineers find the fourth is weakest and the third is the most dangerous. Spend the next
quarter on the third.
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The uncomfortable part

This shift is not experienced as an opportunity by everyone, and a book that presented it that

way would be dishonest.

Google's own research is candid that many developers report a genuine identity threat, because
so much professional worth has historically come from the craft of writing code itself. Being told
that the craft is now the cheap part, and that your value has moved to specification, judgement
and accountability, is not a promotion if the thing you loved was the craft. Some of the best en-
gineers I know are quietly grieving, and the industry's relentless enthusiasm makes that harder

to say out loud.

The honest response is not reassurance. It is that the work at the two ends is real engineering,
that it is harder than what it replaced, and that the people who are good at it will be more valu-
able than they were. That is true and it is not the same as saying nothing has been lost.
Something has. The role is not vanishing, it is moving up the abstraction stack, and moving up

means leaving something behind.

@ ACADEMIA @ ENGINEER @ FOUNDER

Depth is not obsolete, it is the pre- Pick the seat deliberately. Do not staff the gate with juniors.
condition for evaluation. A curricu- Orchestration, specification, verifi- Evaluation requires more depth

lum that responds to Al by teaching cation and experience are distinct than production did, so your strong-
more breadth and less rigour pro- crafts now, and verification is the est judgement belongs at accep-
duces graduates who cannot tell one growing fastest and staffed tance rather than at the keyboard.
whether the machine is wrong. thinnest.
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CHAPTER 5 - PART II

Delegate tasks, not judgment

Where the line actually sits, what moves it, and the trap of measuring a delegation by how
fast 1t went rather than by what it cost to check.

our words, from the engineers at Google who study this for a living, and they are the most
I portable rule in this book: delegate tasks, not judgment. Everything difficult about work-
ing with agents is contained in deciding which is which, and the decision is not obvious, because

a great deal of what looks like a task turns out to contain a judgement wearing a task's clothes.

The rule matters most when the work is going well. A model that is producing good output in-
vites you to widen its remit, and the widening is gradual, and nobody notices the moment a
judgement crossed the line. That moment is invisible in the pipeline, invisible in the tests, and

visible only in an outcome nobody can explain afterwards.

The distinction, precisely

A task has a determinable right answer. Somebody could check it, the checking procedure exists
or could be written, and two competent reviewers would agree on the verdict. Translating a pro-
gram into another language with its tests attached is a task. Classifying a failure by its type is a

task. Assembling evidence into a review packet is a task.

A judgement is a decision under genuine uncertainty where the right answer depends on values,
on context that is not written down, or on accountability. Whether this trade-off between laten-
cy and cost is right for this client is a judgement. Whether this ambiguity in the requirement
should be resolved one way or the other is a judgement. Whether this system is ready to meet the

world is a judgement.

The test is not difficulty. Plenty of tasks are harder than plenty of judgements. The test is
whether a verdict is determinable, and the diagnostic question is the one from the oracle ladder:
what exactly would you compare the answer against? If the honest answer is that somebody
would have to decide, you are looking at a judgement, and delegating it does not remove the de-

cision. It only removes the deciding from anyone who could be held to it.

The stop conditions

Abstract rules do not survive a busy week, so the line has to be written down as specific mo-
ments where an agent must stop and a human must act. The clearest version of this list I have
seen comes from Fakhar Khan's agent playbook, and it generalises well beyond the workflow it

was written for.
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The delegation boundary

Written down, in the operating file, where agents read it. Not a principle in someone's head.

1. Agents own, without asking: pre-review compliance scanning, failure triage and classification,
assembling checklists and evidence packets, routing work to the right reviewer, executing a merge
that has already been approved.

2. Agents stop, always, before: merging to a protected branch, promoting to production, overriding a
failed gate, and accepting an ambiguous result from a staging environment.

3. Humans own: contradictory requirements, ambiguous failures, the four gate moments, and every
trade-off where the right answer depends on what the client values.

4. The line moves only on evidence, never on how well things have been going. The next section is
what evidence means here.

Try it: write your version of this list today, before you need it. A boundary invented during an incident is not
a boundary, it is a rationalisation.

Notice the shape of the stop list. Every item is a point of irreversibility or of unresolvable ambi-
guity. That is not a coincidence; it is the whole principle. Agents may do anything that can be
checked and undone. They stop where a mistake would be expensive to reverse or impossible to

detect.

The automation trap

Now the failure that costs firms the most, and it is not agents doing something dramatic. It is del-

egation that appears to work and quietly costs more than it saves.

The mechanism is simple. A task is delegated. It comes back fast, which is visible and feels like a
win. Checking it takes a while, which is diffuse and invisible and lands on someone else. Nobody
totals the second number, so the delegation is recorded as a success and repeated, and the verifi-
cation overhead accumulates somewhere off the books, usually in the calendar of whoever is se-

nior enough to catch the errors.

This is the individual-level mechanism of the productivity paradox from Chapter 2. Every dele-
gation is locally rational and the aggregate goes backwards. It is not solved by better judgement
about what to delegate, because the information needed to judge is exactly what nobody is

collecting.
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Escaping the automation trap

Three measurements. None requires new tooling, and together they turn delegation from a preference into
a decision.

1. Establish a human baseline before you delegate. How long does this class of work take a person
now, and how often is it wrong? Without it you cannot tell improvement from regression, and you will
believe whichever the tool's marketing suggested.

2. Measure verification overhead as a first-class number. Time spent checking machine output,
counted separately, per class of work. This is the number the trap depends on nobody having.

3. Run experiments where the probability of success is highest, and expand only from proven
ground. Pick the bounded, well-specified, oracle-rich work first. Climbing to a win teaches the team
what good delegation feels like; starting with the hardest case teaches them that agents cannot be
trusted.

Try it: for one class of work this month, record both numbers. The ratio of verification time to generation

time is the single most useful figure you will have about your own adoption.

Teams of agents, and the sprawl problem
Once the boundary is written down, the next question is structural: how many agents, doing

what, and how do you keep track.

The evidence favours small, differentiated teams over one general-purpose assistant. Google's
TensorFlow migration work, which is delicate and high-consequence, used a strict three-agent
architecture rather than a single chatbot: a planner that generates verifiable migration steps, an
orchestrator that groups them, and a coder that executes. Each has one job, each hands to the
next, and each can be evaluated separately, which is what makes the pipeline debuggable when it

goes wrong.

The archetypes worth naming, and this vocabulary comes from Fakhar Khan's playbook, are an
analyst that maps and digests, an assistant that packages, a guardian that scans and gates, an or-
chestrator that coordinates and prioritises, and a tasker that executes. The precise names matter
less than that they are distinct and written down, because an agent with two jobs will do the easi-

€r one.

There is a practical ceiling. Three to five agents is the range where a person can still meaningfully
track what happened and why, and beyond it the coordination cost starts to eat the gain. This is
a soft limit and tooling is improving, but it is a good default, and a team running fifteen agents

that cannot reconstruct a decision has not scaled its capability, only its output.

Two roles are worth adding deliberately because they are the ones that catch what the others

miss. Adversarial reviewers, instructed to find divergence rather than to confirm, which is the
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panel from Chapter 8 in its everyday form. And red teams, asked to explain how they would ex-
ploit the system, which trains both the system and the person reading the answer to see the work

through an attacker's eyes rather than a builder's.

Reading the traces
One practice deserves singling out because it is cheap, unfamiliar, and produces findings about

the system rather than about the agent.

Have agents reflect and document at the end of a run: where they got stuck, where instructions
were unclear, where they were unable to reach something they needed. Google's teams call this
agent journaling. Reading it is more interesting than it sounds, and the useful findings are almost
never about the model. If an agent consistently struggles to use an internal tool, you have a tool
usability problem that was previously invisible because humans had silently routed around it for
years. If it repeatedly misreads the same instruction, that instruction is ambiguous and has prob-

ably been misleading new engineers too.

This is the same move as the oracle ladder and the denominator: treating the machine's difficulty
as evidence about your system rather than as a deficiency in the machine. It is the cheapest

source of true findings about your own environment that I know of.

@ ACADEMIA

The task and judgement distinction
is a genuinely new competency and
it maps onto old philosophy of sci-
ence. Teach students to ask what
would settle a question before ask-
ing who should answer it.

@ ENGINEER

Write your stop list before you need
it, and keep it where the agents
read it. Then measure what check-
ing costs you, because that number
is the one deciding whether your
delegation is working.
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Verification overhead is a line item
you are already paying and proba-
bly not counting. Count it, and the
argument for method makes itself
without any help from a book.



PART THREE

The Engine

The method, as building blocks. One rhythm repeats at every

scale: produce a thing, verify it independently, gate it. Nothing

moves forward on looking finished.

- | Verifty | -




CHAPTER 6 - PART III

The belt

Five phases, a gate between each, humans at the two ends. What every phase produces, what
its gate checks, and the way each one fails.

method has to be more than good intentions about quality, or it collapses the first time a
A deadline leans on it. This one organises work as a belt of stages with a gate between each.
At each stage something is produced; it is verified; a gate passes it or fails it; and only a passed
artifact feeds the next stage. Produce, verify, gate. The rhythm is boring and relentless, and that

is precisely its power, because nothing moves downstream on the strength of looking finished.

Looking finished is the specific danger of this era. Generated work is plausible by construction. It
has the shape of correct work, the vocabulary of correct work and the confidence of correct
work, and the old heuristic that shoddy-looking output is probably shoddy has stopped func-
tioning. The belt exists to replace a judgement humans can no longer make by eye with a se-

quence of checks that do not care how something looks.

The belt is recursive, and that is the part people miss

The obvious reading of a five-phase method is that you verify at the end. That reading produces

a waterfall with extra vocabulary, and it fails for exactly the reasons waterfalls fail.

The actual claim is stronger and stranger: every artifact runs its own miniature belt. The specifi-
cation is specified, built and verified before it is allowed to feed design. The design is specified,
built and verified before it feeds the build. The test suite is an artifact too, so it is specified, built
and verified before it is trusted to gate anything, which is the step nearly everyone omits and the
reason so many suites are decorative. Verification is not a phase at the end. It is a property of

every handoff in the system.

Once you see it that way, the question at every boundary becomes the same one, and it is an-

swerable: what would make this artifact wrong, and what did I compare it against to find out?
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PHASE

1 - Spec
human owns

PRODUCES

A brief with a testable acceptance
criterion per scope item, non-goals, and
an ambiguity log.

GATE CHECKS

Is every criterion checkable? Is it
feasible against the data and systems
that actually exist?

2 - Design Architecture, the isolated rule engine, Does every scope item map to a module
the functionality map, and the tests that ~ and a check? Any orphans?
will later prove it.
3 - Build Working code, task by task, with its tests ~ Does it run, and does it match the design
agents own generated alongside rather than after. it claims to implement?
4 - Verify The evidence: the pyramid run, the Every applicable layer green, every
conformance register, the list of what conformance row PASS, every gap
was not run. owned.
5 - Operate A green pipeline, observability, and Is the pipeline actually green, and did

human owns

learnings fed back into the method itself.

anything learned change the rules?

HUMANS AT THE TWO ENDS WHERE THE MACHINE CANNOT GRADE
ITS OWN WORK

THE BELT: FIVE PHASES, GATES BETWEEN,

Phase one, specification

Produces a short brief, deliberately lighter than a functional specification, in which every scope
item carries an acceptance criterion someone could check. Its gate asks two questions: is each
criterion actually testable, and is the whole thing feasible against the data and systems that exist
rather than the ones the specification assumes. It fails when it is treated as paperwork on the

way to the real work, which teams still privately believe is the code.

That belief is the most expensive mistake in the method, and it inverts the entire idea. The speci-
fication is not a description of the work. It is the manufacture of the ability to know you were
right later. Rush it and the verify phase has nothing to check against, which does not produce

visible failure; it produces a verify phase that runs, passes, and means nothing.

Phase two, design

Produces the architecture, the data model, an explicitly isolated rule and calculation engine, a
map from each feature to the modules and interfaces that will carry it, and, critically, the accep-
tance tests themselves. Its gate checks that every scope item lands somewhere and that nothing
in the design is unreachable from the brief. It fails through orphans in both directions: a module

nobody asked for, or a requirement that maps to nothing.

Isolating the volatile logic deserves its own sentence, because it is the design decision that most
affects the cost of everything after it. Business rules, pricing, eligibility, tax treatment, anything

that changes because the world changed rather than because the software was wrong, is separat-
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ed so it can move without a rebuild. Teams that skip this discover that every rule change is a de-
ployment, and that every deployment is a full re-verification of things the change could not pos-

sibly have touched.

Phase three, build

Produces working code, one task at a time, with tests written alongside rather than afterwards.
Its gate is unglamorous: does it run, and does it match the design it claims to implement. It fails

when the agent improvises around something the plan did not anticipate instead of surfacing it.

This is the phase that got cheap, and it is therefore the phase that deserves the least of your at-
tention, which is the exact opposite of how most teams still allocate their week. The discipline
here is not craft. It is decomposition: the belt is, among other things, a machine for breaking
complex work into small, well-specified, bounded pieces, because bounded pieces are precisely
where generation is reliable. The collapse in cost is real at the unit level. The method is how you

earn it at the system level.

Phase four, verify

Produces evidence: the pyramid run at the right cadence, a conformance register showing deliv-
ered against approved, and an explicit list of what was not run and why. Its gate is the four-part
test at the heart of this book: generated tests covering the acceptance criteria; evaluations of
every calculation, decision and model behaviour, or an explicit statement that there are none; se-
curity and compliance checks appropriate to the domain; and attribution of what was machine-
generated. It fails in the one way this book returns to repeatedly: green plumbing reported as

conformance.

Phase five, operate

Produces a pipeline that stays green, observability sufficient to see what is actually happening in
production, and a feedback path into the method itself. Its gate is whether anything learned this
cycle changed the rules. It fails silently, by being skipped, which is why most methods are frozen

at the state of their author's last bad experience.

The rules in this book are almost all scar tissue. Two of them exist because of specific incidents
recorded in the previous chapter. A method that cannot absorb its own failures is a document;

one that can is an asset, and the difference between them is entirely in whether phase five is real.
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Run the belt on one feature this week

You do not need to adopt a method to feel one. Take a single small feature through all five phases by hand,
and notice which phase your team finds uncomfortable.

1. Spec. Write what correct means before any code, with one acceptance criterion per scope item, and
log every ambiguity as a question for a human rather than resolving it yourself.

2. Design. Map each item to a module, and write the acceptance checks now, while you still remember
what you meant.

3. Build. Let the agents do it. Resist reviewing the code line by line; that is not where your attention is
worth most.

4. Verify. Run the checks written in phase two, gated by someone or something that did not write the
code.

5. Gate. Ask for the conformance row. If it does not exist, the feature is in progress.

Try it: the phase your team resists is diagnostic. Resistance to spec means they do not believe the work can
be specified. Resistance to verify means they have never seen a gate catch something. Both are worth
knowing.

What the belt is not

It is not a waterfall. A waterfall runs the phases once, for a project, over months, with the gates as
approval meetings. The belt runs them per artifact, continuously, with the gates as checks that a
machine can mostly perform. The difference is cadence and it is total: a belt that runs weekly on
small artifacts is a control system, and the same five phases run once over nine months is a way

of being wrong slowly and expensively.

It is also not a request for more documentation. Everything the belt produces is load bearing.
The brief is the oracle, the design is what conformance is measured against, the criteria are the
executable checks, and the register is the evidence. If an artifact in your version of this is not be-
ing checked against or checked with, delete it. Documentation that nothing consumes is exactly

the overhead that gives methods their bad name, and the belt has no room for it.

@ ACADEMIA @ ENGINEER @ FOUNDER

The recursive reading is the teach- Your leverage moved to phases Fund the front of the belt. Every
able one: every artifact has a cor- one, two and four. The hour you ambiguity removed at specification
rectness standard and gets verified used to spend polishing an imple- is a defect that never has to be
against it, including the test suite. mentation is worth more spent found, argued about with a client,
Students taught only the linear ver- making an acceptance criterion and fixed for free.

sion will build waterfalls and call unambiguous.

them belts.
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CHAPTER 7 - PART III

The spec is the oracle

Why the source of truth moved out of the code, what makes a criterion checkable, and the one
control that does more work than any other in this book.

verything downstream is verified against the specification, never against the code that was
E generated. That sentence sounds procedural and it is actually the whole architecture. An
oracle is the thing you check answers against, and in most commercial software the specification
is the only oracle you will ever have, which means the precision of the specification sets a hard

ceiling on the strength of every claim you can make about the result.

This is a genuine reversal, not a restatement of good practice. For fifty years the code was the
source of truth: specifications went stale, the implementation was what actually happened, and
any competent engineer read the code to find out what the system did. That was correct when
writing code was expensive and therefore deliberate. It stops being correct when a system's code
can be regenerated in an afternoon from a description, because at that point the code is the

cheap, disposable, downstream artifact and the description is the asset.

Google's developer-productivity researchers describe the same movement in their own terms: as
more execution is handled autonomously, the fundamental source of truth shifts away from the
code itself and toward the structured intent captured upfront. Their engineers write specifica-
tion files, which they characterise as product thinking made explicit. That is the same reversal
reached from a completely different direction, and it is worth more to this argument than any

number of citations agreeing with its conclusion.

What makes a criterion checkable

A specification is not a document, it is a set of claims that can each be shown true or false. The
test is mechanical: could a person who has never met your team, given only this sentence and ac-
cess to the system, decide unambiguously whether it holds? If two competent people could reach

different verdicts, it is not a criterion, it is a preference.
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NOT A CRITERION A CRITERION

”

“The report should load quickly. Renders in under 2s at p95 with 10,000 rows, fixtures

attached.
“The system must be secure.”

Every admin route returns 302 to login for an

Handle errors gracefully. unauthenticated caller; probe PEN-1.

“R ile with the ledger.”
econcriewl ¢ ledger A malformed payload returns 400 with a machine-
readable code and writes no row.

Totals match the closed period to the cent across all
14,206 records; denominator reported.

THE DIFFERENCE IS NOT DETAIL. IT IS WHETHER DISAGREEMENT ABOUT THE VERDICT IS POSSIBLE.

Notice what the right-hand column has that the left does not. Each carries a threshold, a popula-
tion, and an identifier. The threshold makes the verdict binary. The population stops the check
quietly narrowing to the cases that pass. The identifier is what lets the criterion, the check that
verifies it, and the report that records the result all refer to the same thing, so that six months
later somebody can ask which claims were actually verified and get an answer rather than an

impression.

The ambiguity rule

Now the control that does more work than any other in this book, and it costs nothing to adopt.

Ambiguities are surfaced as open questions to a human. They are never resolved by the ma-

chine filling in a guess.

The reason this matters more than any test is the failure it prevents. When an agent meets an un-
derspecified requirement it does not stop, because stopping is not what it does. It selects the
most plausible reading and proceeds with complete confidence. That reading then becomes an
assumption in the design, which becomes a structure in the code, which becomes the expected
value in the tests, which becomes a green result on a dashboard. By the time anyone notices, the
misunderstanding is three layers deep and every layer confirms it, because every layer inherited

it from the same source.

This is the defect class that verification is least able to catch, and the reason is structural rather
than incidental. Every layer of the pyramid below the human gate compares the system against a
statement derived from the same misreading. The independence rule does not help, because in-
dependence between artifacts does not create independence between interpretations. There is
exactly one place in the pipeline where this can be caught cheaply, and it is before any code

exists.
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The ambiguity log

One table, maintained during specification, closed before the lock. The most valuable artifact in the method
per line of effort.

1. Every question, recorded when it is noticed. Not resolved on the spot by whoever noticed it.
Written down with the reading that was tempting and the alternative.

2. Routed to a named human who owns the answer, usually on the client side. The question is theirs,
not yours to reason about.

3. Answered in writing, and the answer folded back into the criterion so the specification now settles
it.

4. Counted at the lock. An open ambiguity is a blocker, not a note. The count going to zero is what
makes the lock mean something.

Try it: instruct your agents explicitly to log ambiguities rather than resolve them, then read the log. On a
first run most teams find between ten and forty on a mid-sized feature, and are startled by how many their

previous process resolved silently.

The feasibility review, and why a lock needs one

A specification cannot lock on precision alone. It also has to be possible. The review that pre-
cedes the lock is run by the person who owns the outcome and checks the specification against
reality: the dependencies that exist, the interfaces that are actually exposed, the data that is gen-
uinely available as opposed to the data the specification assumes, confirmed directly with the

client's technical contact rather than inferred from a document.

A specification that is precise, testable and infeasible is more dangerous than a vague one, be-
cause it commands the full confidence of everything downstream. The belt will faithfully build
toward it, the checks will faithfully verify against it, and the whole apparatus will produce beau-
tifully evidenced progress toward something that cannot ship. Precision without feasibility does

not fail loudly; it fails late.

Machine-readable intent

Something practical has changed about the form of specifications, and it is worth being concrete

because it is where most of the near-term leverage sits.

The audience for a specification is no longer only human. It is also every agent that will act on it,
which means the document has to be legible to something that reads literally, has no institution-
al memory and will not ask a colleague what was meant. Teams at Google have stopped writing
product requirement documents in the old form for this reason, and write structured files that a
model can consume directly instead. One of their design teams codified an entire visual language

into a single file that any agent can read and obey.
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In practice this means three artifacts live beside the code, in version control, reviewed as code,

because they now function as code.

The specification file carries scope, criteria, non-goals and the ambiguity log. The operating
file carries how this team works: the conventions, the gates, the definition of done, the rules that
are mandatory and the ones that are advisory. The role and skill files carry what each agent is
for, what it may decide, and where it must stop and ask. All three are read by machines on every
task, which makes them the highest-leverage writing in the organisation and the reason a sloppy

sentence in an operating file is now a defect rather than a nuisance.

There is a trap here that the publication of this book walked straight into, and it is instructive.
Text in a repository is not inert. A document explaining a problem, written in the same reposito-
ry as the system, was scanned by the build and its prose was interpreted as instruction. The les-
son generalises: once agents read everything, the distinction between describing something and
specifying it stops being carried by tone or context. It has to be carried by structure, by location,

and by explicit convention about which files are authoritative.

Specifications with tests are a different kind of object

The deepest version of this chapter's claim comes from a demonstration rather than an argu-

ment, and it is the most useful thing in any of the material I reviewed while writing this edition.

Ask a model to write a program from a natural-language description and you have given it an ill-
specified problem. It must invent hundreds of details the description never settled, and each in-
vention can be wrong without being detectably wrong, because nothing exists to detect it
against. Now give the model an existing program together with its test suite and ask it to trans-
late the whole thing into another language. That is a fully specified problem. The tests are the
specification, they are executable, and they will say whether the translation preserved behaviour.
Google rewrote a set of internal tools this way and made them ten to twenty times faster, at

roughly a night of machine work each.

The reason that works is not that translation is easy. It is that a specification with executable ac-
ceptance criteria is a contract rather than a description, and contracts can be checked mechani-
cally at any scale. This is the practical meaning of the phrase that titles this chapter, and it points
at where a services firm should be aiming: not at writing better prose about requirements, but at

converting requirements into artifacts that can adjudicate their own satisfaction.

It also explains why replacement and modernisation work is the natural first market for this
method. In that work the contract already exists, in the form of a system whose behaviour can be

observed and captured. You are not writing a specification from imagination. You are extracting
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one from something that already runs, which is a far more tractable problem and a much

stronger position to sell from.

Stress-test the spec before anyone builds against it
Specifications are artifacts, so they get verified like artifacts. Four passes, an hour in total, before the lock.
1. The checkability pass. For each criterion: what exactly would you compare against, and could two

competent people disagree about the verdict? Rewrite every one that fails.
2. The collision pass. Have an adversarial reviewer, human or model, look for criteria that contradict
each other or that cannot be simultaneously satisfied. This is the cheapest defect you will ever fix.

3. The oracle pass. Put each criterion on the ladder from the previous chapter. If most of the value sits
on the bottom rungs, you have learned something important before writing any code.

4. The feasibility pass. Against the real data, the real interfaces, the real permissions, confirmed with
the person who actually knows.

Try it: run the collision pass on a specification you have already locked. The contradictions you find were
going to be discovered anyway, in build, by an agent, silently resolved in whichever direction it happened to
read first.

The uncomfortable part

Everything in this chapter costs time at the front of an engagement, at the exact moment when
the client is most eager to see something working and the team is most eager to show them. The
pressure to skip it is real and it is not stupid. Specification feels like the phase where nothing

happens.

The honest answer is that it is the phase where the ability to know you were right gets manufac-
tured, and there is no later opportunity to manufacture it. Every hour of ambiguity left in the
specification is paid back with interest in the verify phase, where it appears as a defect nobody
can adjudicate because there is nothing to adjudicate against. It is also, commercially, the only
phase whose output you own permanently: the code will be regenerated, but the specification

and the criteria are the assets that make the next engagement cheaper.

@ ACADEMIA

Teach specification as an exe-
cutable artifact rather than a docu-
ment. The exercise that transfers is
the one where students must state,
for each requirement, what evi-
dence would falsify it.

@ ENGINEER

Log the ambiguity instead of resolv-
ing it. It feels slower for a week and
then it is the habit that stops you
building three layers on top of a
guess.
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@ FOUNDER

The specification is the durable as-
set in an engagement, not the code.
Price it as work, own it contractual-
ly, and make its quality the thing
your firm is known for.



CHAPTER 8 - PART III

The pyramid, layer by layer
What each layer proves, what it cannot prove, what it costs, and the specific way it fails.

Enough to build one, not to admire one.

verification pyramid is not a diagram of increasing rigour. It is a stack of blindnesses.
A Each layer exists because the layer beneath it is structurally incapable of seeing a particu-
lar class of defect, and no amount of running the cheaper layer harder will ever produce the an-
swer the dearer one gives. That is the whole design. If you cannot say what class of defect a layer
catches that nothing below it can, you do not need that layer, and if you cannot say what it is

blind to, you do not yet understand it.

This matters because the most common failure in verification is not a missing layer. It is a team
running six layers that all share one blind spot, feeling six times as safe, and shipping the defect
that every one of them was constitutionally unable to see. Depth without diversity is theatre. So
each layer below is described the same way, in six parts, and the two that people skip are the two

that matter most: what it cannot prove, and how it fails.

Six questions, asked of every layer

The same six, in the same order, for all eight layers. If you are building your own stack, these are the six
things you have to be able to answer before a layer earns its place.

1. Proves. The class of defect this layer, and only this layer, reliably catches.

2. Cannot prove. What it is structurally blind to, no matter how much of it you run.
3. Entry. What must be true before running it is meaningful rather than noise.

4. Exit. What "green" is actually allowed to mean when it passes.

5. Cost and cadence. What it costs, and therefore how often you can honestly run it.

6. Failure mode. The characteristic way this layer lies to you.

Try it: take the one layer your team already runs well, and answer all six about it in writing. Most teams can
answer four. The two they cannot answer are usually where their real defects live.

Layer O - Static

Proves that the artifact is well formed: it parses, it type-checks, its dependencies resolve, its se-
crets are not committed, its style is uniform. Cannot prove anything at all about behaviour. A
program can be perfectly typed and perfectly wrong. Entry: the code compiles at all. Exit: green
means the shape is legal, and nothing more. Cost: seconds; run it on every change, on every ma-

chine, before anything else. Failure mode: the false sense of rigour. Static analysis is the layer

39



teams over-invest in precisely because it is cheap and produces a satisfying number of findings,

most of them cosmetic.

In the agentic era static analysis acquires a second job it did not have before, and it is the more
important one. Generated code is syntactically plausible by construction, because plausibility is
what the model optimises. The old signal, that broken-looking code is probably broken, is gone.
What static analysis now buys you is not defect detection but the elimination of an entire cate-
gory of noise, so that the layers above are looking at a clean artifact and their findings mean

something.

Layer 1 - Unit

Proves that a bounded piece of logic does what its author intended, at the boundaries the author
thought of. Cannot prove that the author thought of the right boundaries, that the pieces com-
pose, or that the intention was correct. A unit test encodes an intention; it cannot audit one.
Entry: the unit has a describable contract. Exit: green means this function behaves as this au-
thor expected, in the cases this author enumerated. Cost: seconds to minutes; every change.
Failure mode: the tautology. The test asserts what the code does rather than what the require-

ment said, and it will pass forever, including through the requirement changing underneath it.

The tautology problem becomes acute when the same chain writes the code and its tests, which
in agentic development is the default rather than the exception. Ask a model to implement a
function and test it, and you will reliably get a passing suite. You will not reliably get a suite that
would fail if the function were wrong, because both artifacts are downstream of the same read-
ing of the requirement. This is the origin of the independence rule stated later in this chapter,

and it is why builder tests are a build-time convenience and never a gate.

The mutation check: does this test do anything?

A five-minute audit that tells you whether a green suite is load bearing or decorative. Run it on your most
trusted test file.

1. Break the code on purpose. Invert one condition, off-by-one an index, return a constant, drop a null
check. One change at a time.
2. Run the suite. If it still passes, that test was decoration. You have just measured it.

3. Count. Do it ten times in the paths that matter. The proportion that fails is the real strength of that
layer, and it is usually far lower than the coverage number suggests.

Try it: coverage tells you which lines were executed. Mutation tells you which lines were checked. They are
different numbers and only the second one is evidence.
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Layer 2 - Property

Proves that an invariant holds across inputs nobody enumerated, by generating them. Round
trips, orderings, conservation laws, idempotence, monotonicity, the arithmetic that must always
balance. Cannot prove that you chose the right invariants, and it will not find defects in be-
haviour you never characterised as a property. Entry: you can state something that must be true
for all inputs. Exit: green means this invariant survived a sample of the input space, not the
whole of it. Cost: minutes; sampled on every change, exhaustively at milestones. Failure mode:
the sample that never reaches the interesting region, so the property passes for a year and breaks

on the first real-world input outside the generator's imagination.

Property testing is the highest leverage layer that most services teams do not run, and the reason
is cultural rather than technical: it requires you to state what must always be true, which is un-
comfortable, because a team that cannot state its invariants discovers that it did not have any.
That discovery is worth the discomfort. In practice the exercise of writing the properties finds

more defects than running them does, which is a pattern you will see repeatedly in this book.

Layer 3 - Integration

Proves that the pieces talk to each other correctly against real dependencies: a real database, a
real queue, the real serialisation. Cannot prove that the assembled system does what the cus-
tomer asked for. Entry: a disposable but genuine environment, seeded to a known state. Exit:
green means the seams hold under the conditions you constructed. Cost: minutes to tens of min-
utes; on merge, not on every keystroke. Failure mode: the mock that has drifted. An integration
test standing on a stub of the dependency is a unit test wearing a costume, and it will keep pass-

ing after the real dependency changes its behaviour.

This layer is about to become the centre of gravity of the whole stack, and the reason is a piece
of arithmetic from Google's own ecosystem. As a codebase grows, the dependency graph grows
quadratically rather than linearly. Ten times the code does not mean ten times the tests; it can
mean a hundred times, or a thousand. At that point the strategy of running everything on every-
thing stops being expensive and starts being impossible, and the question changes from "did all
the tests pass” to "which tests were worth running for this change." That is a fundamentally dif-
ferent discipline, and the teams that have never had to make the choice will make it badly under

pressure.

There is a subtler consequence. Shipping today rests on a conjunction of Booleans: every test
green, therefore ship. That works while the number of tests is small enough that the reliability of
the test infrastructure itself is not in question. Run a million tests and it is in question, because

the probability that all million report truthfully is no longer close to one. Somewhere ahead of
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most teams is the moment when the release decision has to become statistical rather than abso-
lute, and no one has a good answer yet. Say so, plan for it, and do not pretend the conjunction

will hold forever.

Layer 4 - Acceptance, from the spec

Proves that the delivered thing satisfies the criteria written before it was built, checked by some-
thing that did not build it. Cannot prove that the spec was right. Acceptance inherits every error
in the specification and launders it into a green result. Entry: a spec with testable criteria, writ-
ten first. Exit: green means delivered matches approved, which is the only definition of done
this book accepts. Cost: tens of minutes; on merge and at milestones. Failure mode: criteria
written after the code, from the code, which is the most common way a team converts verifica-

tion into an expensive way of restating what it already built.

This is the first layer that can catch a defect of intent rather than a defect of execution, which is
why it is the hinge of the pyramid. Everything below it asks "does this work." This layer asks "is
this the thing we agreed to build," and in a world where execution is nearly free, that is the ques-
tion that carries the money. It is also the layer that must be traceable: every criterion should have
an identifier that appears in the spec, in the probe that checks it, and in the report that records
the result. Traceability is not bureaucracy here. It is the only thing that lets you answer, six

months later, which claims were actually checked.

Layer 5 - Reconciliation against ground truth

Proves that outputs match a trusted external answer: a legacy system, a reconciled dataset, an
audited report, an expert's adjudication. Cannot prove anything at all where no such answer ex-
ists. Entry: an oracle, and a defensible mapping from its answers to yours. Exit: green means the
system agrees with reality on the cases reality has already ruled on. Cost: high, in access and in
time; at milestones. Failure mode: reconciling against an oracle that is itself wrong, or quietly

narrowing the comparison until only the agreeing cases remain in it.

Reconciliation is the strongest layer in the stack by a wide margin, because it is the only one that
compares the system against something outside the team's own beliefs. Every layer below it com-
pares the system against a statement the team wrote. That is also its limitation, and it is severe
enough to deserve a chapter of its own, which is the next one. For now the honest summary is
this: the strength of your entire correctness claim is bounded by the quality of the oracle you can

reconcile against, and on genuinely new features there frequently is not one.
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Layer 6 - The adversarial panel

Proves that a change survives deliberate attempts to break it by reviewers instructed to find di-
vergence rather than to confirm. Cannot prove anything about the classes of error its reviewers
share. Entry: everything below is green, so the panel's attention is not spent on defects a ma-
chine should have caught. Exit: green means four adversarial readings found no credible objec-
tion. Cost: real money in tokens or in human hours; at merge for invariant and critical-path
changes, at milestones otherwise. Failure mode: correlated blindness, and its cousin, the confi-

dent false positive.

The panel has a fixed shape, and the shape is the point: four reviewers, each with exactly one ad-
versarial job, being spec conformance, adversarial correctness, security, and domain logic. On
any change touching an invariant or a critical path, a majority must pass, a single credible cor-
rectness objection vetoes the gate, and a named human, the Verifier, adjudicates. Give one re-

viewer two jobs and it will do the easier one.

The limit is worth stating plainly because an expert will spot it in seconds. If the same model
family writes the code, the tests, and all four panel reviews, then "independence" is nominal and
the panel shares the generator's blind spots. Artifact independence defeats builder-specific slips.
It does not defeat correlated model error. The defences are two: on critical paths, require genuine
independence at the gate, meaning a human or a different model family; and upstream, force
specification ambiguities to a human before any code exists, because a shared misreading of an

ambiguous requirement is the failure this layer is least able to catch.

Layer 7 - The human gate

Proves that a named person, with authority and accountability, has looked at the evidence and is
prepared to stand behind the result. Cannot prove correctness, and is not there to. Entry: every
applicable layer below is green, and the evidence is assembled in a form a person can actually
read. Exit: green means someone has accepted responsibility. Cost: the scarcest resource you
have; four moments per milestone, not one per change. Failure mode: the rubber stamp, which

is what the gate becomes the moment the reviewer cannot see the evidence in the time available.

The human gate is not a code review. It is an accountability event, and the distinction is the dif-
ference between a method and a ritual. What arrives at this gate is not a diff. It is a conformance
register showing delivered against approved, a list of what was not run and why, and the open
gaps. The reviewer's question is not "does this look right," which no one can answer at scale, but
"does the evidence support the claim being made." That question is answerable in minutes even
on a large change, which is precisely why the gate is placed at the top of the stack and reached

only when everything below it is green.
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COSTLY / HUMAN /

Every change: static, unit, property (sampled). Seconds.

m Runs on a laptop.
On merge: integration against real dependencies,
acceptance from the spec, panel on invariant and critical-
path changes.
4 Acceptance
At milestone: reconciliation against ground truth, exhaustive

property runs, the full panel, the completion battery.

Four times, not always: the human gate, reached only when
everything below it is green.

0-2 Static, unit, property

CHEAP / AUTO / EVERY CHANGE

THE PYRAMID AT LAYERED CADENCE. THE CADENCE IS THE DESIGN; A STACK RUN UNIFORMLY IS A STACK
NOBODY RUNS.

Anyone who claims to run the full stack on every commit is either not doing it truthfully or not
shipping. The cadence is what makes the pyramid affordable, and getting it wrong in either di-
rection is fatal: run everything always and the team routes around the gate within a month; run

the expensive layers only when someone remembers and you have a stack of decorations.

The two rules that make the stack mean anything

Eight layers, run at the right cadence, still prove nothing if two rules are broken. Both are cheap

to state and both are routinely skipped, because skipping them is invisible until the day it is

expensive.
RULE 1 - INDEPENDENCE RULE 2 - CONFORMANCE
% APPROVED DELIVERED
Builder  _______ Independent #
code + its tests gates vs the spec
No one verifies the artifact they built. The builder's Done means proven to match the approved artifact,
own tests are a build-time check; acceptance is gated every gap enumerated. Green tests are plumbing.
by a chain that did not write the code. Absent conformance, the status is “in progress.”

INDEPENDENCE IS AN ARTIFACT RULE - CONFORMANCE IS THE DEFINITION OF DONE
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Two questions that keep verification honest
Ask these at every gate. If either answer is wrong, you have found where a confident, wrong build is about
to ship.
1. Who wrote the acceptance test? If it was the same chain that wrote the code, it is not a gate, it is an
echo. Route it to someone, or something, independent.

2. Show me the conformance row. For any feature called “done,” ask for the register line proving
delivered matches approved. If it does not exist, the feature is in progress, not done.

Try it: run both questions on something your team shipped last week. The gap you find is your real risk,
made visible.

The three ways a pyramid lies

Every layer above has a failure mode of its own. The stack as a whole has three, and they are
worse, because they produce green results that no individual layer is wrong to report. I know
them because all three happened while this book was being published, on the system that pub-

lishes it, in a single week.

The first lie is a gate that cannot fail. The whole-site battery that checks this book's pages for
layout defects counted its findings, printed them, and then exited zero regardless. The pipeline
that consumed it treated the exit code as the verdict, so the pipeline reported green while real
findings sat on the board in plain text. It had been doing this for weeks. A check that cannot fail
is a report, and a report wired into a gate is worse than no gate, because it consumes the trust

that a real gate would have earned.

The second lie is a check comparing against nothing. The strongest control in that same suite
verifies that every delivered file is byte-identical to the approved source. Its reference pointed at
a temporary directory that the operating system had since deleted. With the reference gone, the
comparison ran against an empty set and passed, every time, for days. The layer was not weak-

ened. It was answering a different, trivial question, and reporting it in the same green.

The third lie is the silent skip. When the captcha on two pages of this site was replaced, the
new widget held a network connection open, which meant the browser never reached the idle
state the responsive check waited for. Those two pages timed out and were dropped from the
run. The check then reported zero layout defects across the site. It had measured four hundred
and seventeen renders out of four hundred and forty and said nothing whatever about the differ-
ence. The two pages it silently omitted were the two most complex pages in the system, which is
not a coincidence: complexity is what causes the timeout and complexity is where the defects

are.
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Three questions that catch a lying pyramid

Cheap, and they find the failures that no individual layer will report. Run them quarterly on your own suite.

1. Can it fail? Break something on purpose that this layer is supposed to catch, and confirm the
pipeline goes red. If you have never seen a layer fail, you have never seen it work.

2. What is it comparing against, and does that thing still exist? Every reference, baseline and fixture
gets checked for existence as part of the run, and an absent reference is a loud failure, never a quiet
pass.

3. How many things did it check, and how many were there to check? A layer must report its
denominator. Coverage that does not state what it covered is a number about nothing.

Try it: the third question is the one nobody asks. Add a count to every check your team runs this week, then
watch which counts turn out to be smaller than you assumed.

The common thread in all three is that a verification system is itself an artifact, and an unveri-
fied artifact is exactly what this book says you must not ship. The pyramid has to be pointed at
itself. That is not a clever recursion, it is the plainest possible application of the rule, and the rea-
son it gets skipped is that the suite is the thing everyone trusts by default. Trust is the correct
word: none of the three failures above was detected by a test. All three were detected by a person

asking a layer to justify a number it had reported.

Building one, in four weeks
The pyramid is worth nothing as a picture. What follows is the order to build it in, chosen so that
each week delivers a working gate rather than scaffolding, and so the cheapest checks that catch

the most embarrassing defects come first.
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stop a release.

you.

anything.

about choosing it well.

A four-week build order for a real pyramid

One team, one system, four weeks, no new hires. Each week ends with something that can turn red and

1. Week one, the floor and the denominator. Static and unit running on every change, in one
command, on a clean clone. Then make every check report how many things it examined. You are
not adding rigour yet, you are making the existing situation legible, and the counts alone will surprise

2. Week two, acceptance and traceability. Take the last shipped feature, write the criteria it should
have been held to, give each an identifier, and build a probe per criterion that runs against a real
running system rather than the filesystem. This is the layer that changes what "done" means, so it
comes before anything more exotic.

3. Week three, integration on a real dependency, and the mutation audit. Stand up a disposable but
genuine environment, seeded and reset per run. Then spend one day breaking things on purpose
across all three layers you now have, and record what failed to go red. Fix those before adding

4. Week four, the panel and the gate. Add the four adversarial reviews on invariant and critical-path
changes only, and define the human gate as an evidence review with a named owner. Write down
what was not run and why. That sentence is the beginning of a conformance register.

Try it: resist adding reconciliation in month one even though it is the strongest layer. It needs an oracle, and
choosing one badly will teach your team that the strongest layer is the least reliable. The next chapter is

What you will have after four weeks is not a complete stack. It is a stack that can fail, that reports

its denominators, that knows what it is comparing against, and that produces evidence a person

can review in minutes. Every one of those four properties is worth more than an additional layer,

and all four are missing from most suites I have been shown.

@ ACADEMIA

Teach the six questions rather than
the tools. A student who can say
what a technique is blind to has
learned something durable; one
who can only run the technique has
learned this year's syntax.

@ ENGINEER

Run the mutation check on your
most trusted test file this week. The
number you get back is the honest
strength of the layer you have been
relying on, and it is the most useful
number you will see this month.
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@ FOUNDER

Fund the denominator before the
next layer. A suite that reports what
it did not check is worth more to
you commercially than one that
runs twice as much and cannot tell
you its coverage.



CHAPTER 9 - PART III

The oracle ladder

Verification is only ever as strong as the answer you can check against. Five rungs, what each
one licenses you to claim, and how to manufacture an oracle when you have none.

ere is the sentence that most methods leave out, including, until this edition, mine.
H Every verification technique in the previous chapter compares the system against some-
thing. Seven of the eight layers compare it against a statement the team wrote. Only one com-
pares it against the world. Which means the strength of your entire correctness claim is bound-
ed, not by how many layers you run, but by the quality of the answer at the top, and on genuinely

new work there frequently is not one.

That is uncomfortable, so it usually gets stated once as a caveat and then forgotten while the
method carries on as if it were not true. It deserves better than a caveat. An oracle is the scarcest
input in the whole engine, scarcer than talent and far scarcer than compute, and knowing which

one you have is the difference between a defensible claim and an expensive opinion.

So: five rungs, in descending order of strength. Find your work on the ladder before you promise

anything about it.

RUNG 1 - Live system The rung sets the claim. On rung 1 you may say
differential run, output for output

“provably equivalent on the observed distribution.” On

RUNG 2 - Audited record rung 5 you may say “a named person judged it good.”

reconcile to a closed, signed dataset

Those are different sentences and they carry different

RUNG 3 - Expert adjudication prices.
sampled, blind, inter-rater agreement measured

Most work is mixed. A single engagement usually spans
RUNG 4 - Spec plus tests . 5
three rungs at once. The error is charging rung-1
confidence for a rung-4 deliverable, which is how firms
RUNG 5 - Taste . .
end up owning outcomes they never had the evidence to

own.

STRENGTH OF CLAIM DESCENDS !

THE ORACLE LADDER. STRENGTH OF CLAIM IS SET AT THE TOP OF THE STACK, NOT BY THE NUMBER OF
LAYERS BELOW IT.

Rung 1 - A live system to run against

The strongest oracle in commercial software is an existing system that already does the job.
Replacement and modernisation work sits here, and it is the reason those engagements are the
best possible proving ground for this method: you can run both systems against the same inputs

and compare outputs directly, at volume, without asking anyone's opinion.
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The technique is differential running, sometimes called shadow running. New system and old
system receive identical production traffic; only the old one's answers are served. Every diver-
gence is a finding, and the finding is not a matter of judgement. Over a few weeks you accumu-
late a claim no other rung can produce: on the observed distribution of real inputs, these two

systems agree, and here are the enumerated cases where they do not and why each is intended.

The limits are real and worth naming. You inherit the legacy system's bugs as your definition of
correct, so every divergence needs adjudication rather than automatic acceptance. Shadow run-
ning exercises only the distribution that actually occurred, which under-samples the rare and the
seasonal. And it says nothing at all about behaviour the old system never had, which is usually

the part the client is paying for.

Rung 2 - A closed, audited record

Where no live system exists, a settled dataset can serve. A reconciled general ledger, an audited
financial statement, a regulator's filing, a closed period that has already been signed. These are
answers the world has ruled on, and their authority does not depend on anything your team

believes.

This rung is why finance, accounting and regulated reporting are the most favourable domains
for verification-led delivery, and I should be plain that my own reference engagement is a finance
application, which is the method's easiest case. A team that proves the method there has proved
it under advantageous conditions. That is worth something and it is not worth everything, and

generalising from it without saying so would be exactly the move this book was written against.

The characteristic failure here is narrowing. It is very tempting, when the reconciliation shows a
two percent disagreement, to scope the comparison to the cases that agree and report a clean
run. Every reconciliation must state its denominator: how many records were in scope, how
many were compared, how many matched, and what happened to the remainder. A reconcilia-

tion without a denominator is a press release.

Rung 3 - An expert who can adjudicate

Sometimes the only oracle is a person who knows the domain: the underwriter who can say
whether this risk was priced correctly, the clinician who can say whether this summary is safe,
the tax specialist who can say whether this treatment is defensible. The answer exists, it is know-

able, and it lives in a human head rather than in a system.

Expert adjudication is real verification, but only if it is run as measurement rather than as a
meeting. That means sampling deliberately rather than reviewing whatever surfaces, blinding

the reviewer to which system produced which answer, and, above all, measuring agreement be-
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tween reviewers before you trust any of them. Two experts who agree with each other sixty per-
cent of the time are not an oracle; they are a disagreement you have not characterised yet. Inter-
rater agreement is the entry criterion for this rung, and skipping it converts an expensive

process into an expensive opinion.

Once agreement is established, the expert becomes something more valuable than a reviewer: a
source of labelled cases. Every adjudication is a permanent test case, and a few hundred of them
constitute a golden dataset that promotes the work to rung 2 for everything that follows. Expert
time is the most expensive input in the engine, so spend it manufacturing durable assets rather

than on repeated review of similar cases.

Rung 4 - The specification as its own oracle
Now the interesting rung, and the one this book's argument actually turns on. Where nothing ex-
ternal can adjudicate, the only remaining oracle is the specification itself, which means the entire

correctness claim reduces to the question of whether the spec was precise enough to be
checkable.

Most specifications are not. A requirement that says the report should load quickly cannot be an
oracle for anything. A requirement that says the report renders in under two seconds at the nine-
ty-fifth percentile with ten thousand rows, and here are the fixtures, is an oracle, and a machine

can hold the system to it forever.

There is a very clean demonstration of this from inside Google. Ask a model to write a program
from a natural-language prompt and you have an ill-specified problem: the model must invent a
hundred details the prompt never settled, and any of them can be wrong without being de-
tectably wrong. Now take an existing program together with its test suite and ask the model to
translate the whole thing into a different language. That is a fully specified problem. The tests are
the specification, they are executable, and they will say whether the translation is faithful. Google
rewrote a number of internal tools this way and made them ten to twenty times faster, with a
night of machine work each, precisely because the problem had been converted from a descrip-

tion into a contract.

That is the whole of rung 4 in one example. A specification with executable acceptance criteria is
not documentation of the work. It is the oracle, and writing it is the act that determines whether
anything downstream can be verified at all. It is also the only rung you can manufacture at will,
which is why the chapter on specification comes before this one and why it is the highest-lever-

age hour in the engagement.
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Rung 5 - Taste, and saying so

Then there is work where no oracle exists at any price. Is this interface pleasant. Is this copy per-
suasive. Is this design right for this brand. Is this architecture the one we will be glad of in three
years. These questions are real, they are frequently the most valuable questions in the room, and

they are not decidable.

The temptation is to dress rung 5 in rung 2 clothing by inventing a metric and reporting it with
a decimal point. Resist it. The machinery for automating this judgement is weaker than its mar-
keting: automated judges scoring open-ended work without a reference answer agree with hu-
man reviewers only about half the time, and the researchers who build image-scoring tools say
plainly that their tools measure whether the picture followed the brief, not whether it is any
good. A confident number attached to an undecidable question is worse than no number, be-

cause it launders judgement into evidence.

The honest method on rung 5 is small and it works: name the human who owns the judgement,
record what they decided and why, and treat that record as the artifact. You are not verifying.
You are attributing. Attribution is a real control, because it puts a name against a decision and

makes the reasoning inspectable later, and it is the correct alternative to pretending.

The rung audit

Thirty minutes, run on a real engagement before you price it or promise anything about it. The output is a
sentence you can defend.

1. Split the scope into claims, not features. Each claim is something you will assert is true when you
deliver. Ten to thirty is normal for a mid-sized engagement.

2. Put each claim on a rung. What exactly would you compare its output against? If the answer is “the
team would look at it,” that is rung 5, whatever it feels like.

3. Write the claim sentence each rung licenses. Rung 1 permits “provably equivalent on observed
traffic.” Rung 4 permits “meets every stated criterion.” Rung 5 permits “a named person judged it
sound.” Never borrow a sentence from a rung above the one you are on.

4. Find the concentration. If most of the commercial value sits on rungs 4 and 5, your price and your
guarantee must reflect that, or you are underwriting a risk you cannot measure.

Try it: the first time a team does this, the usual discovery is that the claims they were most confident about

are the ones with the weakest oracles. Confidence tracks familiarity, not evidence.

Manufacturing an oracle when you have none

The ladder is not fixed. Four techniques move work up it, and building one of them is often a

better use of a week than adding another verification layer at the bottom of the stack.
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Differential testing against an independent implementation. Where no legacy system exists,
build a deliberately naive second implementation of the critical calculation: slow, obvious, unop-
timised, written from the specification by someone who has not seen the production code. It
does not need to scale. It needs only to be independently derived, so that agreement between the
two is evidence rather than a shared assumption. This is the cheapest promotion from rung 4 to
something close to rung 1, and it is startlingly effective on exactly the arithmetic that costs the

most when it is wrong.

Metamorphic relations, where the absolute answer is unknown but relationships are not.
You may not know what the correct risk score is for a given application, but you know that
adding income cannot lower it, that reordering the input fields must not change it, and that a du-
plicate submission must produce an identical result. Each of those is checkable without an ora-
cle. Metamorphic testing is the most underused technique in commercial verification, and it is

the only one that gives real leverage on genuinely novel functionality.

Golden datasets, accumulated deliberately. Every expert adjudication, every production inci-
dent, every bug a client found and you fixed: each is a labelled case, and captured properly it be-
comes a permanent member of a regression corpus. Most firms throw all three away. A team that
has systematically captured two years of adjudications owns something a competitor cannot buy,

and it is the mechanism by which yesterday's rung 3 becomes tomorrow's rung 2.

Staged reality. Where the real world is the only oracle and it is too expensive to consult, buy a
smaller piece of it: a canary release to one percent of traffic, a pilot with one branch, a parallel
run for one accounting period. You are not avoiding the oracle, you are purchasing a bounded

quantity of it, and the cost of that purchase is a legitimate and defensible line in the price.
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Oracle manufacturing, in order of cost

Try these in sequence. Most teams reach for the last one first, which is why verification feels unaffordable
to them.

1. Metamorphic relations. Hours. No oracle required, works on novel functionality, catches whole
classes of error immediately.

2. Golden dataset capture. Days to set up, then free forever. Convert every adjudication and every
incident into a permanent case.

3. Independent second implementation. One to two weeks, on the critical calculation only. Buys near
rung-1 confidence on the part that matters most.

4. Staged reality. Weeks and real risk. Reserve it for what the first three cannot reach, and price it
explicitly.

Try it: pick the calculation in your current system whose failure would be most expensive, and write three
metamorphic relations for it this afternoon. If you cannot state three things that must always hold, you
have found something more urgent than a test.

Why this is the chapter that sets the price

The commercial consequence of the ladder is direct, and it is the bridge to the economics later in
this book. You cannot charge for a result you cannot evidence. The rung determines what evi-
dence is available, therefore the rung determines what you can charge for, therefore the rung de-

termines the shape of the contract.

On rung 1 or 2, an outcome-based fee is defensible, because when the client asks what makes
you so sure, you have an answer that does not depend on their trust in you. On rung 4 you can
commit to conformance, which is a real and sellable promise: every stated criterion, met and evi-
denced. On rung 5 you are selling judgement, which is a legitimate thing to sell and a dangerous

thing to guarantee.

Firms get into trouble by pricing rung 5 work with rung 1 confidence. It happens gradually and
it always looks like optimism rather than error. The rung audit exists to make that visible before

the contract is signed rather than after the dispute has started.

@ ACADEMIA ® ENGINEER @ FOUNDER

The oracle problem is old and well Before writing a test, say out loud Bid deliberately for rung 1 and rung
studied, and it is almost absent what you are comparing against. If 2 work while you build the method.
from applied curricula. Teach meta- the honest answer is “what the Replacement and reconciliation en-
morphic testing early: it is the tech- code currently does,” stop and go gagements are where verification is
nique students can apply to novel find something better. That one cheapest to prove and easiest to
work, which is the work they will habit changes the value of every- sell, and a proof there funds the
actually be given. thing you write afterwards. harder cases.
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CHAPTER 10 - PART III

Keeping it honest
A method needs teeth, or it decays into a style guide everyone admires and nobody follows un-
der deadline. The teeth, and the four moments they bit.

very method in this book can be followed to the letter and still produce a confident,
E wrong result, because the failure that matters is never a step someone skipped. It is a step
that ran, reported green, and was answering a different question than everyone assumed.
Honesty in a delivery system is not a virtue the team brings to it. It is a set of mechanisms that
make the truth cheaper to report than the alternative, and this chapter is those mechanisms and

what happened when they were tested.

Two tiers, and why collapsing them kills methods
Rules come in exactly two kinds. Mandatory rules break the build: a violation stops the line until
it is fixed, or until it is bypassed by an explicit, recorded waiver with a name and a date on it.

Recommended rules raise a flag and the work continues.

Collapsing the two is the single most reliable way to kill a method. If everything is mandatory
then nothing is, because the first time an all-mandatory method meets a real deadline the team
throws the whole thing out at once, and what they learn is not that they broke a rule but that the

rules are optional. Two tiers survive contact with a deadline. One tier does not.

The waiver is the part people leave out, and it is the part that makes the model work. A method
with no legitimate escape hatch does not get followed more carefully; it gets circumvented
silently. A waiver converts a silent circumvention into a recorded decision with an owner, which
costs the team one line of writing and buys the organisation a permanent, inspectable record of

every corner it has cut.

The four gate moments
An earlier version of this method stopped for human approval at every phase boundary. It throt-
tled everything and it taught the team that the method was an obstacle, which is the opposite of

the intended lesson. The reframing matters enough to state precisely.

The agent proves conformance itself, adversarially, and reports it. Progress does not wait on a
person. Human sign-off is reserved for four moments only: the specification lock, the design
lock, any irreversible or outward-facing action, and the final gate. Everything else is gated by

proven conformance rather than by somebody waiting to click approve. The human gate at the
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top of the pyramid is those four moments at milestone cadence, not a person interposed on

every change.

That reframing has a sharp edge, and it is the reason it works: the agent may not wait for human
approval to make progress, and it may not declare anything done on its own say-so either. Both
halves are required. Remove the first and the method is a bottleneck. Remove the second and it

is a rubber stamp with extra steps.

Traceability, back-propagation, change control

Three mechanisms keep coverage from rotting between gates.

Traceability is a living matrix mapping each requirement to its acceptance criterion, to the
checks that verify it, and to the oracle those checks compare against. Coverage becomes some-
thing you look up rather than something you assert, and an uncovered requirement sits in the
matrix with an empty column rather than hiding behind a confident summary. The empty col-

umn is the entire point; it is what a status report cannot paper over.

Back-propagation handles staleness, which is more dangerous than failure because it is invisi-
ble. When a decision changes, every artifact that consumed it is re-verified before the next gate.
Without this rule a late change leaves acceptance criteria encoding the old, now forbidden be-
haviour, and those stale criteria will happily pass an implementation that the current design pro-

hibits. Green, and wrong, and nothing in the pipeline is capable of noticing.

Change control treats every change as a small run of the whole belt, entering at the artifact it
modifies and re-running produce, verify and gate from there. It begins by separating two things
teams routinely conflate: a defect, where the code disagrees with the approved artifacts and is
simply fixed forward, and a change, where the approved artifacts themselves must move. Only
the second enters change control, where it is classified by blast radius, from cosmetic through
functional and structural up to foundational changes that stop the belt and return the work to

design.

What happened when this was tested

Everything above is the theory, and the theory is cheap. This book was published under it, on a
live site, and in the course of doing so the method caught four things that every automated check
reported as fine. I am reporting them because a book that argues verification is the scarce skill
and then declines to show its own verification failing would be exactly the artifact it warns

against.
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The delivered edition twice reverted fixes that had already been approved. The book ships as
a self-contained bundle, and the bundle is generated from a source that does not carry the cor-
rections made after the fact. Two corrections existed: a reflow fix, without which the reader
scrolls sideways on any phone narrower than three hundred and seventy-nine pixels, and a head-
ing-structure fix, without which the page renders nine competing top-level headings and a
screen-reader user loses the document outline entirely. The publishing instructions said, reason-

ably, to copy the new folder in over the old one.

Doing that would have destroyed both fixes. Silently, with every test still green, because no test
in the suite asserted that a previously fixed defect had stayed fixed. What caught it was a register
that records, for each delivered file, the exact edit that was approved against it: not merely that
an approved deviation exists, but its precise shape, hashes on both sides, the number of lines
added and removed, and every changed line pinned verbatim. The second bundle, issued a few
hours later after an editorial pass, arrived without both fixes again. That is the useful part. It was
not an accident the first time; it is a structural property of the pipeline, and only a control that

fires every time would ever have revealed it.

A check reported a clean result for work it had never examined. Described in the previous
chapter as one of the three ways a pyramid lies, and I raise it again here for a different reason:
the count. That check measured four hundred and seventeen of four hundred and forty renders
and reported zero defects. The two pages it silently dropped were the two most complex in the
system. Had it reported its denominator, the omission would have been obvious in a glance. It

did not, so it was invisible until someone asked it to justify a number.

Writing the defect down reproduced the defect. A stray file in the repository was leaking
words from its prose into the compiled stylesheet, because the build scanned every text file for
class names and could not distinguish an example from an instruction. The finding was written
up in three documents. Those documents contained the offending word, in prose, as the subject
of the sentence explaining the problem. The build then scanned them and shipped the bug
again, from the write-up about the bug. It is funny, and it is the most instructive of the four, be-
cause it shows that a system with an implicit contract will find a way to be misunderstood by

something that reads it literally, and that agents read everything literally.

The pipeline refused to lie. The last one is not a failure, it is the mechanism working, and it de-
serves equal billing. Two verification layers could not run on the machine in question because a
credentials file was absent. The pipeline could have reported success on the layers that did run.
Instead it reported failure, on the explicit ground that a suite which cannot execute two of its
layers has not earned a green result. That single design decision, that unrunnable is a failure and

not an omission, is worth more than any individual check in the suite.
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The honest status report

Four lines. If a status report cannot produce all four, it is a summary of feelings, and feelings do not survive
a milestone.

1. What ran, with denominators. Not “tests pass” but “forty-eight of forty-eight probes, across eighty
routes.” A number without a denominator is a number about nothing.

2. What did not run, and why. Named explicitly, never implied by omission. This is the line that
distinguishes a report from a claim.

3. What is open. Every gap, with an owner. A gap with no owner is a gap nobody is closing.

4. What the evidence licenses you to say. The rung, and therefore the sentence. Never a sentence
from a stronger rung than the one you are on.

Try it: take the last status report your team sent a client and mark which of the four lines it contains. Most
contain the first, in a weaker form than it appears.

Production-ready is a decision, not a feeling

The pyramid answers whether a change is correct. It does not answer whether the whole build, at
a milestone, is ready to meet the world, and skipping that second question is how a clean demo
becomes a breach. The two questions are genuinely different: a system can be correct in every in-
dividual behaviour and completely unready, because nobody has tested a restore, or measured
what happens at four times the expected load, or checked whether the admin gate is actually en-

forced against a real deployed configuration rather than a local one.

The milestone gate: is it production-ready?

The per-change pyramid is not enough to call a build done. At a milestone, run the battery, then fill the
checklist, and mark honestly what you did not run.

1. Run the battery, risk-scoped: scenario and end-to-end data flow, penetration testing, responsive,
accessibility, usability, visual regression, load and stress to failure, cross-browser. Each is performed
with evidence, or explicitly marked not done with a reason.

2. Then decide production-readiness against a checklist: is authentication actually enforced against a
real exposed configuration; is the backup restore actually tested; is there a real penetration test and
real load headroom. Each item gets a verdict and a blocker list.

Try it: nobody may call a system “production-ready” without this checklist filled in with evidence. “It
passed the unit tests” is not the same sentence, and the gap between them is where breaches live.

Two incidents that shaped every rule above

Methods are not designed. They accrete around failures, and the rules that look arbitrary from

outside are usually scar tissue. Two incidents produced most of what is in this part of the book,
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and they are recorded rather than smoothed over because the reasoning is more useful than the

rule.

The first: a built interface diverged wholesale from the approved design, and the work was self-
certified as done because the tests were green. Nothing in the pipeline compared what was deliv-
ered against what was approved, so nothing could possibly have caught it. That incident pro-
duced the conformance rule, the definition of done, and the register: an item is done only when
its checks pass and a conformance row shows it matching its approved reference with no open

gap. Absent that row, the correct status word is “in progress,” and it is not a matter of judgement.

The second: a clean acceptance run was reported from what turned out to be a shallow render
check. Real security, scenario and responsive testing were then run against the same build and
found critical defects. That incident produced the completion battery and the production-readi-
ness checklist, and one blunt rule that has held ever since: never describe green automated tests
as though they were conformance, and never call a system production-ready without the check-

list filled in with evidence.

Both incidents share a shape. In each, the artifacts were fine and the process was fine, and the
failure was in the sentence someone wrote at the end about what had been established. That is

why so much of this chapter is about reporting rather than testing. The tests are the easy part.

@ ACADEMIA

Teach the denominator. A result re-
ported without what it covered is
not a result, and students who in-
ternalise that early will be more
useful than ones who know three
more frameworks.

@ ENGINEER

Add one line to your next status up-
date: what you did not run, and
why. It is the fastest way to become
the person whose reports are
believed.
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Two tiers and a real waiver, or your
method will be abandoned whole-
sale at the first deadline. Make the
escape hatch legitimate and
recorded, because the alternative is
not compliance, it is concealment.



The Firm

How a services firm that is not Palantir, delivering offshore, across
time zones, under cost pressure, actually runs this. The part no-

body else has written.




CHAPTER 11 - PART IV

The pod, and the loop it runs

Fewer hands producing, more judgment specifying and verifying. Four seats that cannot be
empty, the agents around them, and the loop that turns a workflow into an engine.

hen production goes cheap, the junior-heavy pyramid inverts. A team shaped like a
W wide base of people producing and a narrow top reviewing was the correct answer
when producing was the constraint. It is now upside down: the base got automated and the top is
where the load landed. The unit of delivery becomes a small pod, four or five people who own an

outcome end to end, rather than a large team that owns a backlog.

This is not a new organisational theory. It is the shape Google's researchers observe emerging
around their most effective engineers: small cross-functional pods with less communication
overhead and tighter collaboration loops, executing at a scale the headcount does not explain be-
cause agents absorb the middle of the work. What is worth adding, from the services side, is

which seats cannot be empty.

Four seats

Each role keeps a familiar name and moves up a level. The job description changes; the person

does not have to.

The Orchestrator owns the outcome and the client relationship, decomposes the work, and de-
cides direction. This is the seat that carries accountability, and it is the one that cannot be shared

without becoming nobody's.

The Spec engineer owns the front of the belt: the brief, the criteria, the ambiguity log, the feasi-
bility review. In most firms this seat does not exist and its work is done badly by whoever is least

busy, which is the single most common structural defect I see.

The Verifier owns the gates and holds the authority to stop a release. This is the firm's moat
made into a person. If that authority is advisory, the seat is decorative, and everyone in the pod

will know it within a month.

The Experience lead owns what the thing is like to use, which is the class of judgement that sits

furthest down the oracle ladder and therefore needs a named human most.

The belt waits on all four, so each has a named backup. And one line never moves, regardless of

how small the pod is or how tight the deadline: multi-role is fine, but nobody verifies the piece of
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work they built. That rule is what keeps a four-person pod from being one person's opinion with

three witnesses.

Roles decouple from job titles

Something is happening around these seats that is worth naming, because it changes hiring more

than the seats themselves do.

Al is decoupling what a person can do from the job title they hold. Google's teams describe prod-
uct managers shipping features through to live experiments, designers fixing and shipping the
interface papercuts they used to file tickets about, and engineers changing design files directly
rather than describing the change to someone else. The startup cost of working outside your spe-

cialism, which used to be prohibitive, has collapsed.

For a small firm this is unambiguously good news, because it is what makes a four-person pod vi-
able at all. But it has a precondition that is easy to miss: it only works where the platform under-
neath is good enough to make the excursion safe. A product manager shipping to production is a
triumph of platform engineering, not a triumph of ambition. Without the guardrails it is just an

unqualified person deploying to production, and the outcome is exactly what you would expect.

The agents around the seats

Below the four human seats sits a small, differentiated team of agents. The vocabulary I have
found most usable comes from Fakhar Khan's agent playbook: an analyst that maps work and
turns raw failures into actionable digests, an assistant that packages work for review, a guardian
that scans for secrets and sensitive data and verifies gate conditions, an orchestrator that coor-

dinates and prioritises, and a tasker that executes.

The two vocabularies need reconciling once, explicitly, or a firm ends up speaking two dialects
about the same work. The human seats own accountability: who is answerable when this is
wrong. The agent archetypes own function: what this process step does. A human Verifier is ac-
countable for the gate; a guardian agent performs most of the checking. They are not competing
names for one thing, and conflating them produces the failure where nobody is answerable be-

cause an agent was assigned the seat.

The operating loop

The belt in Part III describes how a piece of work moves. It does not describe how a team decides
which work to restructure around agents in the first place, and that is a different question with a
different answer. The clearest loop I have seen for it is Fakhar Khan's, and it is worth stating in

full because it complements the belt rather than duplicating it.
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AUDIT Map the workflow as it actually runs, not as the process document claims. Every step, every handoff,
every wait.

GAUGE Score it: repeatability, business impact, complexity. High impact with medium repeatability is the
strongest candidate for redesign.

ENGINEER Redesign agent-first. Not a faster version of the human workflow: collapse steps, parallelise,
redistribute.

NAVIGATE Setthe human and agent boundary. Where agents act, where they stop, and what a person must
confirm.

TRACK Measure what matters, with leading indicators that move first and outcome metrics that decide.

THE OPERATING LOOP, AFTER FAKHAR KHAN'S A.G.E.N.T. PLAYBOOK. THE BELT MOVES WORK; THIS DECIDES
WHICH WORK TO RESTRUCTURE.

The most important word in that loop is in the Engineer step: agentic workflows are not faster
versions of human workflows. A nine-step process handed to agents one step at a time yields a
nine-step process with worse handoffs. Redesigned properly it might become six outcome stages,
with the checks that used to happen sequentially running in parallel and the human confirma-

tions concentrated at the points of irreversibility.

I would add one thing to the loop, from the discipline of Part III. The Gauge step, as published,
scores workflows qualitatively: repeatability medium, impact high, complexity medium to high.
That is a reasonable place to start and it is not yet a decision rule, because nothing converts
those three words into a go or a no-go. Before adopting it, write down what combination of
scores triggers redesign and what combination does not, and write it before you score anything.
A scoring system whose thresholds are set after the scores are known will approve whatever its

author already wanted.

Measuring the loop honestly
The Track step is where most improvement programmes quietly die, because they measure the
thing that is easy to count rather than the thing that matters. Two rules keep it honest, and both

come straight from the reporting discipline in Chapter 10.

Separate leading from lagging. Leading indicators move first and tell you whether the redesign
is working: triage classification accuracy, time from a failure to the correct owner, review-packet
completeness, repeat failures after a first fix. Lagging indicators decide whether it mattered: de-
fect escapes, cycle time to a client-ready state, first-pass acceptance, revenue impact. A pro-
gramme reporting only leading indicators is optimistic; one reporting only lagging indicators is

too slow to steer.
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Weight the outcome metric by severity. Counting defect escapes treats a cosmetic issue and a
data-loss incident as the same event, which is how a team improves its numbers while getting
worse. Weighting them, for instance five for a critical, three for a major, one for a minor, against a
rolling baseline, with a target expressed as a percentage reduction over a stated window, pro-

duces a number that moves for real reasons.

And one prohibition, which I have never regretted enforcing: do not declare victory on the count
of drafts generated or agent invocations. Those numbers measure activity, they always go up,
and they are the exact vanity metrics that let a team report success through a period in which

nothing improved.

.
Fill the four seats first
Before staffing a delivery, name the people in the four seats and their backups. If any is empty, you are not
ready to start, whatever the sales timeline says.
1. Orchestrator. One name. Accountable for the outcome, not for a workstream.
2. Spec engineer. One name, and it is not “whoever has time.” This seat determines the ceiling on
everything downstream.
3. Verifier, with real authority to stop a release, stated in writing where the client can see it.
4. Experience lead, owning the judgement calls that no oracle will settle.
Try it: name the four for your current engagement right now. The seat you hesitate over is the one whose
work is currently being done badly by nobody in particular.
\
@ ACADEMIA @ ENGINEER @ FOUNDER
The pod is the team unit worth Pick your seat deliberately. Staff pods, not benches. One
studying now: a few humans Orchestration, specification, verifi- owned outcome per pod keeps ac-
around agents, judgement at the cation and experience are distinct countability whole while agents ab-
edges, generation in the middle. crafts now, and the one with the sorb the middle, and it is the only
The interesting research question is fewest good practitioners is shape in which a small firm can
where accountability actually lands verification. credibly sell outcomes.

when the middle is machine work.
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CHAPTER 12 - PART IV

The forward-deployed firm

How distance stops being a discount you give and becomes a margin you keep. The role, the
split, and the market data that says this is not a niche.

he forward-deployed engineer is two jobs fused into one body: owning the client, and
T running the build. They need different things, they reward different temperaments, and
there is no law of nature requiring them to live in the same place. Palantir fuses them because it
can afford to put one very expensive person who does both next to every customer. You cannot,

and this chapter is the argument that you do not need to.

Not Palantir

It is worth being direct about the comparison, because the forward-deployed idea arrives

wrapped in a company most firms cannot imitate.

Palantir's model works on conditions a services firm does not have: enormous margin per en-
gagement, the ability to hire extremely expensive generalists, a product platform underneath
that absorbs a great deal of the delivery risk, and clients whose problems justify all of it. Copying
the org chart without the conditions produces the cost structure without the economics, which is

a fast way to lose money with excellent job titles.

What travels is not the staffing model. It is the underlying observation that the value sits with
someone who owns the outcome inside the client's context rather than delivering to a specifica-
tion from outside it. That is available to a small firm, and the rest of this chapter is how, and the
honest note is that the verb in the popular telling is pioneered rather than invented. The pattern

predates the label.

The role is real, and the market data says so

Before the design, the evidence, because Part IV in the previous edition asserted the importance

of this role on anecdote and I would rather it did not.

An analysis of roughly 1,190 United States postings for forward-deployed engineers in a thirty-
day window in 2026 found 585 distinct hiring organisations behind them, spread across more
than four hundred different job titles, which is what an emerging role looks like before the vo-
cabulary settles. Around 98 percent of those roles were customer-facing and about 92 percent
embedded with customer teams. Roughly seventy percent sat at mid to senior level, with about
thirty-nine percent at three to seven years of experience. The role also carries unusual compen-

sation for a delivery position, with published bands at the large platforms running well into the
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mid hundreds of thousands, and one major cloud vendor publishing a ladder from roughly one

hundred and twenty thousand to three hundred thousand United States dollars in base.

Two things follow. First, this is not a niche, and a services firm that can credibly field this role is
selling into demand rather than creating it. Second, the compensation tells you the constraint:
these people are scarce and expensive, which is precisely why the fused version of the role does

not scale for a firm without Palantir's margins. That is the problem the split solves.

The split

Separate the two halves of the job and place each where it is cheapest to supply.

A client-facing forward-deployed engineer sits onshore or nearshore, in the client's time zone
and inside the client's trust. This seat is filled by a senior Orchestrator. Their work is context, re-
lationships, ambiguity resolution, and standing behind results in the room where decisions are

made. It is expensive and it is the seat you cannot economise on.

Behind them, offshore, a build-and-verify pod owns delivery and the gates. Four or five people,
agents around them, the belt running, the evidence accumulating. This is where the cost advan-

tage lives, and it is the part that traditional offshore delivery already does.

What is new is not the geography. Every services firm has tried a version of this and most have
found that the offshore half produces work the onshore half then has to re-check, which con-
verts the cost advantage into a coordination tax. The split survives only because of what sits be-

tween the two halves.

The proof stack is the bridge

What crosses the distance is not status updates. It is evidence: conformance rows showing deliv-
ered against approved, a traceability matrix, reconciliation results with their denominators, pan-
el verdicts, and a chain of custody for every decision. The forward-deployed engineer does not
vouch for the offshore pod's work on the strength of trust or of having watched it happen. They

present evidence that the work meets the criteria, and the evidence is checkable by the client.

This is the entire commercial argument of the book applied to org design. Measurement gets you
off hours. Verification is what makes an outcome transferable across distance, which is the off-
shore firm's specific problem, and it is why a firm that builds the engine can do something its
competitors structurally cannot: charge for outcomes delivered from eight time zones away and
be believed.

The failure mode is worth naming because it is seductive. If the proof stack is weak, the onshore

engineer compensates by re-doing the verification themselves, quietly, because their name is on
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it. This looks like diligence and it is the collapse of the model: you are now paying onshore rates
for offshore work to be checked twice. If your forward-deployed engineer is re-reviewing code
rather than presenting evidence, the engine is not working and no amount of process will fix it

from the org-chart end.

What the role actually requires
The skills stack for this seat is broader than a delivery lead's and it is worth being concrete, be-
cause hiring for it vaguely produces expensive disappointments. Five layers, and the useful ob-

servation is that most firms are strong on the first three and weak on the last two.

An engineering base, genuine and current. An Al systems spine: how these systems are built,
evaluated and observed, not merely used. Deployment: cloud, containers, pipelines, production
observability. Customer craft: discovery, scoping, requirements, and communicating with exec-
utives who are not going to read your architecture document. And enterprise outcomes: inte-
grating with systems nobody documented, arguing about return on investment, and managing

stakeholders who disagree with each other.

Domain tends to beat generality in this role. Vertical specialisations are forming quickly, in gov-
ernment and defence where clearance gates entry, in healthcare where the regulatory frame
dominates, and in financial services, energy, and legal. For a small firm this is good news: depth

in one vertical is a defensible position, and it is cheaper to build than breadth.

Is your firm ready to split the role?

Four questions. If you cannot answer yes to all four, fix that before restructuring, because the split fails
loudly when the engine underneath is weak.

1. Can the offshore pod produce evidence a client would accept without an onshore person re-
checking the work? If not, you have a coordination tax rather than a delivery model.

2. Does your onshore seat have real authority to change scope and resolve ambiguity in the room? A
forward-deployed engineer who has to escalate every decision is a very expensive messenger.

3. Is there a named Verifier offshore with the authority to stop a release, independent of the person
who built it?

4. Can you name the vertical you are deep in? If the honest answer is that you take what comes, the
role will not differentiate you from any other supplier.

Try it: on your current largest engagement, ask what your onshore lead did last week. If most of it was re-
checking, the engine is the problem and the org chart is a symptom.
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@ ACADEMIA

The hybrid is a live case in dis-
tributed trust: evidence rather than
presence as the unit of confidence
across distance. It is also a natural
subject for studying how account-
ability travels through an
organisation.

@ ENGINEER

If you deliver remotely, the proof
stack is your face time. Make the
evidence clean enough that the
client stops asking where you sit,
because that question is really a
question about trust.
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Split the role, keep the outcome
whole. One trusted person at the
client, the engine offshore, and
proof as the bridge between them.
The market data says the demand
is there; the engine is what lets you
serve it at your cost base.



CHAPTER 13 - PART IV

The method is the asset

Every project can make the harness a little better, so that the tenth starts far ahead of the
first. But only if you grow 1t by one rule.

services firm has a structural problem that product companies do not: it starts from zero
A every time. Each engagement is a different client, a different stack, a different domain,
and the knowledge accumulated on the last one mostly evaporates. Utilisation goes up and capa-
bility does not, which is why so many firms are the same size and shape after ten years as after

three.

The method is the thing that can break that pattern, because unlike domain knowledge it is por-
table. But it only compounds if you are disciplined about a single seam, and firms that are not
disciplined about it end up with a harness that is really their third client's project in a trench

coat.

The seam

Draw a hard line between two things.

The portable core contains the belt, the gates, the pyramid, the panel structure, the report and
register templates, the operating file, the agent role definitions. It contains no project knowledge

whatsoever. Nothing in it should reveal which client you built it on.

The project plug-ins contain the stack, the invariants, the oracle for this domain, the data rules,

the domain reviewer's brief, the specific gates this client requires. Supplied fresh each time.

They connect through a small manifest: a single declared interface listing what a project must
supply for the core to run. If a thing is neither core logic nor a manifest entry, the seam is in the
wrong place, and the correct move is to move the seam rather than to leak the thing across it.

That sounds fussy. It is the difference between an asset and a pile.

PORTABLE CORE PROJECT PLUG-INS

belt - gates - pyramid - panel - templates - MANIFEST stack - invariants - oracle - data rules -
operating file - agent roles ° domain reviewer - client gates

no project knowledge supplied fresh each time

THE SEAM. ANYTHING THAT IS NEITHER CORE NOR MANIFEST ENTRY MEANS THE SEAM IS IN THE WRONG
PLACE.
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Extract, do not pre-build
The rule for growing the core is one sentence: something enters the portable core only after it

has worked twice, on two different engagements, and only then in the generalised form that both

needed.

The temptation is always the reverse. Sitting between projects, it is enormously appealing to de-
sign the harness you will need, in the abstract, for the clients you imagine. That work is almost
entirely wasted, and worse than wasted, because a pre-built abstraction has to be maintained and
worked around by every project that does not quite fit it. Every framework graveyard in every

services firm is full of things built for a second client who turned out to be different.

Extraction is slower and it is nearly always right. It also has a property that pre-building does
not: the thing you extract has already been paid for, by the engagement that needed it, which

means the core grows on the client's budget rather than on yours.

Two questions gate every promotion into the core. Has this worked twice, on genuinely different
engagements? And is it truly project-agnostic, or is it this project's domain in disguise? The sec-
ond question is the one that gets answered dishonestly, usually by renaming the domain concept

to something generic and calling it abstraction.

What actually compounds
The files are not the asset. A competitor could rebuild your harness from a good description of it

in a few weeks, and if the files were the moat, the moat would be shallow.

What compounds is the extraction loop itself: the habit of noticing that something worked
twice, and the discipline to generalise it properly rather than copying it. A firm that runs that
loop for two years is not two years of files ahead. It is two years of judgement ahead about what

belongs in a method and what does not, and that is not transferable by reading.

Two other things compound alongside it, and both were introduced earlier in this book. Golden
datasets, the accumulated adjudications and incidents from every engagement, are the mecha-
nism by which yesterday's expert judgement becomes tomorrow's automatic check, and they are
genuinely unpurchasable. And the operating file, refined across engagements, is the most con-
centrated form of institutional knowledge a firm can own, because it is the document that makes

every agent in the firm behave like your best engineer on their most careful day.

The honest status

I say the method becomes an asset that appreciates, not that it is one, and the distinction matters

enough to keep.
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The core in this book has been extracted from real work and it has been run, including on the
publication of this book itself, which found four defects that green tests had missed. It has not
yet been run end to end across enough engagements to demonstrate the compounding, because
the reference engagement has not shipped. The claim of appreciation is therefore a prediction
with a mechanism, rather than a result, and [ would rather label it that way than let the argu-

ment's tidiness stand in for evidence.

The seam test

Run this on your harness once a quarter. It takes an hour and it is the only thing standing between a
portable core and your third client's project.

1. Read the core as a stranger. Can you tell, from the core alone, which client it was built on? If yes,
domain has leaked and needs extracting into the manifest.

2. Check every entry for the twice rule. For each component, name the two different engagements
that needed it. Anything with one name attached was pre-built, not extracted.

3. Try to run it on a new stack, on paper. Every place you would have to edit the core rather than
supply a manifest entry is a seam in the wrong place.

4. Count what you deleted. A core that only grows is not being maintained. The healthiest sign is
removing something that turned out to be one client's habit.

Try it: the first run usually finds two or three leaks and one abstraction nobody has used since the project
that produced it. Deleting that one is the most valuable thing you will do that quarter.

@ ACADEMIA @ ENGINEER @ FOUNDER

Extract, do not pre-build, is a re- When something works twice, lift it The asset is the extraction loop, not
search posture as much as an engi- into the core properly. That habit, the files. A rival can rebuild your
neering one: generalise from cases not any single harness, is the thing harness; what they cannot rent is
that actually ran rather than from that compounds. two years of judgement about what
cases you imagined. belongs in it.
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CHAPTER 14 - PART IV

The ten times stress test

If the work coming through your firm multiplied by ten in eighteen months, what breaks first:
An audit you can run in an afternoon, and the four things worth building before you need

them.

ere is a question I had not thought to ask until | heard Adam Bender ask it of Google's
developer ecosystem, and it is the most productive question in this book: if your system
suddenly had to carry ten to fifteen times its current volume within eighteen months, do you

know what would break first?

It is not a thought experiment. Generation has already multiplied the volume of work entering
delivery systems, and the multiplication is not finished. Every part of the pipeline downstream
of generation was sized for a world where producing code was the constraint, and none of it was
designed for what happens when that constraint is removed. The method for finding out is
unglamorous and it works: walk every node of the system, multiply its load by ten, and ask

whether the answer is fine or fatal.

Walking the nodes
What follows is that walk, done for a services firm rather than for a large product organisation.

Some nodes will not apply to you. The exercise is the point, not my list.

Specification capacity. The front of the belt is human, and it is now the constraint. Ten times
the delivery volume means ten times the specification, ambiguity resolution and client conversa-
tion, and none of that got automated. Most firms discover their real ceiling here and it is much
lower than they assume, because specification quality does not degrade gracefully. It degrades
into ambiguity, which becomes rework three phases later, which consumes the capacity that

would have prevented it.

Review capacity. Ten times the code arrives as either ten times as many changes or changes ten
times larger, and neither is reviewable by the people currently reviewing. What happens next is
predictable and worth stating plainly, because it is happening in most firms right now: reviewers
do not become bottlenecks, because nobody wants to be a bottleneck. They rearrange their
process. They skim. The review keeps happening, on paper, and stops catching anything, and no

metric anywhere records the change.

Test compute, which does not grow linearly. This is the finding that surprised me most. As a

codebase grows, its dependency graph grows quadratically rather than linearly. Ten times the
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code can therefore mean a hundred times the tests to run, or a thousand. Agents also love run-
ning tests, because tests are how they know whether they are doing well, so the frequency multi-
plies alongside the quantity. Test compute stops being an invisible overhead and becomes a line

item that someone in finance will ask you about.

The conjunction of Booleans. Shipping today rests on every test passing. That is a reasonable
rule while the number of tests is small enough that the reliability of the test infrastructure is not
itself in question. At a million tests it is in question, and requiring every Boolean to be true be-
comes a way of never shipping. Somewhere ahead is a transition to a statistical release decision,
choosing which tests are worth running for this change rather than running everything. Nobody

has a good answer yet. Knowing the transition is coming is most of the preparation.

Environments and isolation. Ten times the work in flight means ten times the environments, or
a queue. And a great deal of the new volume is exploratory: prototypes, spikes, things somebody
vibe-coded to see whether an idea had legs. That work is valuable and it must not be able to
reach production. Without deliberate tiers, the interesting failure is not the prototype breaking,

it is the prototype succeeding and quietly becoming load-bearing.

Release cadence and rollback. If you are not releasing at least daily, ten times the throughput
makes each release ten times larger, and large releases are how small defects become incidents.
But there is a subtler point, and it is the sharpest observation I took from Bender's talk.
Rollbacks work today because you release slightly slower than it takes you to notice a problem.
Speed up releases past your detection time and every rollback has to contend with several con-
flicting changes landing on top of it. The safety valve stops being a safety valve, and nothing in

your monitoring will tell you the day it happened.

Internal interfaces. Every internal API in your firm has just become public. Not literally, but in
the only sense that matters: agents do not negotiate, they do not ask whether an interface was
meant for them, and if they can reach a dataset they will use it. Anything internal that was safe
because it was obscure is no longer safe, and the hardening you apply to public interfaces now

belongs on the internal ones too.

Token economics. The cheaper a resource gets, the more of it we use. Tokens are now a real cost
with real variance, and it is entirely possible to spend a month's budget in a day. Worse, if you
put a token-dependent agent on a critical path, you have created a failure mode nobody has a
runbook for: the rollback that cannot run because the agent that performs it has exhausted its

budget.

The people pipeline. A new engineer with fifty agents at their disposal and none of the judge-

ment to direct them is a genuinely new situation. The reason it takes years to become a technical
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lead is that judgement accrues from consequences, and consequences used to arrive at human
speed. Compressing ten years of intuition into six months is not a training problem anyone has

solved, and pretending otherwise is how firms end up with senior titles and junior decisions.

Human attention. The last node and the binding one. Every other constraint can be bought.
This cannot. We benefited for decades from the fact that we could not create more work than we
could pay attention to, and that is no longer true. Attention is now the scarcest input in the firm,

and any design that spends it casually will fail regardless of how good the rest of it is.

Run the ten times audit

One afternoon, the delivery leads in a room, a whiteboard. The output is a ranked list of what fails first,
which is the only prioritisation that matters.

1. Draw the actual pipeline, from client conversation to production, including the human steps and the
waiting. Not the process document. What really happens.

2. For each node, multiply by ten and answer one question: does this get slower, or does it stop?
Slower is a cost. Stops is a wall, and walls are what you are looking for.

3. Mark which nodes cannot be bought out of. Compute can be bought. Specification capacity, review
judgement and attention cannot, and those are your real ceiling.

4. Rank by what breaks first, not by what worries you most. Then fix one, and only one, before the
next audit.

Try it: most firms find the wall is not technical. It is the number of hours their two best people have, and no
amount of tooling moves it.

Four things worth building before you need them

The audit tells you what breaks. These four are what to build regardless, because every version of

this transition needs them and all four take longer to build than the warning you will get.

Capacity visibility. You cannot allocate what you cannot see. Know where your compute, your
tokens and your people's hours are actually going, before you need to make a decision about any

of them under pressure.

A validation strategy, as distinct from a test suite. Not which tests exist, but what you will do
when you can no longer run all of them: how you scope, what you sample, and what evidence

you accept. This is the part of the transition with the longest lead time.

Isolation, so that the fun work cannot reach the work that pays. Tiered environments with real

boundaries, and blast radius as an explicit design property rather than a hope.

Abstractions worth handing to an agent. We build frameworks so that engineers cannot easily

make certain mistakes. Agents make decisions at volume, so the same logic applies with more
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force: give them a small number of good choices rather than a large number of possible ones.

Every bad option you remove from the environment is a class of defect you will never have to

catch downstream.

Why this belongs in a book about verification

Because verification is the node that fails first and least visibly.

Every other wall announces itself. Compute costs appear on an invoice. Environments queue.

Releases get scary. Verification does not announce anything: it degrades into a process that still

runs, still reports green, and has quietly stopped being evidence. That is the whole content of

Chapter 8's three lies, and the ten times question is how you find out where it will happen before

it does.
@ ACADEMIA @ ENGINEER
Systems thinking has become a Pick one node you own and do the
practical necessity rather than an multiplication this week. You will
elective. The two questions that find something, and you have more
drive this audit, why is it this way agency over it than the size of the
and what if it were not, are more change suggests.

durable than any tool being taught
alongside them.
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@ FOUNDER

Your ceiling is almost certainly
specification capacity and review
judgement, not delivery capacity.
Plan hiring and pricing around the
constraint you actually have rather
than the one your cost model
assumes.



CHAPTER 15 - PART IV

Growing people, guarding data

The pipeline the industry is dismantling and how to rebuild its entrance, the three shifis a
leader has to make, and the precondition an offshore Al firm cannot skip.

f Al does the well-defined work that juniors used to cut their teeth on, the reason to hire and
I train them weakens, and the industry is responding as you would fear. Stanford's employ-
ment work already shows the decline landing hardest on entry-level roles. But juniors are how
you build seniors, and seniors are the judgement the whole model runs on, so a firm that stops

hiring them is trading its next decade for this year's margin.

Move the entrance, not the standard
The move is not to protect junior work from automation, which is a losing fight and produces
engineers trained for a job that no longer exists. It is to change where juniors enter: not through

the keyboard, which Al took, but through verification and specification.

This is a better apprenticeship than the one it replaces, and I want to argue that rather than as-
sert it. You learn more about correctness by adversarially trying to break a hundred generated ar-
tifacts than by carefully producing three of your own. The old path taught you to write code that
works, which is genuine but narrow, and it taught it slowly because you saw few examples. The
new path exposes a junior to a large volume of plausible-but-sometimes-wrong work and asks
them to find the difference, which is precisely the skill the whole firm now sells. They are also,

from week one, doing work that has value rather than work that is subsidised training.

The ladder that follows from this is concrete. Start on the checks: running the pyramid, reading
the evidence, learning what each layer catches. Progress to adversarial review, where the job is to
find divergence rather than to confirm. Then to specification, where the work is turning ambigu-
ity into criteria. Then to owning a gate, which is the first seat carrying real accountability. That is
a career path, it maps onto the four seats from Chapter 11, and it takes a person somewhere use-

ful rather than somewhere obsolete.

Three shifts a leader has to make

None of that works inside a system that punishes it. Google's research is blunt about this and
quotes Deming, who has the last word on the subject: a bad system will beat a good person every

time. Three shifts, and they are all uncomfortable.

Redefine how you measure productivity. Stop measuring teams by pull requests, throughput,

or lines accepted. Those numbers now go up on their own and they no longer correlate with any-
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thing you care about. Measure outcomes and business needs met, with a balanced portfolio
rather than a single figure. The specific danger is measuring only speed: if you do, engineers will
stop rigorously verifying machine output, because verification costs time and shows up nowhere

in the measure, and instability arrives a quarter later looking like bad luck.

Protect productive struggle. Carve out real hours, during work time, for engineers to learn the
tools and understand the systems they are building. Architectural walkthroughs, deliberate ex-
periments, tracing a pipeline by hand. If you do not fund the building of mental models, your
team accumulates cognitive debt, which behaves exactly like technical debt except that it is invis-

ible until someone has to make a decision under pressure and cannot.

Foster real psychological safety. Teams building agentic workflows will build ones that fail. If
failure is punished, people retreat to the practices they already know, which is the safest individ-
ual choice and the worst organisational one. Blameless postmortems, and celebrating intelligent
failure, are not culture-deck items here. They are the mechanism by which a firm learns faster

than its competitors during a period when nobody knows the answers.

There is a sentence from the same research that belongs on a wall: ten times the output cannot
come with ten times the cognitive load. Managing an agent workforce while architecting com-
plex systems, staying permanently in high-altitude decision space, verifying machine output and
context-switching between parallel workstreams is genuinely exhausting. A firm that captures
the throughput gain and passes the entire cognitive cost to its engineers will burn them out and

lose exactly the judgement it now depends on.

Guarding data, which an offshore firm cannot skip
Now the precondition. A firm delivering across borders with machine assistance is handling oth-

er people's regulated data in a new way, and the reassuring part is that the controls are not exotic.

Cross-border transfers ride on established machinery: the European Union's Standard
Contractual Clauses, adequacy decisions such as the European Union and United States Data
Privacy Framework, upheld by a European court in September 2025 and still one appeal from
uncertainty, and Saudi Arabia's 2024 transfer regulations, which condition transfers rather than
forbid them. For United States health data a Business Associate Agreement is mandatory, and
the major model providers will sign one, but only on enterprise and API tiers and never on a

consumer product.

The new exposure that Al adds is narrower than the general anxiety about it: regulated data
leaking into a model's prompts, logs, and evaluation or training sets. The mature answer pairs

contract with engineering.
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On the contract side: enterprise tiers that do not train on your data by default, zero data reten-
tion where the stakes require it, processing agreements with sub-processors disclosed, and the
standard attestations, meaning SOC 2 Type II, ISO 27001 and ISO 27701. On the engineering
side, one control does more than all the others: redact or tokenise sensitive data before it ever
reaches a model. Governance frameworks now exist for exactly this, from the National Institute
of Standards and Technology's Al Risk Management Framework with its 2024 generative profile
through to the certifiable ISO 42001.

I have watched teams treat all of this as a lawyer's problem. It is an engineering problem with a
lawyer's vocabulary, and the failures are almost always organisational rather than technical: the
wrong subscription tier, a missing agreement, raw client data pasted into a prompt by someone

in a hurry.

Owning outcomes without owning unbounded risk

One more precondition, and it is what separates owning outcomes as a durable business from

owning them as an uninsured bet.

It means explicit limits of liability, indemnification matched to the risk actually taken, profes-
sional insurance sized to the engagements, and, in regulated domains, a named credentialed hu-
man who signs the correctness gate and carries the professional accountability that a firm and an
agent cannot. Cross-border handling, residency rules and sectoral regimes in health and finance
do not care that your cost base is offshore, so the contract has to draw the line between what the

firm guarantees, what it shares, and what remains the client's.

This connects directly to the oracle ladder. The guarantee you can defensibly offer is bounded by
the evidence you can produce, which is bounded by the rung you are on. A firm that guarantees
outcomes on rung-5 work has not been brave; it has written an option against its own balance

sheet.
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The data-handling floor

Six checks, before any client data touches a model. If you cannot tick all six, the correct answer to the
client is not yet.

1. Tier. Enterprise or API, never consumer. No training on your data by default, and zero retention
where the stakes require it.

2. Paper. Processing agreement in place, sub-processors disclosed, transfer mechanism named, and a
Business Associate Agreement where health data is involved.

3. Redaction before transmission. The single highest-value engineering control, and the one most
often skipped because it is unglamorous.

4. Logs. Know what your own pipeline retains. Prompts and traces are data too, and they are the part
teams forget.

5. Attestations. SOC 2 Type II and ISO 27001 as the floor, ISO 27701 or 42001 where the client's
regime asks for it.

6. A named human accountable for the correctness gate in regulated work, with the credential the
domain requires.

Try it: provider and jurisdiction specifics change quickly, so verify these per engagement rather than once
per firm. A control that was true last year is not evidence this year.

@ ACADEMIA @ ENGINEER @ FOUNDER

The entry-level collapse is the most If you are early in your career, ask Hire juniors into verification and
consequential structural story in for the verification seat rather than specification, measure outcomes
the field, and the response, moving the ticket queue. It is where the rather than output, and fund the
the entrance to verification rather scarce skill is, and it teaches faster learning time. The alternative is a
than defending the keyboard, is than producing would have. firm with excellent throughput and
teachable now. nobody able to make a judgement

callin five years.
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PART FIVE

The Economics

The method makes you good. This part is what makes you money:
why selling hours now punishes you, and how to price the proof

mstead.,




CHAPTER 16 - PART V

Why hours punish you,
and how to price the proof

The method makes you good. This part 1s what makes it pay: why efficiency under time and

materials is a self-inflicted wound, and what to charge instead.

hapter 3 planted the rule: you cannot charge for a result you cannot evidence. This is
C where it cashes out. Most firms cannot move off hours, and the reason is not that they
lack nerve. It is that they lack the proof. Verification is what lets you evidence a result, which
makes it the enabler of outcome pricing, and it also makes the outcome transferable across dis-

tance, which is the offshore firm's specific problem.

The arithmetic that should frighten you

Start with what efficiency does to a firm that bills for time, because the mechanism is rarely stat-

ed plainly.

An engagement you used to sell at a thousand hours, at a blended offshore rate near forty dollars,
billed about forty thousand dollars. Al compresses the same delivery to roughly three hundred
and fifty hours. Under time and materials that identical result now bills about fourteen thou-
sand. You have cut your own revenue by nearly two thirds, for the same outcome, by getting bet-

ter at your job.

There is no version of this where working faster under an hourly model makes you more money.
The efficiency gain does not accrue to you by default; it passes straight through to the client as a
smaller invoice. That is the punishment in the chapter title, and it is already happening to firms

who have not yet noticed because their volume has held up.
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A cost-of-proof model, worked

Illustrative numbers, chosen to show the shape of the argument rather than to report a client result. Your
real ratio arrives with your own pilot.

1. The old line. 1,000 hours at a blended $40 billed about $40,000.
2. The penalty. Compressed to 350 hours, the same result bills about $14,000 under time and
materials.

3. Price the outcome. Anchor a fixed fee to the value of the deliverable, say $45,000, plus a bounded
outcome component of up to $10,000 tied to one agreed metric in a defined window.

4. Add the cost of proof. The engine is not free. Say it adds a quarter again to the compressed build:
350 hours of build plus about 90 of proof, 440 hours all in, near $11,000 of delivery cost at a $25
fully loaded internal rate.

Try it: run these four lines on one real engagement with your own rates. If the value-anchored fee clears
the cost of proof by a healthy margin, you have found where the engine pays. If it does not, you have found

the work where a lighter subset belongs.

The shape is what matters. The same efficiency that gutted the hourly line now sits underneath a
value-anchored fee, and the proof is what earns the right to charge that way. Without it, step

three is a request for trust rather than a proposal.

The rung sets the contract

Chapter 9 argued that the strength of a correctness claim is bounded by the oracle available. The

commercial consequence is direct and it is the most useful thing in this chapter.

On rung 1 or 2, where a live system or an audited record exists to reconcile against, an outcome-
based fee is genuinely defensible. When the client asks what makes you so sure, you have an an-

swer that does not depend on their opinion of you.

On rung 4, where the specification is the oracle, you can commit to conformance: every stated
criterion met and evidenced. That is a real, sellable promise and a narrower one, and pricing it as

though it were rung 1 is how firms end up guaranteeing outcomes they had no way to measure.

On rung 5, you are selling judgement. That is a legitimate and often premium thing to sell, and it

is a dangerous thing to guarantee. Price it as expertise, not as an outcome.

The practical instruction is to run the rung audit before the pricing conversation rather than af-
ter it, and to let the mix of rungs across the scope determine the shape of the fee. An engage-
ment that is sixty percent rung 4 and forty percent rung 5 should not carry a single uniform

guarantee, and saying so in the proposal is a mark of seriousness rather than a weakness.
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The industry is moving, not moved
It would be convenient to claim the market has already shifted. It has not, and the honest de-

scription is that its centre of gravity is moving.

Analysts have named the shift Services-as-Software: the breaking of the old link between head-
count and revenue. The named data points are real if still early. One large provider reports that
close to half of its business-process contracts now carry outcome-based terms; another reports
six to seven percent of revenue and rising. The common shape of new deals is a hybrid of sub-

scription, consumption and outcome components rather than a clean replacement of hours.

The largest players are moving in the same direction. Accenture's 2025 restructuring, roughly an
eight hundred and sixty-five million dollar programme that exited staff who could not be
reskilled while growing its Al and data practice to about seventy-seven thousand people through
hiring and retraining, points from billed time toward measurable outcomes. I read that as a di-
rectional signal about where the industry is going, not as validation of anything a forty-person

firm does.

Time and materials is not dead. A small firm can move faster than a hundred-thousand-person
one precisely because it has less billed time to protect, and that is the actual opportunity here:

not that the model is obsolete, but that being early is temporarily worth a great deal.

Count the cost of proof honestly

The engine is not free, and a chapter that priced it as though it were would be selling something.

On low-stakes work the full engine is over-engineering, and running it anyway is how a method
acquires a reputation for being expensive and slow. The instruction is to run it where correctness
is the product, run a lighter subset where it is not, and measure the ratio rather than assume it. A
firm that cannot say what proportion of its delivery cost is verification has no basis for either

decision.

This is also where the honest answer to a sceptical client lives. When they ask why your quote is
higher than the firm that will just build it, the answer is not that you are more careful. It is that
the quote includes the evidence, that here is what the evidence consists of, and that they are wel-

come to buy the cheaper version without it and see which one they end up paying for twice.

A tempting statistic I will not use
There is a number that would make this chapter much easier to write. The claim that a defect
costs a hundred times more to fix in production than in design appears in nearly every argument

for early quality investment.
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It is folklore. It traces to unpublished training notes from the 1980s with no study behind it, and
I will not lean on it, because a book about verification that cites an unverifiable statistic in its

own favour has failed at the first opportunity to practise what it argues.

The defensible version is narrower and still enough. Catching defects earlier through review and
short feedback loops is well supported. And the aggregate cost of poor software quality in the
United States was estimated at at least 2.41 trillion dollars in 2022, which is a single-source
modelled estimate and should be quoted as one. Verification is how a firm moves defects earlier.
That is worth paying for without inflating the number, and refusing the convenient figure is it-

self a demonstration of the standard being sold.

Price one engagement three ways
Take a live proposal and cost it three times before you send it. An hour, and it usually changes the number.
1. As hours, at your real post-Al delivery estimate. This is the number your competitor will quote, and
it is your floor.

2. As a value-anchored fixed fee, derived from what the deliverable is worth to the client rather than
from your cost. Then add the cost of proof as an explicit internal line so you can see the margin.

3. As fixed fee plus a bounded outcome component, tied to one agreed metric, in a defined window,
with the rung stated. Only offer this where the oracle supports it.

Try it: the gap between the first and second numbers is what your evidence is worth. If the gap is small, the
honest conclusion is that your evidence is not yet good enough to sell, and that is useful to learn before the
client tells you.

@ ACADEMIA @ ENGINEER @ FOUNDER

The economics of verification is an Track how long verification takes Under hours, every efficiency gain
underserved research area, and the you, per class of work. That number is a pay cut you administer to your-
interesting empirical question is the is the one your firm needs and al- self. Move deliberately, and only as
cost-of-proof ratio across domains most certainly does not have. fast as your evidence lets you

and oracle strengths. defend.
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The Honest
Edges

A book about verification owes you an honest account of what 1t
has not yet verified. This is where the argument s thin, and what

would change my mind.




CHAPTER 17 - PART VI

What is not yet proven

The status of the claim, the strongest objections stated as an opponent would state them, and
what one shipped engagement would have to produce to settle any of it.

he method is complete on paper and proven in parts. It has not run end to end on a full
I client engagement, because the reference pilot has not shipped. Hold Part III as a well-

reasoned, partially tested hypothesis, and price and scale accordingly.

What this edition can now claim, and what it cannot

Something changed between editions and it is worth reporting precisely rather than letting it

inflate.

The engine has now been run end to end on a real system: the publication of this book. That sys-
tem is small and fully instrumented, and the run produced evidence rather than assertions.
Thirty-four acceptance probes against a live server, forty-eight whole-site probes, unit tests over
the deployed libraries, ninety-four penetration checks, and four hundred and forty browser ren-
ders across three engines. More usefully, it caught four defects that every green test in the suite
had missed, described in Chapter 10, including a bundle that twice reverted approved accessibil-

ity fixes and a check that reported a clean result for pages it had never loaded.

That is a genuine result and it is a smaller claim than it may sound. A static publication is not an
enterprise system. It has no users to disagree with each other, no regulated data, no legacy sys-
tem to reconcile against, and no client with a changing mind. What it demonstrates is that the
controls fire on real work and catch real defects. What it does not demonstrate is that the engine
pays for itself on a commercial engagement, which is the claim the whole of Part V rests on and

which remains unevidenced.

The strongest objection
Stated as an opponent would state it: verification is the more checkable half of the work, and
checkable work is the most automatable kind there is, so the moat may be built on the wrong

side of the collapse.

I cannot dismiss this. My answer is that the book already hands every pyramid layer below the
human gate to machines, so I am not betting on humans performing the mechanical checking.
What does not automate cheaply is the judgement at the two ends: deciding what correct means
for a messy client, and attesting to domain correctness where a credential carries legal weight.

The durable human value sits at specification and attestation, not in the verification labour be-
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tween them. If models come to do those two as well as a senior human does, this strategy has a

shelf life, and so does a great deal else.

The others, briefly

The heavy pyramid may not pay for itself, which is exactly why Part V insists on measuring the
ratio rather than assuming it. The firms best placed to run this may be the large integrators and
the labs' own deployment arms, which means the book's validating examples are also its most
dangerous competitors. Clients may treat proof as a defensive cost they will not fund at a premi-
um. And generation keeps improving, so if plausible failure is a passing phase, the justification
for a heavy discipline erodes over time. These are bets with a clock on them, and I would rather

name the clock than bury it.

Two structural gaps remain beyond the objections. The method assumes clients can articulate
testable, lockable intent, and it does not yet handle the client whose intent is genuinely undis-
covered, where a feasibility-gated lock is hostile to real and legitimate ambiguity. And adopting
the method is itself the organisational change that Stanford found to be the hardest and least
visible part of Al deployment, which this book prescribes a destination for without charting the

road.

Three limits on the new evidence
This edition leans on material that was not available for the first, and each source comes with a

boundary that should travel with it.

The Google findings describe Google. Three quarters of code machine-written with no mea-
surable reliability loss is real, and it is a property of an ecosystem with a monolithic repository, a
global test platform running billions of tests a day, and twenty-five years of investment in exact-
ly the fundamentals their own research says determine whether amplification helps. The direc-
tion of travel transfers. The conditions do not, and a small firm reading those numbers as a fore-

cast for itself will be disappointed.

The market data is a snapshot of a forming role. Roughly 1,190 forward-deployed postings
across 585 hirers, spread over more than four hundred job titles, is evidence of real demand and
also evidence that the market has not yet agreed what the role is. Titles that diffuse usually con-
solidate, and some of that demand will turn out to have been something else wearing a fashion-

able name.

The agent operating loop is one practitioner's field guide. The A.G.E.N.T. structure used in
Part IV is drawn from work I find genuinely useful and it has not been independently validated.

Its own assessment phase, as published, scores workflows qualitatively without thresholds or a
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decision rule, which I have said plainly in the chapter that uses it. Adopting it should mean

adding the missing rigour rather than assuming it is there.

What your pilot must produce

The fix for most of the above is data, not argument. One shipped engagement, reported honestly, with three
numbers.

1. The cost of running the engine against the value delivered, so the cost-to-margin ratio stops being
a framework and becomes a number.

2. The specific defects the method caught that a normal process would have shipped, so the
correctness claim has evidence rather than plausibility.

3. The margin achieved under outcome pricing, so the commercial thesis has one real case behind it.

Try it: until those exist, treat this book as an elegant hypothesis with four real catches behind it, and price
and scale accordingly. Saying so is the last application of the book's own discipline to itself.

\
@ ACADEMIA ® ENGINEER @ FOUNDER
Treat the book itself as a hypothe- Run the method first where an ora- Price and scale as if the objections
sis under test. The pilot's three cle exists. Its unproven edges are might be right. One shipped en-
numbers are the experiment; as- exactly where your own judgement gagement's three numbers settle
sign them, do not assume them. still has to decide.

more than any argument in this
book.
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The Same Shape,
Wherever You

(Generate

The book 1s about software, and i1t should be read that way first.
This is the wider pattern I keep meeting once I look up from the
code. Offered as a lens, not a second method.




CODA - BEYOND CODE

The same shape,
wherever you generate

Working the method's early pieces taught me something the software chapters only imply. The
shift is not really a fact about code. It is a fact about generation.

verything in this book was built for software, and I want it read that way first. But once I
E had run pieces of the method on real work, the full belt still waiting on its reference pilot,
I started seeing its outline in places that were not code at all. I would draft a chapter, generate a
batch of images for a deck, spec a short document, and each time the same shape appeared. The
making got cheap. The deciding what to make, and the checking that what came back was actual-
ly right, did not. This coda is that observation, held to the same standard the rest of the book de-

mands, which means naming exactly where the parallel holds and where it breaks.

Start with what is solid, because it is more than a hunch. The pattern has a name now beyond
this book. Researchers and toolmakers have begun calling it the generation-verification gap: as
models get better at producing plausible output, the scarce work moves to specifying intent up
front and verifying the result against it. It shows up in code, where a 2026 developer survey
found most engineers do not fully trust Al-written code and the recommended fix is to write ac-
ceptance criteria before you generate and check output against them. It shows up in writing,
where the old editorial stack, a style spec, fact-checking, a review against a rubric, is exactly a
specify-then-verify loop. And it shows up in images, where tools now decompose a prompt into
checkable properties, object present, count correct, color right, position right, and score the pic-
ture against them automatically. Provenance standards like Content Credentials add a second
verification layer for authenticity. The value-shift is real, it is documented, and it is not confined

to software.
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generate (cheap) VERIFY

WORDS generate (cheap) CHECK + JUDGE

generate (cheap) CHECK + JUDGE

objective oracle (code)

to human taste (art)

THE SAME FAT-ENDS SHAPE ACROSS DOMAINS. WHAT CHANGES IS THE RIGHT END.

Now the hard part, because a book on verification cannot generalize sloppily. The word verify
hides two different acts, and the parallel is only as strong as your care in telling them apart. One
is verification against an oracle: does the code pass its tests, is the claim factually true, does the
image contain the three red circles the brief asked for. That is objective, and there the method
transfers almost intact. The other is evaluation against taste: is this prose any good, is this image
striking, is this argument persuasive. There is no oracle for that. Automated judges are unreliable
exactly where it matters most, with agreement near 0.48 against human reviewers when there is
no reference answer to anchor them, and the researchers who build image-scoring tools say
plainly that their tools measure whether the picture followed the spec, not whether it is beauti-
ful. Code sits almost entirely on the objective side, which is why it is this book's flagship. Words
and images straddle both. Their correctness layer obeys the method. Their quality layer does not,

and pretending otherwise would be the exact hype this book was written against.

Two more limits belong on the table. The spec is often the hardest part and sometimes cannot be
written in advance, which is as true for a novel or a brand identity as it is for a product nobody
has scoped yet. And generation is cheap, not free. It carries compute, energy, and the cost of cor-
recting what came back wrong, and better models can make verification harder, not easier, by
hiding subtler mistakes inside cleaner-looking output. So the generalization worth keeping is
narrow, and worth stating exactly. The value-shift is universal. The verification mechanism is
not. It runs from a hard gate where an oracle exists to a human judgment where none does, and

the scarce skill, in every case, is still deciding what good means and standing behind the result.
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The making got cheap everywhere at once. The deciding,
and the standing behind it, did not. That is the whole
shape, and software is just where it is sharpest.

The portable question set

Before you generate anything with a model, code, copy, a deck, an image, ask these four. They are the belt
stripped to what survives crossing domains.

1. What is the spec? Write down what good means before you generate, concretely enough that a
second person could check it. If you cannot, that is the work, and it is not the model's to do.

2. Is there an oracle? Decide up front whether the output can be checked against truth, or only judged
against taste. Gate hard where an oracle exists. Where it does not, use human judgment and stop
calling it verification.

3. Who checks, independently? The maker does not sign off on the make. A different person, or at
least a different model, checks against the spec. This holds whether the artifact is a function or a
paragraph.

4. What are you standing behind? Name the claim you will put your reputation against, and bound the
part you cannot prove. The rest is generated, and generated is not the same as owned.

Try it: run these four on the next non-code thing you make with a model. The ones you cannot answer are
where your real work now lives.

@ ACADEMIA @ ENGINEER @ FOUNDER

Teach verification as a literacy, not The habit you built for code, spec The same margin logic repeats

a coding skill. Specify-then-verify is first, prove after, is portable. Carry across every generative service you
a way of thinking that a writing it to every artifact you generate, might sell. Charge for the spec and
seminar and a compilers course and know which end has an oracle. the proof. The generation in the
now share. middle is the commaodity.

Keep the book's purpose in view. This coda widens the lens on purpose, but the argument you can act on is the soft-
ware one, built and defended in the seventeen chapters before it. The generalization is a lens I offer with its limits at-

tached, not a second method with its own proof. Take the engine to your code first. Take the shape to everything else
with your eyes open.

Take the toolkit. The specification and verification frameworks in this book, the Markdown files and the starter kit

you can drop into a real project, live in their current form at waqaspitafi. com, along with the interactive edition
of this book and the material that accompanies it. The book makes the case once. The site keeps the tools current as

the practice moves.
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APPENDIX A

What is old, what is new

A book that claims everything as invention loses a technical reader in a paragraph. Here 1s
the breakdown, made checkable.

The book introduces twenty-six named constructs. Twelve are original, ten are established prac-
tice given a new name or applied to agent-generated work, and four are framing. Lead with the

six starred, credit the rest to their lineage, and the claim of novelty holds up.

12 ORIGINAL 10 ADAPTED 4 FRAMING

0RIG » Free to Generate, Paid to Verify ADAPT The belt (spec-driven dev, V-model)

oriG « Verification as the pricing engine ADAPT The pyramid (Cohn's test pyramid)

orIG » Independence as an artifact rule ADAPT The adversarial panel (LLM-as-judge)

orIG » Conformance is the definition of done ADAPT  Ground-truth reconciliation

0rRIG + The remote-forward-deployed hybrid ADAPT Traceability matrix (DO-178C)

ORIG » Extract, don't pre-build ADAPT Two-tier compliance (RFC-2119)

oric Builder's tests are never the gate ADAPT Property-based invariants (QuickCheck)

oric Conformance-proved gate + 4 sign-offs ADAPT The pod (Al-first small teams)

orIG Back-propagation as a gate rule ADAPT Sign-off at four moments (stage-gate)

or1iG Portable core + manifest seam ADAPT Hybrid value-based pricing

orIG Feasibility-gated lock + custody FRAME The convergence pattern

orIG Juniors enter through verification FrRAME Four-era timeline - the fat-ends shape - three
lenses

26 CONSTRUCTS, CLASSIFIED - THE SIX STARRED ARE THE DEFENSIBLE CORE
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APPENDIX B REFERENCE

The method on one screen

The whole engine, condensed, for a practitioner who wants the runnable version without the

argument.

THE BELT

Spec, Plan & design, Build, Verify, Operate. Humans
own the two ends. Recursive: every artifact is produced,
verified, gated.

PER-CHANGE PYRAMID

Static, unit/property (sampled), integration, acceptance
(from the spec), reconciliation, adversarial panel, hu-
man gate. Layered cadence.

INDEPENDENCE

No one verifies what they built. Builder tests never gate.
On critical paths, a human or a different model family at
the gate.

COMPLIANCE
MUST breaks the build; SHOULD flags. A MUST is

waived only by a dated, named record. Human sign-off
at four gates only.

THE SEAM

Portable core plus a project manifest. If a thing is nei-
ther, the seam is wrong.

THE CANONICAL METHOD,
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THE ORACLE

The spec is truth. Verify against it, never the code. Lock
only after a feasibility review. Force ambiguities to a
human.

PER-MILESTONE GATE

Build-completion battery plus a production-readiness
checklist, risk-scoped. Mark what you did not run.

CONFORMANCE DONE

Proven to match the approved artifact, no open gap.
Green tests are plumbing. Else the status is “in

progress.”

GROUND TRUTH & TRACEABILITY

Reconcile against a real answer where one exists; de-
clare its absence. A living matrix. Back-propagate on
every change.

THE GROWTH RULE

Extract, don't pre-build. The core grows only from what
a real project proved.

ON ONE SCREEN



SOURCES

The evidence, and where to check it

A claim you cannot verify is a claim you cannot own. The same rule applies to this book.

METR (2025): experienced developers about 19% slow-
er on mature code, a roughly 39-point perception gap. A
historical snapshot. metr.org

GitClear: in 2024 copy-paste first exceeded refactored
code; reuse fell from about 25% to under 10%, churn
rose from about 3% to under 6%, across 211M+ lines.
gitclear.com

Brynjolfsson, Li & Raymond (NBER w31161): +14% av-
erage, +34% novice, near zero for experts, across 5,179
support agents.

GitHub Copilot study (Peng et al.): about 56% faster on
a bounded task, largest gains for the less experienced.

Google DORA (2024): higher AI adoption tracked with
small drops in delivery throughput and stability; DORA's
2025 follow-up saw throughput recover while instability
persisted.

Stanford Digital Economy Lab (2026): model inter-
changeable in about 42% of 51 cases across 41 organi-
zations; the edge is the orchestration layer. Also the
2025 finding on entry-level employment decline.

Palantir, “Dev versus Delta” (2019): the forward-de-
ployed engineer defined; the “one customer, many ca-
pabilities” contrast is my compression of the post.
blog.palantir.com

Forward-deployed surge: postings up more than 800%
across 2025 (Financial Times, single dataset); OpenAl's
Deployment Company and Anthropic's Ode (with
Blackstone and Hellman & Friedman), 2026, via trade
reporting.

Accenture (2025): an approximately $865M restructur-
ing that exited staff who could not be reskilled, along-
side growth of its Al and data practice to about 77,000
via hiring and reskilling. Read as a directional signal.
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Google for Developers (2026), three conference ses-
sions, transcribed in full. “Build core skills to thrive as
an Al-era developer,” Andrew MacVean and Nicole
Forsgren, Developer Intelligence and DORA: three quar-
ters of Google’s code AI-written with no measurable re-
liability loss; the productivity paradox, where individual
gains coexist with reduced team-level benefit; “Al is an
amplifier and a mirror”; “delegate tasks, not judgment”;
the evolved T-shaped role; and the named practices, re-
view and shepherding and risk-assessor agents, agent
journaling, tiered risk environments, and the three-
agent migration architecture. “Software engineering at
the tipping point,” Adam Bender: software ecology,
shared fate, the ten times question, quadratic depen-
dency growth, the conjunction of Booleans, and rollback
posture. “Defining the agentic Al era,” a panel with Jeff
Dean, Koray Kavukcuoglu, Liz Reid and Josh Woodward:
Amdahl’s law applied to agent tooling, and a program
with its tests as a fully specified problem where a natur-
al-language prompt is not. Chapters 2, 4, 5, 7and 14
draw on these directly, quoted from the sessions’ own
captions rather than from secondary reporting.

Fakhar Khan, Soft Pyramid. “The forward-deployed en-
gineer roadmap” supplies the market data in Chapter
12: roughly 1,190 United States postings across 585
hirers in a thirty-day window in 2026, about 98 percent
customer-facing and 92 percent embedded, with the
published compensation bands and the five-layer skill
signature. The A.G.E.N.T. Playbook supplies the operat-
ing loop and the agent archetypes used in Chapters 5
and 11, and the explicit stop conditions in the delega-
tion boundary. Both are one practitioner’s field work
rather than independently validated research, and
Chapter 17 says where I think the playbook’s assess-
ment phase still needs a decision rule.

The publication pilot. The four defects described in
Chapter 10, and the three ways a pyramid lies in
Chapter 8, are drawn from the verification record of this
book’s own publication: its acceptance probes, confor-
mance register, approved-deviation record and QA re-
ports, which are published alongside the book rather
than summarised here.



Tools named: GitHub Spec Kit (spec-driven develop-
ment) and the AGENTS.md instruction-file standard,
with CLAUDE.md as its equivalent.

Coda, the wider pattern: the generation-verification gap
as a named phenomenon in recent research and tooling;
a 2026 developer survey on distrust of AI-written code;
GenEval, which scores images against decomposed
prompt properties (object, count, color, position) and
whose authors note it measures spec-adherence, not
aesthetic quality; Content Credentials (C2PA) for prove-
nance; and evaluation research showing LLM-as-judge
agreement with humans near 0.48 without a reference
answer. The generalization is offered as a documented
value-shift, not a claim that verification means the same
thing in every domain.

Economics of pricing (Chapter 15): the shift from labor-
based to outcome and value-based commercial models
is documented by HFS Research (Services-as-Software,
2025) and reported across the services industry in 2026
(for example a large provider with close to half of its
business-process contracts outcome-based, another at
six to seven percent of revenue), with hybrid subscrip-
tion, consumption, and outcome pricing the common
shape. The cost of poor software quality in the United
States was estimated at least $2.41 trillion in 2022
(CISQ), a single-source modeled estimate. The worked
cost-of-proof numbers are illustrative, not a client
result.

95

The defect-cost myth: the “bugs cost 200x more in pro-
duction” claim traces to unpublished 1980s IBM train-
ing notes with no verifiable study, and is not used here.
What is supported is narrower: review and short feed-
back loops catch defects earlier.

Data governance (Chapter 14): GDPR Standard
Contractual Clauses and adequacy, the EU and United
States Data Privacy Framework (upheld September
2025, still subject to appeal), HIPAA Business Associate
Agreements on enterprise and API tiers, and Saudi
Arabia's 2024 transfer regulations. Enterprise model
tiers that do not train on customer data by default and
offer zero data retention; SOC 2 Type II, ISO 27001 and
27701; and governance frameworks NIST AI RMF (with
its 2024 generative-Al profile) and ISO 42001. Provider
and jurisdiction specifics change, so verify per
engagement.

Two claims are deliberately parked until better sourced: a
field-experiment output gain, and the rate at which models
generate vulnerable code. Forward-deployed compensation
figures are company-specific and crowd-sourced, so they are
noted, not leaned on.
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Anyone can now
generate software. The
game has moved to
proving it works, and to
deciding what “works”

should mean.

Build for that. Build the proving, and build the proving itself to be re-
usable, so each project makes the next safer and the method com-
pounds into a lead a rival can only rebuild the hard way, never rent.

The models are commodities. Judgment at the two ends is not.

Free to generate, paid to verity.

The working-out is not finished until the pilot ships. That flag

stands.




