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Abstract
AI coding agents such as Claude Code do not act on their training alone; they also follow text files that developers

write for them. A project file describes how the code should be written, skills are short guides the agent may choose
to read when it judges them relevant, and rules are notes tied to particular files, which the agent sees automatically
whenever it opens one of those files. We call these files the agent’s harness. Developers add to it each time they have
to correct the agent, but checking whether an addition really helps is harder than it looks: the same agent given the
same task can succeed once and fail the next time, so seeing an instruction work once proves little.

We present Cortex, a tool that tests changes to the harness instead of trusting them. At the end of a working session
it saves any fix the session made as a task it can replay; across sessions it spots the corrections the developer keeps
making, and writes one new skill or rule at a time to prevent them. It then runs the agent on those tasks several times
with the new text and several times without it, and keeps the text only if it helps overall and makes no single task
noticeably worse. Text already in the harness is tested the same way before it is deleted. Throughout, Cortex records
whether each piece of text reached the agent, and it neither adds nor deletes text that the agent never used.

We tested Cortex with Claude Haiku 4.5 on a repository built for the purpose, with a few coding conventions the
model tends to break and one area with nothing to learn, kept as a comparison. A script played the developer, and
Cortex was run several times from scratch. Each harness it built was then tested on new tasks it had never seen.

The harnesses Cortex built made the agent follow the conventions far more often than a harness with no skills
or rules, left the comparison area unchanged, and added no text that the agent must read at every step. The clearest
lesson is about how advice is delivered rather than what it says: rules, which the agent sees automatically, did most
of the work, while skills, which the agent must choose to open, helped only when they were offered for the files a
task touched; offered on every turn, they were rarely opened. We also fed Cortex useless and harmful suggestions on
purpose. It kept none of them, but the agent never opened the useless ones or the harmful skills, and the harmful rules,
which did load, were tried on tasks that mostly failed without them, where Cortex reached no verdict, even when a
harmful rule broke a task that passed without it. This shows that Cortex keeps no text the agent never uses, not yet
that it can spot text that does damage. Finally, in this study Cortex was worth as much as the model needed correcting:
under the stronger Claude Sonnet 5, which already followed most of the conventions, a single run’s harness added little,
and on a real open-source project where the agent was rarely corrected, Cortex found nothing to learn. We release the
tool, the evaluation lab and the data behind every number in the paper.

1 Introduction
Coding agents are increasingly steered not only by their weights but by text their users edit. A project instruction
file (CLAUDE.md, or AGENTS.md [16]), a folder of skills the agent may choose to invoke, and rules that load when the
agent reads matching files [4, 5] together make up what this paper calls the agent’s harness: the part of its behaviour a
developer can change in a minute, by editing text. The agent works in turns: at each step the model reads its context,
the text in front of it (the harness text that is loaded, the request and the work so far), and then acts. Harnesses grow the
way documentation grows. A correction a developer has to make twice becomes a line, the line stays, and every line
that is always in context is paid for on every turn of every session.

Little of it is measured. Whether an instruction helps is often judged the way it was written: by someone who
watched it work once. That is not evidence, because an agent’s success on a fixed task is a noisy quantity: the model
samples its output, so the same agent can pass a task on one attempt and fail it on the next. Results in this paper are
therefore given as a pass rate, the share of attempts that succeeded, and differences between pass rates in percentage
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points. In the evaluation reported here, one and the same harness, measured twice on the same tasks in separate batches
of rollouts, differed by −3.3 points (95% confidence interval, or CI, [−7.3, 0.0], resampling tasks; Section 4 explains
these intervals), a difference that, seen once, would pass for an effect. Recent studies report that adding skills can
make an agent worse [54], that skill gains measured on the tasks one repository supplies could not be told apart from
run-to-run noise [26], and that whether an updated harness helps depends on the model that uses it: weaker models
often fail to activate, or to follow, what was added [31]. A harness curated by impression can accumulate instructions
that do nothing, some that hurt, and a context bill for all of them.

A growing body of work optimises or evolves agent text automatically: prompts and programs [1, 25], agent de-
signs [18, 66], and most recently the harness itself [10, 27, 65, 72]. These systems are typically optimised and evaluated
against benchmarks. A developer’s problem is narrower and, in one respect, harder: one repository, its own conventions,
a handful of tasks drawn from their own work, a fixed context budget, and no way to tell whether a given instruction
earns its place.

We present Cortex, a tool for Claude Code that treats the harness as something to measure rather than to curate
(Figure 1). Cortex calls each skill or rule an item, and the harness the developer is using now the live harness. It consists
of three commands. /harvest runs at the end of a working session. When something in the session went from broken
to working, it saves a replayable task: the broken commit, the developer’s request, and a check, a script that decides
whether an attempt at the task succeeded. It also logs each correction the developer made along the way. /evolve reads
the corrections that recur and writes one new skill or rule, a candidate, for one of them. It also chooses the candidate’s
loading tier, which decides when its text enters the agent’s context (Section 2): if the fixes behind the problem sit in
one folder, the candidate loads only when the agent works there. It then runs the agent on the harvested tasks several
times each, with the live harness and with the live harness plus the candidate, in disposable clones of the repository.
Each attempt is a rollout, and a batch of rollouts that compares two harnesses in this way is a sweep. The candidate is
kept only if it helped, fired in at least one of its rollouts (a rule loaded into the agent’s context, or a skill opened), and
made no task worse beyond a set tolerance, which is zero on a task the live harness never failed; a candidate killed only
for such a drop is swept again first. /prune works the other way round: it re-measures live items by removing them one
at a time, and never deletes one it has not seen fire. One principle runs through both measurements: an item is credited
or blamed only where it entered the agent’s context.

An item is credited or blamed only where it entered the agent's context.

loaded into every session, each item in its tier
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Figure 1: The Cortex loop. /harvest turns a session that went from broken to working into a task; /evolve measures one candidate
against the live harness and keeps it only if it helped, fired, and cost no task more than a small tolerance; /prune re-measures live
items by removal and keeps any item it never saw fire.
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We evaluate Cortex in a replicated study (Section 4), with Claude Haiku 4.5 as both the agent that is measured and
the one that runs Cortex’s commands. The study uses a small synthetic repository with four house rules: conventions
of that one project, such as reading the current time only through its own clock module, which code can break while
still working, and which the model often breaks unaided. Each house rule has a family of tasks built around it; a fifth
family, plain bugs with no rule to learn, is the control. A script plays the developer. The 4 independent runs, R1 to
R4, each start from a fresh copy of the repository, play the same 10 rounds of scripted sessions, and let Cortex evolve
a harness from them. Every harness is then measured on 30 held-out scenarios: pieces of work of the same families
that no session played. The loop never saw them, so a gain on them cannot come from remembering the tasks it was
shown: what it learned has to carry over to new work. The main findings are these.

• It works on held-out scenarios. On the four rule families, the evolved harness beats a harness with no skills
or rules by +55.0 points of pass rate (95% CI [+34.1, +74.1], permutation 𝑝 = 0.0001). The interval allows for
chance in both which runs and which scenarios were measured. The control family changes by −0.8 points, and
no run kept an item for it.

• It adds no always-on context. Every item the loop kept has a paths field, which ties it to certain files, so that
it loads only when the agent works on them. So the evolved harness adds nothing to what every turn carries:
beyond the skill listing every arm shares, its only text present on every turn is the 559-character CLAUDE.md that
the harness with no skills or rules has too. In the one run that measured it (R1), the evolved harness also scored
11.1 points higher on the rule families than a harness that instead appends the project’s contribution guide, the
file that states the house rules, to CLAUDE.md (95% CI [0.0, +22.5]); the interval reaches zero, and the comparison
crosses a batch boundary (Section 5.4).

• It kept nothing known to be useless or harmful. None of 20 placebo candidates (plausible advice about matters
the repository does not care about) and none of 5 harmful ones was kept. The test was weaker than those counts
suggest. Each candidate is first tried in a short, cheap sweep, its screen, which runs only those of the tasks the
candidate was written for that the live harness does not always pass. The agent never opened the placebos or the
2 harmful skills on their screens, so none could be kept: Cortex’s scoring script refused the harmful skills and
12 placebos for never being used, and reached no verdict on the other 8 placebos, whose screens could show no
gain. The 3 harmful rules did load, but harm shows only on a task that passes without the harmful item, and
these screens ran on tasks chosen because the live harness had failed them, where no task could show a gain;
so Cortex’s scoring script reached no verdict on them, even on the screen where a rule broke a task that passed
without it (Section 5.3).

• Rules are loaded; skills must be chosen. Of the 18 items kept across the runs, 16 are rules. Claude Code adds
a rule to the context itself, whenever the agent reads a file that matches the rule’s paths. Of a skill, only the
description is listed to the agent; the body enters the context only if the agent decides to open it, and often it
did not. A path-gated candidate, a skill listed only once the agent works with matching files, was listed in 66
attempts at a task, in its own sweeps and in the gate test (Section 5.3), and opened in 28. An always-on candidate,
a skill listed on every turn, was listed in 198 attempts, likewise in its own sweeps and in the gate test, and opened
in none of them.

• Its value shrinks under a stronger model. The harness of run R1, which gained +66.7 points under Claude
Haiku 4.5, the model it was evolved with, gained +5.6 points under Claude Sonnet 5 (95% CI [−2.8, +13.9]).
One /prune pass after the upgrade, which ran each item’s tasks 3 times with the item and 3 times without it,
flagged 2 of its 4 items as removable.

We also report what did not work. Only 2 of 4 known-good candidates were kept. /prune reached the expected
verdict on 6 of the 8 items it was tested on, but on only 2 of the 4 planted ones, items we added to a harness with
a known right answer. It kept a useless always-on skill, which the agent never opened in its own sweep, because 2
tasks passed less often when it was removed. And an always-on skill that the agent never opens got no verdict where
the test asks for unmeasured, the verdict for an item that never fired: /prune’s plan leaves such an item out, since no
sweep could delete it, so the item stayed without being measured. Both results miss the margins of their hypotheses
(Sections 5.3 and 5.5). On a real open-source repository the agent was rarely corrected, so nothing recurred and the
loop learned nothing. Finally, Cortex can consult an optional judge, an outside model that advises which candidates to
try (Section 3.7). It was switched off during the runs; replayed on their candidates afterwards, it did not anticipate the
verdicts (Section 5.7).

3



Contributions.
1. Exposure-aware measurement semantics for harness items, where an item’s exposure is whether it entered the

agent’s context in a rollout: the same rule governs adding and deleting, so that both verdicts compare the harness
with and without the item only on the tasks where it entered the context, a candidate that never fired is not kept,
an item that never fired is not deleted, and unknown exposure blocks the verdict (Section 3).

2. A known-answer test of the acceptance pipeline: 20 placebo, 5 harmful and 4 known-good candidates run
through it. It shows that a candidate that never fires is never kept; it could not test harm, and the test’s other
weaknesses are reported (Section 5.3).

3. Evidence on loading tiers: why an item the agent must choose fares differently under measurement from one
that is simply loaded (Sections 5.2 and 5.4).

4. A replicated evaluation with a control run in which /evolve is off, an A/A arm (the same harness measured
twice, to show how far two measurements of one harness can differ), ablations (other harnesses, each built to
answer one question, such as the evolved harness with its paths removed), a model-change study and a real-
repository attempt. Every number can be regenerated offline from the released data: rows exported from the
runs’ records and from Claude Code’s session records (the records themselves are not released).

5. The open-source tool and its evaluation lab, at https://github.com/samugit83/cortex: tag v1.0-eval is
the system as evaluated, and tag v1.0.5 adds the lab’s data and the scripts that regenerate every number in the
paper.

2 Background
The harness and its loading tiers. Claude Code reads three kinds of text a developer writes [4, 5]. A CLAUDE.md
at the root of a repository holds project instructions and is read at the start of every session; recent versions of Claude
Code read an AGENTS.md in its place when a repository has no CLAUDE.md, and tailoring a coding agent to a repository
with such a context file is widespread practice [16]. A rule is a Markdown file in .claude/rules/. It may carry a
paths field, a list of file patterns such as shop/billing/** (every file under shop/billing/). A path-less rule, one
without the field, is loaded at launch, like CLAUDE.md; a path-scoped rule enters the context when the agent reads a file
its patterns match, and, as Cortex’s tests found on version 2.1.276, when the request names such a file with an @-mention.
A skill is a folder in .claude/skills/ holding a SKILL.md: a short description, then a body with the instructions. Only
the description is kept in context, in a listing of the available skills; the body is loaded when the skill is invoked: the
agent opens it with a call to Claude Code’s Skill tool, or the user types its name as a command. A skill without paths
is always-on: its description is listed on every turn. A path-gated skill, one with paths, is listed only once the agent
works with matching files. Every description in the listing costs context on every turn, whether or not its skill is ever
used [5]. Table 1 summarises these five loading tiers. The difference that matters most in this paper is between an item
that is loaded and one that must be chosen: Claude Code itself puts a rule into the context, but a skill acts only if the
agent, reading its description among the others, decides to open it.

Table 1: Loading tiers in Claude Code [4, 5]. The rows for items with paths are as Cortex verified them on version 2.1.276, the
oldest it accepts; the current documentation also counts writes and edits among the triggers of a path-scoped rule. The tier, not the
text, decides how often an item is paid for, and whether it is loaded (rules) or must be chosen by the agent (skills).

Tier What sits in context When

root CLAUDE.md the whole file every turn
always-on skill its description; the body when invoked every turn
path-less rule the whole rule every turn
path-gated skill its description; the body when invoked after a matching file is read or written
path-scoped rule the whole rule after a matching file is read or @-mentioned

Tasks with a check. Coding agents are evaluated on tasks cut from real repositories: a codebase at a commit where
something is broken, a request in natural language, and tests that decide whether the agent’s change fixes it. SWE-bench
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keeps only task instances with at least one test that fails before the reference solution, the fix the project’s developers
actually merged, and passes after it [22]; SWE-rebench extracts such tasks automatically and continuously, so that
models can be scored on fresh tasks they cannot have seen [6]. Cortex keeps the format but takes its tasks from the
developer’s own sessions rather than from public issues (Section 3.3).

One run is not a measurement. An agent’s attempt at a task is a random draw: the model samples its output, so two
attempts at the same task can take different paths through the repository, and one may pass where the other fails. A task
therefore has a pass rate, and a single pass or fail estimates it poorly. Three studies show how noisy one run is. On the
retail tasks of 𝜏-bench, a GPT-4o agent, then the state of the art, solved about three tasks in five on a single attempt, but
solved the same task in all eight of eight attempts less than a quarter of the time [63]. In the published repeated trials
of a coding-agent benchmark, fewer than one task in five had a one-run result that reliably tracked an agent’s score on
the whole benchmark [13]. When the skill files of three repositories were optimised automatically, the larger of two
optimisers’ average gains, about five points, could not be separated from the agent’s run-to-run variance with the tasks
one repository supplies [26]. Treating an evaluation as an experiment, Miller recommends two remedies [36]: sample
each question more than once, so that the luck of single attempts averages out; and compare two systems through their
paired, question-level differences rather than their two overall scores, so that what makes a question easy or hard for both
systems cancels. Cortex does both: it runs every task 𝑘 times under the live harness and 𝑘 times under the candidate,
and compares the two task by task (Section 3.4).

3 Cortex
Cortex changes only text: the files that make up a Claude Code harness. The model is fixed. This section describes
Cortex as it stands at the git tag v1.0-eval, a named snapshot of its code, with that snapshot’s default settings. Every
experiment of Section 4 was made on this version, except the development run D0, which used an earlier one. No run
changed a gate’s threshold, so the rules that decide whether an item is kept are the same in every experiment. The runs
changed a few other settings, none of which decides a verdict; Section 4 lists them.

Section 3.1 follows the three commands from start to finish. The subsections after it give the reasons for each step:
what an item costs (Section 3.2), where the tasks come from (Section 3.3), how a change is measured (Section 3.4),
when a new item is kept (Section 3.5), and when an old one is deleted (Section 3.6). Table 2 collects the terms they
use, for reference.

3.1 The three commands, step by step
Cortex consists of three Claude Code commands that the developer runs, each with a lifecycle of its own, joined into
one loop (Figure 1). The commands are prompts that the model follows; for every step that must be exact (running a
sweep, scoring it, recording a cycle), they call a command-line program, cortex, whose subcommands, such as cortex
cycle or cortex scope, appear below. /harvest runs at the end of a working session and turns what happened into
evidence: a replayable task when something went from broken to working, and a one-line lesson for each correction
(Figure 2). /evolve runs one cycle at a time: it looks in that evidence for one recurring problem, writes one skill or
rule for it, and measures it against the live harness before it is kept (Figure 3). /prune is meant to run monthly and
after every model change: it measures what removing each item of its plan costs, one item at a time, and deletes only
what costs nothing measurable (Figure 4). The three figures follow each command from start to finish, including every
point where it stops early; the rest of this section gives the reasons for each step.

The three commands as algorithms. Algorithms 1 to 3 give the same three commands as short pseudocode, in
the order a developer meets them. /harvest (Algorithm 1) only records: it turns a session into a task, lessons, or
nothing, and never runs the agent. /evolve (Algorithm 2) adds: it picks one recurring problem, writes one skill or
rule for it, and keeps it only if a measurement against the live harness says so. /prune (Algorithm 3) removes: with
the developer’s approval, it measures what taking each item out costs and deletes only the items whose removal costs
nothing measurable. The scores and thresholds they use (𝐺, 𝑁 , 𝐷, 𝑓 , 𝑃, 𝑚, 𝜏) are defined in Sections 3.4 and 3.5.
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Table 2: The terms this paper uses for Cortex, in roughly the order a reader meets them, with the subsection that explains each in
full.

Term Meaning See

harness the text files that steer the agent: CLAUDE.md, skills and rules Section 2
item a skill or a rule, the harness files Cortex measures Section 3.2
live harness the harness the developer is using now Section 3.4
loading tier when an item’s text enters the agent’s context (Table 1) Section 2
task an episode /harvest saved so it can be replayed: a broken commit, the request, a check

and the fix
Section 3.3

check a script that exits zero when an attempt solved the task Section 3.3
quarantine set aside a task whose check no longer tells the broken state from the fixed one, or needs

the fix’s own test code
Section 3.3

lesson one logged line for each correction the developer made Section 3.1
theme a problem that recurs in the lessons or the failing tasks Section 3.5
candidate a new skill or rule under test, not yet live Section 3.5
rollout one attempt by the agent at one task, in a sandbox clone of the repository Section 3.4
sweep a batch of rollouts that runs each of a set of tasks 𝑘 times under each of two harnesses Section 3.4
run (of a task) one of the 𝑘 rollouts of a task under one arm of a sweep; not to be confused with an

evaluation run, R1 to R4 (Section 4)
Section 3.4

pinned model the one model that every rollout uses, when the developer names it in Cortex’s
configuration

Section 3.4

base, cand the two arms of a sweep: the live harness, and the live harness with the change under test Section 3.4
exposed, fire a task is exposed to an item when the item reached the context in one of its rollouts (a rule

loaded, a skill at least listed); an item fires when it is used (a rule loaded, a skill opened)
Section 3.4

cycle one iteration of /evolve: find a theme, write one candidate, measure it Section 3.5
screen, confirm the cheap first sweep, on the theme’s failing tasks; the stricter second one, on every task Section 3.5
gate one condition a candidate must meet to be kept, computed by the scoring script score.sh

(Table 3); gates 2 and 3, which stop a candidate that makes a task worse, are the
regression gates

Section 3.5

recheck (RECHECK) a repeat sweep of the tasks that dropped, when a candidate failed only the regression
gates, before its KILL is final

Section 3.5

KEEP, KILL the candidate goes live; the candidate is buried Section 3.5
BARREN a cycle that found no theme strong enough and ran no rollouts Section 3.5
RERUN the sweep cannot decide, because its data cannot be trusted or none of the tasks the

candidate reached could show a gain; it is repeated and nothing is decided
Section 3.5

ACCEPT, REJECT,
UNMEASURED

/prune’s verdicts: delete the item; keep it, because removing it cost something; keep it,
because it never fired, so its removal tested nothing

Section 3.6

graveyard the folder of buried items, each with the reason it was buried Section 3.5
journal the file in which Cortex records every cycle and verdict Section 3.1

3.2 Harness items and what they cost
Cortex calls each skill or rule a harness item; the harness also holds constant files such as CLAUDE.md, which Cortex
never measures. When a file enters the context decides what it costs (Table 1): its price is its length multiplied by
how often it is present, so Cortex counts the characters present on every turn (CLAUDE.md, always-on skill descriptions
and path-less rules) and warns above a budget (3,000 characters by default). Its objective is informally pass rate − 𝜆 ⋅
always-on context, where 𝜆 is the pass rate a developer would give up to save one character read on every turn. Cortex
never computes this as one number. It enforces it by two rules on the items it measures, skills and rules: add one only
if it raises the pass rate (Section 3.5); remove or narrow one only if that does not lower it (Section 3.6). When /evolve
decides that a theme belongs in CLAUDE.md, a setting, a hook or a tool rather than in a skill or rule, it writes the change
and records it in the journal, but does not measure it: the gates apply only to skills and rules. The idea of context cost
as an objective is shared with Meta-Harness and SkillReducer [15, 27]. Whether an item is loaded or must be chosen
also shaped what survived in our evaluation (Figure 18).
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/harvest, at the end of a working session

No rollouts: it only records what happened, and never writes a skill (that is /evolve's job).

EVERY SESSION IF A FIX HAPPENED IF CORRECTED FINALLY

Two questions

A a fix: broken

became working

B a correction, even

just one

NEITHER  nothing to

harvest: the usual case

A task, as files

prompt.txt the request

check.sh exit 0 = solved

fix.patch the proof

task.yaml the broken commit

Verbatim request; the check

should test every correction

and pass any correct fix.

Three states

broken FAIL

broken + fix PASS

the fix without

its test edits
PASS

Otherwise quarantined:

one repair, and a second

failure deletes it.

A lesson

date | task |

what I did |

what to do

Written even when

it repeats: /evolve
counts repeats.

Read next by

/evolve

themes and

failing tasks

/prune

the same tasks,

for removals

Filter

is it worth keeping?

1

Capture the task

the one clearest move from

broken to working

2

Prove it discriminates

run by preflight in a

throwaway checkout

3

Write the lesson

a line per correction

4

Report

which live items

cover the fix

5

Figure 2: What /harvest does at the end of a working session. It asks two questions about the session (step 1). A: did something
go from broken to working? B: did the developer correct the agent, even once? In most sessions the answer to both is no, and
nothing is recorded. If the answer to A is yes, the command saves that change as a task that can be replayed later (step 2): the
developer’s request, word for word; the commit where the code was still broken; the fix that made it work; and a check, a short script
that says whether an attempt solved the problem. Before the task is kept, preflight tests the check itself in a throwaway copy of the
repository (step 3). The check must fail on the broken code, pass once the fix is applied, and still pass when the fix’s changes to test
code are left out, so that an agent is judged on the code it writes, not on reproducing the developer’s own test. A task that fails any
of the three is set aside and gets one repair; if it fails again, it is deleted (Section 3.3). If the answer to B is yes, the command writes
one line per correction to a log of lessons: the date, the task, what the agent did, and what it should have done (step 4). A lesson
is written even when the same one is already there, because /evolve counts the repeats to find the problems that recur. Finally, the
command reports which items of the current harness already cover the files the fix touched (step 5). /harvest only records: it never
runs the agent on a task and never writes a skill or rule, which is /evolve’s job. The tasks it saves are used next by /evolve, to
measure new candidates, and by /prune, to measure what removing an item costs.

Algorithm 1 One /harvest. It runs no rollouts and writes no skill or rule: it records a task, lessons, or nothing.
Require: the session that just ended; the repository, with the fix still in place

1: 𝐴 ← something went from broken to working during the session
2: 𝐵 ← the developer corrected the agent at least once
3: if neither 𝐴 nor 𝐵 then
4: report “nothing to harvest” and stop ▷ the usual case
5: if 𝐴 then
6: 𝑡 ← a task from the clearest move from broken to working: the broken commit, the fix, the request verbatim, and a check
7: preflight every task, 𝑡 included, in a throwaway checkout: fail broken, pass fixed, pass fixed minus its test edits ▷

Section 3.3
8: if 𝑡 is quarantined then
9: repair the check once and preflight 𝑡 again; delete 𝑡 if it is quarantined again

10: if 𝐵 then
11: append one lesson per correction, even one already logged ▷ /evolve counts repeats
12: report which live items cover the files the fix touched
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One /evolve cycle: one candidate, measured before it is kept

The model proposes and writes the candidate; every verdict comes from the scorer, never from the model.

PREPARE · NO ROLLOUTS MEASURE · BASE AGAINST CANDIDATE DECIDE

Before any rollout

1
Each task still fails broken and passes

fixed; too few left:
STOP

2
A theme recurs 3 times, or explains 2

or more failing tasks; none:
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One folder: a rule or a gated skill;

spread out: always-on. A CLAUDE.md
line or a hook is written, and

journaled:

NOT SWEPT

4
A new name, outside .claude/, able

to load on the theme's tasks.

Verdicts, from the scorer

Screen gained nothing KILL
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Figure 3: One /evolve cycle, which tests a single new skill or rule before it may join the harness. The model proposes and writes
the candidate, but never decides its fate: every verdict comes from a scoring script (Table 3). Steps 1 to 4 prepare the cycle and run
the agent on no task; the first three can end the cycle early (grey badges). Step 1 re-runs preflight to make sure the saved tasks
still tell broken code from fixed code; if too few are left, the cycle stops. Step 2 looks for one theme, a problem that recurs: a lesson
logged at least 3 times, or a cause behind 2 or more failing tasks. If none clears that bar, the cycle ends as BARREN and runs no
rollouts. Step 3 chooses where the candidate should load: if the fixes behind the theme sit in one folder, it becomes a rule or a skill
tied to that folder; if they are spread across the repository, it becomes a skill offered on every turn. A fact the agent breaks during
unrelated work becomes a line in CLAUDE.md, and a check that must always run becomes a hook, a command Claude Code runs by
itself at a fixed point of a session; such a change is written and recorded in the journal, Cortex’s running log of every cycle and
verdict (.evolve/journal.md), but not measured. Step 4 writes the candidate under a new name, outside the live harness. Steps 5
to 7 measure it: the agent attempts each task with the live harness (base) and with the harness plus the candidate (cand), each attempt
in its worker’s own clone of the repository, reset and verified before every attempt (Figure 5). The screen (step 5) is cheap, 2 runs per
task on the theme’s tasks only; a candidate that gained nothing, or that never fired (a rule never loaded, a skill never opened), is killed
here. The confirm (step 6) is stricter, 3 runs per task on every valid task, so that it also sees what the candidate might break. The
candidate is kept only if it wins overall, no task collapses, no task that never failed starts failing, and it fired at least once. Because
one unlucky run can look like a broken task, a candidate that failed only on such a drop gets a recheck (step 7, drawn dashed): the
tasks that dropped are run again, and the candidate is killed only if the drop repeats. A sweep whose data cannot be trusted, with
runs missing or invalid, or in which no task the candidate reached could show a gain, is repeated rather than decided (RERUN). Step
8 acts on the verdict: a KEEP moves the candidate into the live harness and records the confirm sweep’s scores as the new baseline,
with no new rollouts; a KILL buries it in the graveyard, the folder of rejected ideas (.evolve/graveyard/), with its reason, so the
same idea is not proposed again unchanged. Step 9 records the cycle in the journal; after 2 cycles in a row without a KEEP, cortex
cycle signals the loop to stop. Badge colours follow Figure 1: green, the item stays; red, it goes; grey, no decision.
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Algorithm 2 One /evolve cycle. The model writes the candidate; every verdict comes from score.sh. A sweep that
is not scorable, or in which the candidate reached tasks but none could show a gain, is repeated, never decided.
Require: live harness 𝐻; task store; logged corrections; graveyard

1: quarantine every task whose check no longer separates broken from fixed, or needs the fix’s own test code ▷ Section 3.3
2: if too few valid tasks remain, or the routing check finds an error (a name used by both a skill and a rule, or a symlink that leaves

the repository or dangles) then
3: stop ▷ no rollouts
4: 𝜃 ← a theme logged at least 3 times, or behind 2 or more failing tasks, that no live item covers (a buried idea may return only

revised, under a new name)
5: if there is no such 𝜃 then
6: record the cycle as BARREN and stop ▷ no rollouts
7: 𝑥 ← one skill or rule for 𝜃, in the tier its fixes point to ▷ Table 1
8: screen: sweep 𝐻 against 𝐻 + 𝑥 on the tasks behind 𝜃, 𝑘 = 2; repeat it while it is not scorable, or while 𝑥 reached some task but

none could show a gain ▷ RERUN
9: if 𝐺 = 0 or 𝑓 = 0 then

10: bury 𝑥 and stop ▷ no confirm is paid for
11: confirm: sweep 𝐻 against 𝐻 + 𝑥 on every valid task, 𝑘 = 3
12: 𝑣 ← the gates of Table 3
13: if 𝑣 = RECHECK then
14: sweep the regressed tasks again; 𝑣 ← KILL if one regresses again, else KEEP
15: if 𝑣 = KEEP then
16: make 𝑥 live
17: else if 𝑣 = KILL then
18: bury 𝑥 with the gates it failed

3.3 Tasks from the developer’s own sessions
A task is a replayable episode: a broken commit (base_sha), the developer’s original request, a check.sh that exits
zero when the task is solved, and the fix.patch that proves it can be. /harvest writes one at the end of a session, and
only when something went from broken to working. The request is the developer’s original words, not a cleaned-up
version with hints known only afterwards. /harvest is instructed to write a check that tests not only that the bug is
fixed but also each correction the developer made during the session (for example, that the linter is clean), so that an
item which prevents the corrected mistake can turn a fail into a pass, and show an effect; preflight confirms that the
check separates broken from fixed, not that it covers every correction. Most sessions produce no task, by design.

As in the benchmarks of Section 2, a task is only a ruler if its check separates the broken state from the fixed one.
preflight runs the check in three states before every cycle and every prune pass: the broken state must fail; the broken
state plus the fix must pass; and, when the fix edits test code, the fix without those edits must still pass (test data it adds,
such as a fixture, stays). Write 𝜎𝑡 for the broken commit, 𝛿𝑡 for the fix, 𝛿test𝑡 for the fix’s edits to test code, 𝜎 ⊕ 𝛿 for
the commit 𝜎 with the edits 𝛿 applied, and 𝑐𝑡(⋅) for the result of the check: pass when it exits zero, fail when it exits
with any other code, and hang when it does not finish within its time limit. A task is valid when

valid(𝑡) ⟺ 𝑐𝑡(𝜎𝑡) = fail ∧ 𝑐𝑡(𝜎𝑡 ⊕ 𝛿𝑡) = pass ∧ 𝑐𝑡(𝜎𝑡 ⊕ (𝛿𝑡 −𝛿test𝑡 )) = pass, (1)

so a check that hangs fails preflight in any state. When the fix edits no test code, 𝛿test𝑡 is empty and the third condition
repeats the second. The third state exists because a developer often writes a test while fixing a bug. If the check
depended on that test, an agent replaying the task would have to write the same test again, which a replaying agent has
no reason to do, and the task would fail in both arms forever. A task that fails any state is quarantined: it is set aside
and left out of every sweep. One whose environment is down, as reported by an optional script that checks its services,
is skipped instead, since an outage is not a bad task.

3.4 Measurement: against the live harness, with exposure
Every decision rests on a sweep: the agent runs each task 𝑘 times under two harnesses. base is the harness as it is now,
re-measured in every sweep; cand is the same harness plus the one change under test (or minus it, for a removal). Both
arms load every existing item, so what is measured is the change’s marginal value: a near-duplicate of an item the
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One /prune pass: an item is deleted only when removing it costs nothing measurable

Monthly, and after every model change. Nothing runs until the developer approves the plan.

PLAN · NO ROLLOUTS EACH ITEM, IN TURN THEN

Before anything runs

1 Tasks valid, routing sound, rollouts not pinned

to a different model; if not, STOP

2 After a model change, every skill and rule,

largest always-on first; otherwise the few

most in doubt. Each only on tasks where it

can load.

3 Rollouts, time and cost are shown; the

answer is YES DROP SOME NO

Usage picks what to test, never a deletion.

Verdicts, from the scorer

ACCEPT fired, and nothing measurable

lost: buried

REJECT loses at least 2 runs net, drops

a task by over 0.34, or fails a

task that never failed: kept

UNMEASURED never fired in a base run: kept

RERUN not scorable: swept again
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Then
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measured on its own.
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Figure 4: One /prune pass, which tests the items already in the harness and deletes one only when removing it costs nothing
measurable. It is meant to run monthly and after every change of model, since a stronger model may already do what an item
teaches. Steps 1 to 3 plan the pass and run the agent on no task. Step 1 checks that the tasks are still valid, that the routing is sound
(no name is both a skill and a rule, no symlink leaves the repository or dangles), and that the rollouts are not pinned to a model
other than the one in use; if any check fails, the pass stops. Step 2 chooses which items to test: after a model change, every skill
and rule, the largest always-on items first; otherwise, the few most in doubt. Each item is tested only on the tasks where it can load;
an always-on skill, only on the tasks where earlier sweeps saw it fire, and not at all if they never did. How often an item is used
helps choose what to test, but never decides a deletion. Step 3 shows the developer the plan with its expected rollouts, time and
cost, and nothing runs until the developer approves it, possibly dropping some items. Steps 4 to 6 then take one item at a time: the
agent attempts each of its tasks 3 times with the live harness (base) and without the item (cand), and the scoring script gives the
verdict. ACCEPT: the item fired in at least one base run, and removing it lost nothing measurable, so it is deleted and buried in the
graveyard. REJECT: removing it lost too many runs, made a task collapse, or made a task that never failed start failing, so it stays.
UNMEASURED: the item never fired in any base run, so the test says nothing about it, and it stays; an item for a rare situation looks
exactly like dead weight until that situation comes. RERUN: the data cannot be trusted, and the sweep is repeated. A deleted item
is removed before the next one is measured, so every test starts from the harness as it really is. Step 7 can also move advice to a
better place: an always-on skill used in only one folder can become a rule or a skill tied to that folder, and overlapping items can
be merged; each such change is approved and measured on its own. Step 8 records every verdict in the journal and closes the plan,
noting the model it ran on (Section 3.6).

developer already has correctly shows no gain. The two arms’ rollouts are interleaved (for each task and each run, base
and then cand), so a slowdown, or a new model deployment in the middle of a sweep, lands on both arms alike. The
harness and task definitions are snapshotted at the start. Rollouts run in parallel, one per worker, and each worker has
its own clone of the repository (Figure 5), reset before every rollout to the task’s broken commit with that arm’s harness;
every reset is verified by running the check, which must fail. The clone never has Cortex’s own folder (.evolve/) on
disk: that folder holds the task store, where Cortex keeps its saved tasks with every earlier task’s fix, and the lessons
and graveyard, which would give the answer away, so the clone is made without it (a sparse checkout, which leaves
chosen folders out) and every reset deletes it again. It is still reachable through the clone’s git history, which is not
pruned; Section 7 discusses that route.

Finally, the model that plays the agent can be fixed: by default each rollout uses whatever model Claude Code is set
to, but the developer can name one model in Cortex’s configuration (pin it), so that every rollout of every sweep uses
the same one.
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Algorithm 3 One /prune pass. Nothing runs until the developer approves the plan, and every verdict comes from
score.sh. Here base is the live harness and cand the harness without the item, so a negative 𝑁 means the item was
earning its place.
Require: live harness 𝐻; task store; each item’s use in recent sessions; the model of the last pass

1: quarantine every task whose check no longer separates broken from fixed, or needs the fix’s own test code ▷ Section 3.3
2: if too few valid tasks remain, the routing check finds an error (a name used by both a skill and a rule, or a symlink that leaves

the repository or dangles), or the rollouts are pinned to a model other than the one in use then
3: stop ▷ no rollouts
4: if the pinned model changed since the last pass then
5: 𝑋 ← every skill and rule, the largest always-on first
6: else
7: 𝑋 ← the few items most in doubt ▷ use chooses, never deletes
8: drop from 𝑋 every item no task can load, and every always-on skill that never fired in an earlier sweep ▷ no sweep could delete

it
9: show the plan, with its rollouts, time and cost; stop unless the developer approves it

10: for each 𝑥 ∈ 𝑋, in order do
11: sweep 𝐻 against 𝐻 − 𝑥 on the tasks where 𝑥 can load (an always-on skill: where it fired before), 𝑘 = 3
12: if the sweep is not scorable then
13: sweep again ▷ RERUN: nothing is decided
14: else if 𝑘𝑁 ≤ −𝑚, or 𝐷 > 𝜏, or a task in 𝑃 loses a run then
15: keep 𝑥 ▷ REJECT: removing it costs something
16: else if 𝑓 = 0 then
17: keep 𝑥 ▷ UNMEASURED: it never fired
18: else
19: bury 𝑥; 𝐻 ← 𝐻 − 𝑥 ▷ ACCEPT, before the next item
20: narrow always-on items, or merge overlapping ones, each swap approved and swept on its own
21: journal every verdict; close the plan and record the model

Exposure. An item can change a result only in a rollout where it entered the agent’s context. Cortex reads each
rollout’s event stream, the record of every message and tool call that Claude Code emits while the agent works. From
it, Cortex records for each skill whether it was visible (listed to the agent) and whether it was invoked (opened with a
Skill tool call). A rule leaves no trace of its own, so Cortex records that it fired when the agent read a file its paths
match, or the prompt @-mentioned one. When the stream cannot be read the value is unknown, never “did not fire”.
A task is exposed to an item if the item reached the context in any of its rollouts: a rule that loaded, or a skill that
was at least listed, since its description then sits in the context. An always-on skill is listed on every turn, so every
task is exposed to it. On a task that was not exposed, the agent in both arms read the same text, and Cortex treats any
difference between the arms as chance. Whether the item fired, a rule loaded or a skill opened, is a stricter question,
which gate 5 asks (Section 3.5). This one principle drives four decisions: the gates read only exposed tasks; a candidate
that never fired is never kept; a removal whose item never fired is never accepted; and unknown exposure in any valid
rollout blocks the verdict, so that a tooling failure cannot look like dead weight. Crediting only what fired is shared with
SkillMAS [39], and it guards against inert edits such as the never-triggered hook that DemoEvolve’s audit found in a
harness chosen by self-rollout search [9]. It has been applied to deletion as well: SLIM retires a skill on a comparison
with and without it over the validation tasks on which it was loaded, and only once it has been loaded often enough [47],
while Bayesian-Agent and Ratchet retire a skill only on enough evidence from the runs that used it, scoring the skill’s
own outcomes rather than the difference its removal makes [56, 70]. Cortex applies the same rule to adding and to
deleting, and lets unknown exposure block either verdict.

Scores. Inside a sweep, each of the 𝑘 rollouts of a task under one arm is called a run of that task; this short sense of
“run” is unrelated to the evaluation runs R1 to R4 of Section 4. Let 𝑘 be the runs per task and arm, and 𝑝𝑏(𝑡) and 𝑝𝑐(𝑡)
the fraction of the valid rollouts of task 𝑡 that passed under base and cand. A task is measured when both arms have 𝑘
valid rollouts on it, and exposed when the item under test was in context in at least one of them: the candidate in a cand
rollout or, for a removal, the removed item in a base rollout. Write 𝑛𝑏(𝑡) and 𝑛𝑐(𝑡) for the numbers of valid rollouts of
task 𝑡 under each arm; Ω⋆𝑡 for its valid rollouts in the arm where the item 𝑥 under test exists (cand for a candidate, base
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One rollout, in its own sandbox

base and candidate take the same steps, alternating; only the installed harness differs

ONCE EVERY ROLLOUT

Why so strict

A task that passes before the

agent starts measures nothing, and

a stale cache can fake a pass.

Invalid: not scored

the reset failed, or the task already passes

a service is down, or the agent exits in error

the check hung, or a timeout under CPU overload

one invalid rollout: the sweep is run again

Scored

PASS the check exits 0

FAIL
it does not, or the agent

ran out of time

Snapshot

harness and tasks,

frozen per sweep

1

Own clone
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cannot push to the
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2
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commit, with this
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3

Verify
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fail first

4
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task's prompt;
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5
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items that loaded;

Cortex's copy of

the stream deleted

6

Check

the task's own test,
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Figure 5: What happens in one rollout, a single attempt by the agent at a task. The base and cand arms take exactly the same
steps, in alternation, and differ only in the harness that is installed. Once per sweep, Cortex freezes a copy of the harness and of
the tasks (step 1), so that an edit made while the sweep runs cannot reach it, and gives each worker its own clone of the repository,
which cannot push to the real one (step 2). Then, before every rollout, the clone is reset to the task’s broken commit and that arm’s
harness is installed (step 3), and the task’s check is run once to confirm that it still fails (step 4): a task that already passes before the
agent starts would measure nothing. The agent then works alone, with no human, on the task’s request, within a limit of 10 minutes
(step 5). Cortex records which skills and rules entered the agent’s context during the attempt (step 6). Finally, the task’s own check
decides the result, after the cached build files are deleted, since a stale cache could make old code look as if it passes (step 7). Each
attempt ends in one of two ways. It is scored: a pass if the check succeeds, a fail if it does not or the agent ran out of time. Or
it is invalid, because it could not run fairly: the reset failed, the task already passed, a service the task needs was down, the agent
exited with an error (for example a login failure or a rate limit), the check hung, or the agent ran out of time while the machine was
oversubscribed. Invalid is not the same as fail, and a sweep with even one invalid rollout is run again rather than scored.

for an item being removed); and, for a rollout 𝜔, ctx(𝜔) for the items that were in the agent’s context and fired(𝜔) for
those that fired, both read from its event stream. The measured tasks ℳ, the exposed tasks 𝒳, the set 𝑆 of tasks that
are both, and the count 𝑓 of rollouts in which the item fired, which gate 5 reads (Section 3.5), are

ℳ = {𝑡 ∶ min(𝑛𝑏(𝑡), 𝑛𝑐(𝑡)) ≥ 𝑘}, 𝒳 = {𝑡 ∶ ∃ 𝜔 ∈ Ω⋆𝑡 , 𝑥 ∈ ctx(𝜔)},
𝑆 = ℳ ∩ 𝒳, 𝑓 = ∑

𝑡
∑

𝜔∈Ω⋆𝑡

𝟙[𝑥 ∈ fired(𝜔)], (2)

where 𝟙[⋅] is one when its condition holds and zero otherwise, and 𝑡 in the sum runs over every task of the sweep. On
𝑆, the per-task change and the three scores are

Δ𝑡 = 𝑝𝑐(𝑡) − 𝑝𝑏(𝑡), 𝐺 = ∑
𝑡∈𝑆

max(Δ𝑡 , 0), 𝑁 = ∑
𝑡∈𝑆

Δ𝑡 , 𝐷 = max
𝑡∈𝑆

max(−Δ𝑡 , 0), (3)

the gain, the net change and the worst drop. Each answers a different question about the change.
• Δ𝑡 , the per-task change, is how much more often task 𝑡 passed with the change than without it. It is +1 when the

candidate passed every run and the base none, −1 in the opposite case, and 0 when both arms did equally well;
in between it moves in steps of 1/𝑘, one run at a time. The other scores are built from it.

• 𝐺, the gain, adds the tasks that improved and ignores those that got worse: it is everything the change won,
whatever it lost. A candidate with 𝐺 = 0 helped on no task, so there is nothing to set against its cost, and the
screen stops it before the confirm is paid for (or is rerun, if it reached tasks but none could show a gain).

• 𝑁 , the net change, adds every Δ𝑡 , so a loss on one task cancels a win on another: it says whether the change is
still ahead once what it broke is counted. Every Δ𝑡 is a multiple of 1/𝑘, so 𝑘𝑁 is a whole number, the runs won
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net of those lost. The gates ask for 𝑘𝑁 ≥ 𝑚 = 2, because with 𝑘 = 3 runs per arm a net of one run can come
from luck alone.

• 𝐺 − 𝑁 , the regression, is what the change cost: taking the net away from the gain leaves only the losses.

• 𝐷, the worst drop, is the largest loss on any single task, and zero when 𝑆 is empty. A net that is comfortably
positive can hide one task the change broke; 𝐷 exposes it.

For a removal, cand is the harness without the item, so the same scores read the other way: a negative 𝑁 says the item
was earning its place (Section 3.6).

Δ𝑡 , 𝑁 and 𝐺 − 𝑁 are DarwinX’s per-task change, net gain and bounded regression [72]. The gates below use them
differently in two ways. They keep DarwinX’s requirement that a change improve some task, and raise its requirement
of a positive net to a net of at least 𝑚 runs, since luck alone can win a single run. And they bound the single worst
drop rather than the summed regression, because the sum cannot tell a broken task from scattered noise. Take 𝑘 = 3.
One task whose pass rate drops from 2/𝑘 to 0, and two tasks whose pass rates each drop from 2/𝑘 to 1/𝑘, both give
𝐺−𝑁 = 2/𝑘, but only the first is a task the change broke. The first fails gate 2 (𝐷 = 2/𝑘); the second passes it (𝐷 = 1/𝑘),
and its two lost runs still count against 𝑘𝑁 . In vector form, with Δ+𝑡 = max(Δ𝑡 , 0) the gains and Δ−𝑡 = max(−Δ𝑡 , 0)
the losses over 𝑡 ∈ 𝑆, the gain and the regression are ℓ1 norms and the worst drop is an ℓ∞ norm:

𝐺 = ∥Δ+∥1, 𝐺 − 𝑁 = ∥Δ−∥1, 𝐷 = ∥Δ−∥∞, 𝐷 ≤ 𝐺 − 𝑁 ≤ ∣{𝑡 ∈ 𝑆 ∶ Δ𝑡 < 0}∣ ⋅ 𝐷. (4)

The same regression can therefore come from one task that lost 𝐺 − 𝑁 , where it equals 𝐷, or be spread over several
tasks that each lost at most 𝐷; 𝐷 is what tells the two apart.

Two more quantities complete the gates. The protected set 𝑃 = {𝑡 ∈ 𝑆 ∶ 𝑝𝑏(𝑡) = 1} holds the tasks the live harness
never failed: the ones the developer already relies on, where a regression costs most. Gate 3 therefore gives them no
tolerance: the candidate must pass every one of their runs too. Finally, 𝑓 (Equation (2)) counts the valid rollouts in
which the item fired: a skill was invoked, or a rule’s paths matched a file the agent read or the prompt @-mentioned.
It is counted where the item exists, among the cand rollouts for a candidate and the base rollouts for an item being
removed. The scores measure a difference between the arms, and 𝑓 ties that difference to the item: a candidate that
never fired cannot have caused its gain, and an item that never fired was not tested by its removal.

3.5 Adding an item: proposal and gates
Evidence before proposals. /evolve improves the harness one cycle at a time (Algorithm 2): a cycle looks for one
recurring problem, writes one item meant to fix it, and tests that item before the next cycle starts. It looks for the
problem in four places: the corrections the developer made to the agent, which /harvest logs as one line each; the
tasks the live harness currently fails; the developer’s recent transcripts; and the graveyard, the items already tested and
rejected, so that a rejected idea is not proposed again unchanged. A problem that recurs is a theme, and a cycle acts on
one only when the evidence is strong enough: the theme recurs at least 3 times, or it explains 2 or more failing tasks.
A single correction may be a one-off, and testing an item costs rollouts, so when no theme clears this bar the cycle is
BARREN: it proposes nothing and runs no rollouts. This is an expected outcome, not a failure. When 2 cycles in a
row end without a KEEP, whether barren or killed, cortex cycle signals that the loop should stop (the tasks may no
longer tell a good harness from a bad one, the harness may already be good, or nothing new is being harvested), and
/evolve stops and tells the developer. The developer may still start another cycle; nothing enforces the stop.

When a theme clears the bar, the cycle proposes one candidate, and the evidence also chooses its tier (Section 3.2)
from where the fixes of the failing tasks landed. If they cluster in one directory, the candidate loads only there: a path-
scoped rule when the fixes edit files that already exist, since a rule is injected whenever the agent reads a matching file;
or a path-gated skill when the fixes only create new files, since a skill is also offered when a matching file is written.
Its paths use the narrowest glob that covers every fix, because an item costs context each time it loads. If the fixes are
spread across the repository, no directory fits, and the candidate is an always-on skill tied to a moment rather than a
place, such as “before reporting done”.

Two stages. A cheap screen runs the candidate at 𝑘 = 2 on the theme’s currently failing tasks and stops if it gained
nothing or never fired, or is rerun if it reached tasks but none could show a gain (below). It cannot show what a change
breaks, because it never runs the tasks that pass; only candidates that survive it pay for the confirm, at 𝑘 = 3 over every
valid task. A cheap screen followed by a stricter confirmation is adapted from DarwinX [72]. How many rollouts each
stage took across the evaluation is shown in Figure 15.
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The gates. The confirm verdict is computed by a script, not by a model (Table 3); Figure 6 shows one confirm sweep,
scored again from its rollouts. A change must win something and lose nothing that matters: DarwinX’s contract of
extending without breaking what is preserved [72]. The net threshold in runs mirrors SkillGen’s [34], and the no-
regression gates HarnessX’s refusal to regress any solved task and Self-Harness’s non-regressive acceptance [10, 65].
Gates 2 and 3, the regression gates, set two standards for a drop: a task already unstable may lose one run of its 3
(𝜏 = 0.34), but a task in 𝑃 may lose none. Because at 𝑘 = 3 one unlucky run on a reliable task looks exactly like a
broken task, a KILL that rests only on gates 2 and 3 is not final: the tasks behind it are swept again (RECHECK), and
the KILL stands only if one of them regresses again on the fresh runs; otherwise the candidate is kept. Figure 7 shows
a candidate killed this way, although it won more runs than it lost.

A sweep is not scored at all (RERUN) when any of these holds: it is incomplete; more than 10% of its rollouts are
invalid; some task lacks 𝑘 valid runs in either arm, which a single invalid rollout already causes, since a sweep plans
exactly 𝑘; exposure is unknown in a valid rollout; the Claude Code version changed mid-sweep; or more than 10% of
its rollouts ran on an overloaded machine, with more than 3 times as many runnable processes as CPUs. Written out,
with Ω the sweep’s rollouts, Ωinv the invalid ones, 𝒯 the tasks it planned, 𝑛unk the number of valid rollouts whose
exposure is unknown, cli(𝜔) the Claude Code version that ran rollout 𝜔, 𝐿(𝜔) the mean number of runnable processes
sampled during it, 𝑛cpu the number of CPUs of the machine and 𝜀 = 10%, a sweep is scored only when

scorable ⟺ complete ∧ |Ωinv|
|Ω| ≤ 𝜀 ∧ ℳ = 𝒯 ≠ ∅ ∧ 𝑛unk = 0

∧ ∣{cli(𝜔)}𝜔∈Ω −Ωinv
∣ ≤ 1 ∧

∣{𝜔 ∈ Ω ∶ 𝐿(𝜔) > 3 𝑛cpu}∣
|Ω| ≤ 𝜀,

(5)

where complete means that the sweep finished, was not cut short by its cap on rollouts, and recorded every rollout it
planned; the last condition applies when rollouts run in parallel. A sweep of an addition in which the candidate reached
at least one task is also a RERUN, not a KILL, when none of those tasks could show a gain, because each one either
passed every base run, leaving no room to improve, or never passed in either arm, so that nothing there tells a useful
candidate from a useless one (the scorer suggests repairing those tasks’ checks, or screening tasks the candidate can
win). Such a sweep did not test the candidate, and burying it would record a verdict nobody earned. A candidate that
reached no task at all is killed instead: it gained nothing and never fired (gates 1, 4 and 5). An agent that timed out is
a valid failure, unless the machine was oversubscribed at the time (more runnable processes than CPUs, so that every
rollout ran slower than it would alone); an agent that could not run (authentication, rate limits, a failed reset) is invalid,
and invalid is not fail.

Gates, recheck and RERUN together decide a confirm sweep of an addition. Let ℐ be the exposed tasks that could
show a gain: those the base did not pass in every run, and that passed at least once in either arm. Let ℱ be the gates of
Table 3, 1 to 5, that the sweep fails, and 𝜌(𝑢, 𝑣) the test that gates 2 and 3 apply to a task whose pass rate went from 𝑢
under base to 𝑣 under cand. Let 𝒬 be the tasks behind a failure of gate 2 or gate 3, and 𝑝′

𝑏, 𝑝′𝑐 and 𝒳′ the pass rates and
the exposed tasks of the recheck, which sweeps both arms again on the tasks of 𝒬 alone; a recheck that is not scorable
is itself a RERUN. Reading the cases from the top,

𝑉add =

⎧{{{
⎨{{{⎩

RERUN if ¬ scorable ∨ (𝑆 ≠ ∅ ∧ ℐ = ∅),
KEEP if ℱ = ∅,
RECHECK if ∅ ≠ ℱ ⊆ {2, 3},
KILL otherwise,

ℐ = {𝑡 ∈ 𝑆 ∶ 𝑝𝑏(𝑡) < 1 ∧ max(𝑝𝑏(𝑡), 𝑝𝑐(𝑡)) > 0},
ℱ = {𝑔 ∈ {1, … , 5} ∶ gate 𝑔 fails},

𝜌(𝑢, 𝑣) = (𝑢 − 𝑣 > 𝜏) ∨ (𝑢 = 1 ∧ 𝑣 < 1),

𝑉recheck =
⎧{
⎨{⎩
KILL if ∃ 𝑡 ∈ 𝒬 ∩ 𝒳′ ∶ 𝜌(𝑝′

𝑏(𝑡), 𝑝′𝑐(𝑡)),
KEEP otherwise,

𝒬 = {𝑡 ∈ 𝑆 ∶ 𝜌(𝑝𝑏(𝑡), 𝑝𝑐(𝑡))}.

(6)
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Table 3: The acceptance gates, applied by score.sh to the confirm sweep, in the notation of Equations (2) and (3), with 𝜏 = 0.34
and 𝑚 = 2 runs. Gates 1–4 read exposed tasks only. A candidate is kept only if every gate passes, or if it failed only gates 2 or 3 and
the drop did not recur on a recheck.

Gate Condition Why

0 scorable and, if a task is exposed, one could gain (otherwise RERUN) bad data, or no room to gain, is not evidence
1 𝐺 > 0 it must win something
2 𝐷 ≤ 𝜏 no task may collapse
3 𝑝𝑐(𝑡) = 1 for every 𝑡 ∈ 𝑃 a task that never failed gets no tolerance
4 𝑘𝑁 ≥ 𝑚 a one-run win is a coin flip
5 𝑓 ≥ 1 a candidate that never fired caused nothing

One confirm sweep, scored again

R3 · exporter-checklist-v2,

a rule on shop/plugins/*_export.py

TASK BASE CAND.

07

08

09

18

22

26

01

02

03

04

05

06

10

11

12

13

14

15

16

17

19

20

21

23

24

25

Loaded in 6 of 26

Only these rows are scored.

Exposed tasks only

BASE

1 / 18

CANDIDATE

16 / 18

runs passed, k = 3 per task

gain +5.0 · regression 0

worst drop 0 · net +5.0 (15 runs)

KEEP every gate passed

passed

failed

item not in context: not counted

Figure 6: One confirm sweep, scored again from its rollouts:
evaluation run R3 (Section 4), the rule exporter-checklist-
v2, 3 runs per task and arm. The rule entered the agent’s context
on 6 of the sweep’s 26 tasks, and only those rows are scored; on
the others it was installed but never loaded, so the two arms
differ there only by noise. On those tasks, the candidate passed
nearly every run and the base nearly none; every gate in Table 3
passes, and the rule is kept. The summary line gives 𝐺 (gain),
𝐺−𝑁 (regression), 𝐷 (worst drop) and the net 𝑁 , in tasks’ worth
of pass rate, followed in brackets by 𝑘𝑁 , the same net counted
in runs, which is what gate 4 reads.

A confirm sweep the gates killed

R3 · shop-clock-access,

a rule on shop/**

TASK BASE CAND.

01

02

03

04

05

06

07

08

09

10

11

12

13

14

15

RECHECK, THE SAME TASK

13

Loaded in 15 of 15 tasks

It won runs

BASE

25 / 45

CANDIDATE

33 / 45

runs passed, k = 3 per task

gain +3.0 · regression 0.33

worst drop 0.33 · net +2.67 (8 runs)

but task 13, which never failed,

lost a run (gate 3): RECHECK

Rechecked: lost again

KILL the drop repeated

Its replacement names 3 files.

passed

failed

loaded: the row is scored

never failed in base

Figure 7: A confirm sweep the gates killed, in the same run:
the clock rule shop-clock-access, on shop/**, which loaded
on every task. It won more runs than it lost, but a task that the
live harness passed in every run lost one (gate 3). At 3 runs one
lost run can be luck, so that task was swept again (RECHECK);
it lost a run again, and the rule was killed. The rule that replaced
it names 3 files (Section 5.2).
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Adding and removing an item use the same evidence, pointed both ways.

Add one item

base = the live harness

candidate = live + the item

CONFIRM GATES, IN THE ORDER THEY DECIDE

the data is scorable RERUN

it reached no task, or one that could

show a gain
RERUN

it gained something KILL

it wins at least 2 runs, net KILL

the candidate fired KILL

no task drops more than 0.34 RECHECK

a task that never failed still passes RECHECK

every gate passes KEEP: MADE LIVE

/evolve

Exposure

Was the item in the

agent's context?

If not, there is no

evidence either way.

Remove one item

base = the live harness

candidate = live − the item

VERDICT, ON TASKS WHERE IT CAN LOAD

the data is scorable RERUN

it loses fewer than 2 runs, net REJECT

no task drops more than 0.34 REJECT

a task that never failed still passes REJECT

the item fired in a base run UNMEASURED

usage chooses what to test; it never decides

a model change re-tests what a task can exercise

fired, nothing measurable lost ACCEPT: DELETE

/prune

Figure 8: Adding and removing are one test, pointed both ways. /evolve compares the live harness with the harness plus a candidate;
/prune compares it with the harness minus a live item. Both count only the tasks on which the item was in the agent’s context: a
candidate that never fired is never kept, and a live item that never fired is never deleted.

3.6 Removing and moving items
Deletion needs the same evidence as addition, pointed the other way (Figure 8). /prune removes one live item and
runs a sweep with the item as base and without it as cand, on the tasks where the item can load. In the notation of
Equations (2), (3) and (5), the verdict is

𝑉remove =

⎧{{{
⎨{{{⎩

RERUN if ¬ scorable,
REJECT if 𝑘𝑁 ≤ −𝑚 ∨ 𝐷 > 𝜏 ∨ ∃ 𝑡 ∈ 𝑃 ∶ 𝑝𝑐(𝑡) < 1,
UNMEASURED if 𝑓 = 0,
ACCEPT otherwise.

(7)

REJECT keeps the item, because removing it cost runs, made a task collapse, or made a task in 𝑃 lose a run. UN-
MEASURED keeps it too: here 𝑓 counts the valid base rollouts, and 𝑓 = 0 means the item fired in none of them. Only
ACCEPT deletes it, to the graveyard. The cases are read from the top, so an item whose removal cost something gets
REJECT even when it never fired (Section 5.5). UNMEASURED is the point: if nothing in the suite used an item,
removing it changed nothing because nothing needed it, which is absence of evidence, not evidence of uselessness: a
skill for a twice-a-year situation looks exactly like dead weight in between. This is the direct counterpoint to deletion
rules that retire items whose measured effect is small [54]. For the same reason, usage data chooses which items to test
and never decides a deletion.

A pass starts as a plan: the items to test, the tasks to test each one on, and the rollouts, time and cost this will take,
estimated from the past rollouts in the same repository. Nothing runs until the developer approves it. Which items go
into the plan depends on whether the model has changed. If the pinned model differs from the one the last pass ran
on, every item is re-tested, because a stronger model may already do what an item teaches; always-on items come first,
the largest first. Otherwise the pass tests only the few items most in doubt. Either way, an item is left out when no
task can load it, since its removal could only come out UNMEASURED, or when it is an always-on skill the agent
never opened in earlier sweeps, since no sweep could accept its removal: it could only keep the item, as REJECT or
UNMEASURED. A pass can also move an item to a cheaper tier: an always-on skill whose use is concentrated in one
folder can be rewritten as a skill or a rule tied to that folder. The swap is swept like a removal, the harness with the new
item in place of the old against the live one, and decided by Equation (7). For a swap, a task is exposed when the old
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item was in context in a base rollout or the new one in a cand rollout, and 𝑓 counts the base rollouts in which the old
item fired. The swap goes ahead only if it loses nothing measurable on those tasks and the old item fired, and the new
item is made live only if it fired too.

3.7 The optional judge, Jev
Cortex can consult an outside model, Jev (TypeSafe’s System One), to help it choose what to try. Jev is sent some text
and a typed question, and it returns a probability for a yes-or-no question, one option from a list with its confidence,
or a score on a fixed scale. It writes no text and takes no action. It is off by default, and it was off in every run of this
paper, so every theme, tier, candidate and prune order reported in Section 5 was chosen without it.

When it is on, Jev acts only in the proposal layer, the steps that decide which theme, candidate or order to try next:
it can sort the logged lessons into themes, suggest a candidate’s tier, order a prune plan and tell the developer when a
session is worth harvesting. One command, cortex scope, puts two questions to it about a candidate before a sweep
is paid for. The first gives the candidate’s relevance: for each task the candidate would load on, Jev is asked whether
the task is actually about the candidate’s subject, from the task’s title, request and one-line note, never the code or the
fix, and the share of yes answers is the relevance. When it is below 35%, Cortex prints a warning, but it never blocks
a sweep. Without Jev, Cortex reports only breadth, the share of all tasks the candidate would load on. The second, for
a path-gated skill, is whether an agent doing the task, seeing only the skill’s description, would choose to open it. The
tasks a candidate would load on are predicted from its paths; once the candidate has been swept, they are the tasks
where its sweeps recorded it in context.

What the judge may not do. Jev may change which theme, candidate or order Cortex tries; it may never decide what
a measurement found. The line is mechanical rather than a promise. The scorer, the sweep runner and preflight
contain no reference to Jev, and a test in the shipped suite asserts that they do not. No Jev call runs inside a rollout
sandbox, where it would become part of the harness under test. A wrong suggestion can waste rollouts, but it cannot
turn a KILL into a KEEP, because the gates of Table 3 judge every candidate either way.

How the judge was used in this evaluation. Only the two cortex scope questions were exercised: after the runs,
they were put to each run’s candidates, at no cost in rollouts (Section 5.7). Each candidate was rebuilt, from the
graveyard or the live harness, in a scratch copy of its run’s repository that kept the run’s sweep records. Because every
candidate had such a record, cortex scope took the tasks it would load on from the tasks where its own sweeps had
recorded it in context; on those tasks, from the candidate’s text and each task’s title, request and note, never from its
verdict, it estimated the candidate’s relevance and, for a path-gated skill, how often the agent would open it.

3.8 Implementation
Cortex’s scripts are 6,906 lines of shell and Python in 9 files (of which 1,243 lines are the optional judge client), plus
1,341 lines of prompts that define /harvest, /evolve and /prune as Claude Code commands. The prompts do what
needs judgement (writing a task, proposing a candidate, choosing a tier), and every quantity a verdict depends on is
computed by the scripts. The scripts refuse to make a candidate live without a KEEP from a confirm sweep or its
recheck (or an ACCEPT for a swap); burying a candidate is done by the /evolve agent, the model session that runs
the command. Sweeps run in parallel, one sandbox clone per worker, as many workers as the machine’s free memory
and CPUs allow. Rollouts are headless Claude Code sessions, started by a script with no one at the keyboard, with a
10-minute limit. Cortex deletes the event stream it reads from each once exposure is known, because it holds everything
the agent saw; Claude Code keeps its own record of every session, outside the repository.

4 Evaluation setup
The evaluation measures Cortex in a synthetic repository whose house rules a model often breaks. This section de-
scribes the repository (Figure 9), what one run does (Figure 10), how a run’s result is measured (Figure 11), two tests
with known answers, two tests of how far the results carry (Figure 12), and the statistics.
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The lab. shopkit is a small Python toolkit for orders and invoices (a catalogue, carts, invoices, refunds, exports,
reports and a command line) with no dependencies and its own unit tests. Like many real codebases, it has house
rules: conventions this one project has chosen, which code can break while still working. They are written in its
CONTRIBUTING.md, and its continuous-integration check, which runs the unit tests and a linter, enforces part of them.
Take the rule on time: code in shop/ must read the current time only through shop.clock, never with datetime.now()
or date.today(), so that tests can freeze the clock. Asked to give invoices a due date counted from today, an agent that
computes it from date.today() produces code that works, yet the linter rejects it, and the reviewer replies: “Works,
but CI is still red: make lint rejects datetime.now() / date.today() in shop/. We only read the time through shop.clock
…” (CI here is continuous integration). A model cannot learn such a rule from its training, only from the project. It is
exactly what a harness exists to teach, and a model that keeps breaking it keeps being corrected, which is the evidence
Cortex learns from. Four house rules each have a family of tasks built around them (Figure 9), named by a letter: A,
the changelog (every change users can see gets a line in CHANGELOG.md); B, money (amounts are integer cents, scaled
only with the project’s rate helpers); C, exporters (a new exporter needs a registry entry, a row in the documentation
and a golden file, a stored sample of its expected output); and E, time (the clock rule above). A fifth family, D, holds
plain bugs with no house rule, so the loop has nothing to learn there: it is the control, and it can only show harm.

Training and held-out scenarios. A scenario is one piece of work: a teammate’s commit that adds a failing test, and
a request saying what is wanted; the due date above is one. The scenarios are split in two, the way a course keeps its
exam apart from its exercises. The 26 training scenarios are the exercises: the runs play them as working sessions, the
reviewer corrects the agent’s mistakes on them, and Cortex learns from those corrections. The 30 held-out scenarios
are the exam: no session ever plays them, so Cortex never sees them, and they serve only to measure harnesses (the
benchmark, below). The split is what lets a gain be read as learning. On a training scenario, a harness could help
by recalling that one task, for instance that the due date is computed from shop.clock; on a held-out scenario, no
task it recalls holds the answer, and only what carries over to new work, such as the rule, can help. Held-out scenario
HE1 (held-out scenarios are named H, the family’s letter and a number), for one, asks for the orders of the last 𝑁 days,
counted back from today by default: a task no session plays, under the same rule on time. A gain on the held-out
scenarios therefore shows that what Cortex learned carries over to work it has never seen, which is what a developer
needs from a harness. Passing the exam also takes following the rule, not only making the test pass. Every held-out
scenario of the four rule families comes with a rule-breaking fix, one that makes the scenario’s own test pass but breaks
the rule: for HE1, it falls back on date.today(); in families A and C, it is the correct fix without its changelog line, or
without its documentation row and golden file. Only the rule’s part of the check can tell it apart from the correct fix.

A run. A run is one complete, unattended replay of the project’s working life (Figure 10). It starts from a fresh copy
of the repository and plays the 26 training scenarios as 26 working sessions, one per scenario, in 10 rounds; each family
is introduced in a round of its own and returns in later ones. No one sits at the keyboard: a script types what a developer
would type, and nothing in the repository is edited by hand.

One session. A session begins the way work reaches a developer: a teammate’s commit adds a failing test, for a bug
or for a change in what the code should do, and a headless Claude Code session, one started by the script with no one
watching, is asked to deal with it. When the agent stops, a scripted reviewer plays continuous integration. It checks, in
order, that the teammate’s test is unchanged, that this test now passes, that the whole suite passes, that the linter is clean,
and, for family A, that the changelog gained a line. The first check that fails gets the reply written for that failure, in
the same words in every run, like the reply on time above, and the agent tries again, at most 3 times. The session then
ends with /harvest (Section 3.1): if the session went from broken to working it saves a task, whose check also tests
what the reviewer corrected, and it writes each correction down as a lesson. Because the replies are scripted, every run
receives the same correction for the same mistake.

The loop, after each round. After the round’s sessions, the script runs /evolve (Figure 3). A cycle looks for a
theme, writes one candidate, screens and confirms it, and keeps or buries it, or ends as BARREN, at no cost in rollouts,
when no theme clears the bar. A sweep takes minutes and runs in the background, so the session that started it ends;
when the sweep has finished, the script types /evolve again in a fresh session, which reads the result and goes on. It
stops once a cycle has ended with no candidate pending, or when /evolve stops on its own; most rounds hold one
cycle. The script runs /evolve in every round, even after Cortex has signalled that the loop should stop, so that every
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The lab: shopkit, a small codebase with house rules

A house rule is a convention of this one project: code can break it and still work, and a model can learn it only from the repository.

shopkit

WHAT IT IS

a Python toolkit for orders

and invoices: a catalogue,

carts, refunds, exports and

a command line

ITS OWN TESTS

unit tests, and no

dependencies to install

ITS HOUSE RULES

listed in its

CONTRIBUTING.md file

ITS CI CHECK

make test and make
lint enforce part of them

Five families of work: four house rules and a control

THE HOUSE RULE A TYPICAL MISTAKE CAUGHT BY TRAIN HELD-OUT

A
a line in CHANGELOG.md for every

change users can see

ships the feature, forgets

the changelog

a new

changelog line
6 6

B
money is integer cents, scaled

only with the rate helpers

fixes a rounding bug with

float()
the linter 6 6

C
a new exporter needs a registry

entry, a docs row and a golden file

skips the docs row and

the golden file
the linter 6 6

E
the time is read only

through shop.clock
calls date.today() the linter 4 6

D
none: plain bugs, so there is

nothing to learn

fixes them unaided: this

family can only

show harm

the

scenario's test
4 6

ONE CORRECTION, START TO FINISH (FAMILY E) Training scenarios 26

played as sessions in every run: their

corrections are what Cortex learns from

Held-out scenarios 30

never played in a session: kept for the final

exam. In a rule family, a rule-breaking fix

passes the test yet fails the exam.

The request

a due date,

from today

1

The agent

date.today()

and the tests pass

2

CI is red

the linter rejects it

3

The reviewer

replies in

fixed words

4

/harvest

saves it as

a lesson

5

THE REPLY  Works, but CI is still red: make lint rejects datetime.now() / date.today() in

shop/. We only read the time through shop.clock ...

Figure 9: The lab. Top: the repository, and its five task families: each rule family is built around one house rule written in
CONTRIBUTING.md, with the mistake an agent typically makes, what catches it, and the counts of training and held-out scenarios;
family D, plain bugs with no rule, is the control. Bottom left: one correction from start to finish, for the rule on time. Bottom right:
the training scenarios are played as sessions; the held-out scenarios are kept for the benchmark.

run has the same shape. What /evolve changed, a kept item and the journal, is then committed, as each session’s code
and task were at the session’s end, and the next round begins.

The runs. The 4 evaluation runs, R1 to R4, follow this procedure with Cortex in full; repeating it shows whether a
result holds beyond a single run. A control run, C1, plays the same sessions, receives the same corrections and runs
/harvest as usual, but never runs /evolve, so no skill or rule is ever added. Corrections can still fall in C1, because
the agent can copy a rule from the fixes already in the code, and C1 measures how much they fall without /evolve. A
development run, D0, used an earlier version of Cortex than v1.0-eval. It is reported apart and named wherever it is
used (Sections 5.1, 5.7 and 7); every other number comes from the runs made at v1.0-eval.

One model in every role. Every evaluation and control run used Claude Haiku 4.5 (claude-haiku-4-5-20251001)
through Claude Code 2.1.278, with Cortex’s optional judge, Jev, off. The same model plays every role: it is the
agent that works in the sessions; the model that runs /harvest and /evolve, and so writes the tasks and proposes the
candidates; and the agent in every sweep and benchmark rollout. No stronger model teaches it. The runs depart from
Cortex’s defaults in the settings below, and in where the sandboxes sit on disk and how many run at once; none of them
decides a verdict. The rollout model is pinned to the one the sessions use, so that every rollout uses that model (by
default a rollout uses whatever model Claude Code is set to). The cap on rollouts per sweep, a guard on cost, is raised
from 60 to 200, because a confirm sweep over every training task takes 156 rollouts (each of the 26 tasks 3 times under
each of the two harnesses). The stop limit, the number of cycles in a row without a KEEP after which Cortex suggests
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stopping, is raised from 2 to 3, because the lab introduces its families on a schedule, and quiet cycles are expected
before the next family arrives. And Claude Code never updates itself mid-run.

The benchmark. After the last round, each run’s final harness sits an exam (Figure 11). Each held-out scenario
is committed onto the run’s final code, so that it meets the codebase as that run left it, and the commit adds only
the teammate’s test: the agent gets that commit and the scenario’s request, as in a session. Each scenario also has a
reference fix, a correct solution written with it, and, in the rule families, its rule-breaking fix; both stay outside the
repository and serve only to validate the scenario, below. The training scenarios are replayed from the commits their
sessions started from. An arm is one harness: every arm faces the same scenarios, with the same model and the same
oracle, and the arms differ only in the harness installed. The two primary arms are none, the minimal CLAUDE.md that
Cortex’s installer, cortex init, writes, and nothing else, and evolved, what the run kept; for short, the text also calls
none “no harness”, since it has no skills or rules. Each of the others answers one question (Figure 11, bottom). none2,
the A/A arm, is none measured a second time, in a later batch, to show how far two measurements of one harness can
differ. The rest are the ablations: kitchen is none with the whole contribution guide appended to CLAUDE.md; flat
is evolved’s texts with every paths field removed; desc-only is evolved with each skill’s body replaced by neutral
filler; accept-all is evolved plus every candidate the run buried; and ideal is written by hand: always-on skills for
A and E, a rule on shop/billing/** for B, and a gated skill on shop/plugins/** for C. Every attempt, or rollout,
runs in a clean sandbox, in Claude Code’s acceptEdits mode, in which file edits are accepted without asking and
a command runs only if the settings already allow it, as the repository’s own allow list does for make, python3 and
the read-only git commands (git status, git diff, git log, git show; Section 7 says what a rollout could read
through them). Success is decided by the lab’s own oracle, a fixed script that judges every attempt the way the scripted
reviewer does, not by the checks Cortex harvested, so that Cortex never grades its own work. It makes the reviewer’s
checks in the same order and stops at the first that fails: the teammate’s test is left unchanged, that test passes, the rest
of the suite passes, the linter is clean (it checks the rules of B, C and E), and, for family A, the changelog gained a
line. The agent does not behave the same way twice, so each scenario is attempted several times: none and evolved
run each held-out scenario 5 times and each training scenario 3 times, and the other arms run the held-out scenarios 3
times. The primary arms run interleaved, taking turns, so that a slowdown lands on both; the other arms ran afterwards,
in batches of their own, so every comparison with them crosses a batch boundary. Every arm alike also carried one
shared skill listing on every turn: the descriptions of Claude Code’s own bundled skills, of Cortex’s three commands,
which cortex init installs in the repository, and of the skills in the user-level Claude Code configuration; the agent
invoked one of the bundled skills in 5.4% of none rollouts and 5.8% of evolved ones. Because every run’s code ends
differently, a held-out scenario counts in a run only if it validates on that run’s final code: its test must fail there while
the linter stays clean, its reference fix must pass the oracle, and, in a rule family, its rule-breaking fix must pass its own
test and be caught only by the rule’s part of the check. One did not validate (HA6, in R4), and it is excluded from that
run in every arm. The primary analysis uses the complete-case set, the 23 rule-family scenarios valid in every run; the
set of all valid scenarios is secondary.

Tests with known answers, and of generality. Four more experiments complete the evaluation (Figure 12); all ran
on Claude Haiku 4.5 except where the model change says otherwise. The first two measure Cortex’s own decisions
against answers known before they ran; the last two ask whether its results carry beyond the lab and its model.

• The gate test asks whether the gates keep only what helps. It runs 29 candidates whose right verdict is known
through the real pipeline, on a copy of C1’s final repository, which holds harvested tasks and no live item: 20
placebos, plausible advice that shares no keyword with a house rule, all written as always-on skills (10 about
a coding topic, such as preferring pathlib to os.path, and 10 about a moment in the work, such as what to
do after finishing an edit), which should be killed; 5 harmful items, advice that contradicts a house rule, 3 of
them rules and the rest always-on skills, which should be killed; and the 4 items of ideal, which should be kept.
Each is screened at 𝑘 = 2 on tasks the live harness had failed (the same tasks for every placebo), and confirmed
if it survives. The test’s procedure stops at the screen whenever the gain is not positive or the candidate never
fired, and records that stop as a KILL; score.sh’s own verdict is recorded beside it, and the two can differ, since
score.sh returns RERUN when no task on the screen could show a gain (Section 5.3).

• The prune test asks whether /prune deletes only dead weight. It runs /prune on a copy of R1’s final repository,
with 4 items planted beside R1’s 4 and its limit on items per pass raised to cover them all. In its first pass, /prune
chose which items to test and planned R1’s own, which it should keep. A second pass was given the planted
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One run, end to end

No one at the keyboard and nothing edited by hand: a script types what a developer would type, and Claude Haiku 4.5 does all the work.

1 A RUN: 26 SESSIONS, ONE PER TRAINING SCENARIO, IN 10 ROUNDS, FROM A FRESH COPY OF SHOPKIT

round 1

B B B

round 2

A A A

round 3

C C C

round 4

E E E

round 5

D D D

round 6

A B C

round 7

A B E

round 8

C D

round 9

A B

round 10

C

2 EACH SESSION: WORK ARRIVES THE WAY IT REACHES A DEVELOPER

A commit

a teammate adds a

failing test: a bug, or

a new spec

1

The session

headless Claude

Code is asked to deal

with it

2

The reviewer

a script that plays CI:

the checks on

the right

3

/harvest

records what the

session taught

4

a fixed reply: try again

/harvest saves

a task: the request, the broken commit, the fix, and a check that also tests the rule

lessons: one line per correction

The reviewer's checks, in order

The first check that fails gets its own reply, in

the same words in every run; the agent tries

again, at most 3 times. Then /harvest runs.

the teammate's test is unchanged1

that test now passes2

the whole test suite passes3

the linter is clean (rules B, C, E)4

family A: a new changelog line5

3 THEN, AFTER THE ROUND'S SESSIONS: /evolve, UNTIL A CYCLE ENDS

Find a theme

a lesson logged 3

times, or 2 or more

failing tasks

1

A candidate

one new skill or rule,

not yet live

2

Screen sweep

2 runs per task, on

the theme's

failing tasks

3

Confirm sweep

3 runs on every task,

both harnesses:

up to 156

4

Verdict

KEEP  it goes live

KILL  graveyard

5

Commit

and the next

round starts

6

No theme: the cycle is BARREN and runs no rollouts. A sweep runs for minutes in the background, so after each one /evolve is

typed again in a fresh session, until a cycle ends; most rounds hold one. It runs in every round, even after Cortex suggests stopping.

4 THE EVALUATION AND CONTROL RUNS SHARE ONE SETUP; THE DEVELOPMENT RUN IS REPORTED APART

Evaluation runs R1–R4

Cortex on, as above. Repeating it in 4 runs

shows whether the result holds beyond

one lucky run.

Control run C1

the same sessions, with /evolve off: how

much the agent improves from its own

earlier fixes alone

Development run D0

an earlier version of Cortex than the

evaluation tag: reported apart, and named

wherever it is used

Claude Haiku 4.5 plays every role

Claude Code 2.1.278; the optional judge, Jev, off

the agent that works in the sessions

the model that runs /harvest and /evolve, so it

writes the tasks and the candidates

the agent in every sweep and benchmark rollout

Settings changed from Cortex's defaults

rollout model pinned to the one the sessions use

sweep size cap 60 raised to 200: a full confirm sweep takes 156

stop suggestion after 3 cycles in a row without a KEEP, not 2: the families

arrive on a schedule

self-update off: Claude Code cannot change mid-run

parallel workers auto-sized, with more of the machine's memory

Figure 10: One run, end to end. (1) The rounds, and the family of each session. (2) One session: the teammate’s commit, the agent,
the scripted reviewer, whose fixed reply sends the agent back at most 3 times, and /harvest. (3) The /evolve cycle after each
round’s sessions (Figure 3). (4) The runs: evaluation and control share one setup; the development run is reported apart.
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After the runs: the benchmark

The exam uses scenarios that no session ever played, and an oracle that Cortex never wrote.

1 THE BENCHMARK: AN EXAM FOR EACH RUN'S FINAL HARNESS

The harness

what the run kept

after its last round

1

The scenarios

held-out ones, put on

the run's final code

2

An arm

same scenarios,

another harness

3

The agent

a clean sandbox for

every attempt

4

The oracle

the lab's own script,

not Cortex's checks

5

The gain

evolved minus none

6

How many attempts

the main two arms, held-out 5

the main two arms, training 3

every other arm, held-out 3

The agent is random, so each

scenario is tried several times; the

main two take turns.

An attempt passes if

the teammate's test is unchanged1

the scenario's test passes2

the rest of the suite passes3

the linter is clean (rules B, C, E)4

family A: a new changelog line5

The gain, in three steps

Main set: the 23 rule-family scenarios valid in

every run

per scenario: the pass rate of evolved minus

that of none

1

averaged over the run's scenarios2

then over the runs, which all weigh the same3

2 THE ARMS: THE SAME EXAM WITH A DIFFERENT HARNESS, EACH ASKING ONE QUESTION

ARM ITS HARNESS THE QUESTION IT ANSWERS RUNS K

none
the CLAUDE.md that cortex init writes,

nothing else
the baseline: an agent with nothing learned R1–R4, C1 5

evolved what the run kept the main question: does Cortex's harness help? R1–R4 5

none2 none again, scored as if it were a treatment does it measure zero when nothing changed? R1 3

kitchen
none, with the contribution guide added

to CLAUDE.md
is pasting every rule into the context as good? R1 3

ideal written by hand: one item per rule family how close is Cortex to a harness written by hand? R1 3

flat evolved's texts, with every scope removed
does loading an item only where it

applies matter?
R1 3

desc-only evolved's skills, each body replaced by filler does a skill's one-line description do the work? R1 3

accept-all evolved, plus every candidate the run buried was anything the run buried worth keeping? R2 3

Figure 11: The benchmark. Top: how each run’s final harness is examined, from the scenarios to the gain, which is the difference
between the pass rates of evolved and none. Bottom: the arms, which share the scenarios, the model and the oracle and differ only
in the harness, with the question each one answers, the runs it was measured in, and its number 𝑘 of attempts per held-out scenario.
none and evolved also run the training scenarios.

items it had left out: 2 placebo always-on skills, which it should delete; a gated skill that no task reaches, which
it should skip; and an always-on skill that never fires, which it should report as unmeasured rather than delete.

• The model change asks whether the harness still matters under a stronger model. It benchmarks R1’s harness
with Claude Sonnet 5 (claude-sonnet-5) as the agent, at 𝑘 = 3, and runs /prune on another copy of R1 with
its rollouts pinned to that model, while the session that runs /prune is still Claude Haiku 4.5. The two models’
results are analysed separately and never pooled.

• The second repository asks whether the loop works on a project nobody in this study built. structlog was chosen
as a Python project with a permissive licence, a long history, a fast test suite that needs no network or credentials
and a convention newcomers break, absent from SWE-bench [22], SWE-Gym [38], SWE-smith [60] and Aider’s
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coding benchmark. The repository is hynek/structlog, taken at commit 73393f34b4. It gets one loop on tasks
mined from its own history, then none against evolved on its 4 newest tasks at 𝑘 = 5.

Four more experiments: two with known answers, two of how far the results carry

The first two check Cortex's decisions against answers known before they ran; the last two ask whether the results hold elsewhere.

Gate test: known right answers

candidates with a known right answer, on a copy of C1: its tasks, and

no item live

20 placebos: plausible advice that touches no house rule KILL

5 harmful items: advice that contradicts a rule KILL

4 known-good items: those of the ideal arm KEEP

Prune test: planted items

on a copy of R1, with items planted beside its own

R1's 4 own items, which the gates kept KEEP

2 always-on skills that do nothing DELETE

a gated skill that no task reaches SKIP

an always-on skill that never fires UNMEASURED

Model change: a stronger model

R1's harness benchmarked under Claude Sonnet 5, 3 attempts

per scenario

/prune on a copy of R1, its rollouts on that model; the two models

never pooled

Second repository: outside the lab

structlog: a real Python project, absent from the common

coding benchmarks

one loop on tasks mined from its own history, then none against

evolved on its 4 newest tasks

Figure 12: The four further experiments. The gate test and the prune test run the real pipeline on copies of finished runs, and each
item’s right verdict is known before it runs; the model change and the second repository ask how far the results carry. The badges
give each item’s right verdict, not the verdict the pipeline reached (Sections 5.3 and 5.5).

Statistics. The primary comparison is evolved against none on the held-out scenarios of the four rule families, paired
by scenario within run. For each run and each scenario we take the difference between the two arms’ pass rates, average
it over the run’s scenarios and then over the runs, so that a run that measured more scenarios does not weigh more; this
is the gain reported in Section 5.1. With ℛ the runs, 𝒱𝑟 the scenarios of the analysed set that are valid in run 𝑟, and
𝑦𝑎

𝑟𝑠𝑖 ∈ {0, 1} the outcome of the 𝑖-th of the 𝑛𝑎𝑟𝑠 valid rollouts of scenario 𝑠 under arm 𝑎 (evo for evolved) in run 𝑟, the
gain is

Δ̂ = 1
|ℛ| ∑

𝑟∈ℛ

1
|𝒱𝑟 | ∑

𝑠∈𝒱𝑟

𝑑𝑟𝑠, 𝑑𝑟𝑠 = ̄𝑦 evo𝑟𝑠 − ̄𝑦 none𝑟𝑠 , ̄𝑦 𝑎𝑟𝑠 = 1
𝑛𝑎𝑟𝑠

𝑛𝑎𝑟𝑠
∑
𝑖=1

𝑦𝑎
𝑟𝑠𝑖, (8)

and every other comparison between two arms is computed the same way. The study states its questions as hypotheses,
each with a margin that decides it (Section 5); the primary one, H1, is about this gain. Two calculations then say how
far that number can be trusted.

• The confidence interval decides the hypothesis. A two-way bootstrap builds 10,000 alternative versions of the
study, each drawing the runs and the scenarios at random with replacement, independently of each other, and
recomputes the gain on each. Drawing with replacement means that a run or a scenario can be drawn twice and
another left out, as if the study had happened to sample differently; the spread of the recomputed gains shows
how much the result depends on that luck. The middle 95% of those values, with the most extreme cut off equally
at both ends, is the 95% CI; its two ends are the pair of numbers printed in brackets throughout the paper. In
replicate 𝑏, the bootstrap draws |ℛ| runs 𝑟∗

𝑏𝑖 from ℛ and |𝒱| scenarios 𝑠∗
𝑏𝑗 from 𝒱 = ⋃𝑟 𝒱𝑟 , each uniformly;

𝐽𝑏𝑖 holds the draws 𝑗 whose scenario is valid in run 𝑟∗
𝑏𝑖, and 𝐼𝑏 the draws 𝑖 for which 𝐽𝑏𝑖 is not empty. Then

Δ̂∗
𝑏 = 1

|𝐼𝑏| ∑
𝑖∈𝐼𝑏

1
|𝐽𝑏𝑖 |

∑
𝑗∈𝐽𝑏𝑖

𝑑 𝑟∗
𝑏𝑖 𝑠∗

𝑏𝑗
, 𝑟∗

𝑏𝑖
iid∼ 𝒰(ℛ), 𝑠∗

𝑏𝑗
iid∼ 𝒰(𝒱), CI = [ 𝑄𝛼/2, 𝑄1−𝛼/2 ]({Δ̂∗

𝑏}𝐵
𝑏=1), (9)

with 𝐵 = 10,000, 𝑄𝑞 the 𝑞-quantile of the 𝐵 replicates, and 1 − 𝛼 the 95% level. On the complete-case set every
scenario is valid in every run, so each 𝐽𝑏𝑖 holds every draw. The primary hypothesis is supported when the lower
end of this interval is above zero. Every other hypothesis has its own margin, and Section 5 gives each verdict
with it.
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• The permutation test gives the 𝑝-value. It asks how often a gain at least this large, in either direction, would
appear if the harness made no difference. If it made none, the arm label on each rollout would carry no infor-
mation, so within each scenario of each run the labels are shuffled at random, which keeps every scenario’s own
difficulty fixed, and the gain is recomputed. This is repeated 𝐵 = 10,000 times. Each shuffle 𝜋𝑏 reorders, uni-
formly at random and independently, the 𝑛evo𝑟𝑠 + 𝑛none𝑟𝑠 outcomes of each scenario 𝑠 of each run 𝑟, and gives them
back to the two arms in their original numbers; 𝔖𝑛 is the set of the 𝑛! orders of 𝑛 outcomes, and Δ̂(𝜋𝑏) is the
gain recomputed after the shuffle. Then

𝑝 = 1 + ∑𝐵
𝑏=1 𝟙[ ∣Δ̂(𝜋𝑏)∣ ≥ ∣Δ̂∣ ]

𝐵 + 1 , 𝜋𝑏 ∼ 𝒰( ∏
(𝑟,𝑠)

𝔖 𝑛evo𝑟𝑠 +𝑛none𝑟𝑠 ). (10)

The 1 added above and below counts the observed labels as one of the possible arrangements, so 𝑝 is never zero:
it is at least 1/(𝐵 + 1).

Every comparison measured in a single run, the A/A arm, the ablations and the model change, has an interval that
resamples scenarios only. When the gain is tested in each rule family on its own, Holm’s correction adjusts the four
𝑝-values for having made four tests, since the more tests are made, the likelier one of them is to look significant by
chance. With the four sorted from smallest to largest, 𝑝(1) ≤ … ≤ 𝑝(4), the adjusted values are

̃𝑝(𝑖) = min{1, max
𝑗≤𝑖

(5 − 𝑗) 𝑝(𝑗)}, (11)

so the smallest is multiplied by four, the next by three, and so on, and no adjusted value is smaller than the one before it.
Proportions of candidates get Clopper–Pearson intervals, an exact interval suited to small counts, which for 𝑥 successes
in 𝑛 trials is

[ ℬ−1
𝛼/2(𝑥, 𝑛 − 𝑥 + 1), ℬ−1

1−𝛼/2(𝑥 + 1, 𝑛 − 𝑥) ] 𝑥=0−−−−→ [ 0, 1 − (𝛼
2 )1/𝑛 ], (12)

with ℬ−1𝑞 (𝑎, 𝑏) the 𝑞-quantile of the beta distribution with parameters 𝑎 and 𝑏, the lower end taken as 0 when 𝑥 = 0
and the upper end as 1 when 𝑥 = 𝑛; when no candidate of a kind was kept, it reduces to the closed form on the right,
which gives the bound on kept placebos in Section 5.3. Fisher’s exact test, which suits small counts too, asks whether
the known-good candidates were kept more often than the placebos. The A/A arm carries its own rule: if its interval
excludes zero, every other result is suspect until explained. Every random draw uses a fixed seed, so rebuilding the
analysis gives the same intervals and 𝑝-values. Invalid rollouts are excluded and counted. Every verdict of the loop
reported in Section 5 is the gates of Section 3.5 applied to the recorded rollouts, by a re-implementation of score.sh
that agrees with it on all 51 sweeps of the evaluation runs.

5 Results
Each question of the evaluation is stated as a hypothesis with a margin: the result a measurement must reach for the
hypothesis to count as supported. Table 4 lists the hypotheses tested, each with its margin, its result, its verdict and the
subsection that reports it. Each is reported where its question arises, stated in words, with its verdict, including those
that failed. A hypothesis is supported or not supported as its margin gives; it is inconclusive when the measurement
could not decide the question, even where the letter of the margin is met, and the text then says why. Differences are
in percentage points of pass rate, evolved minus none unless stated otherwise. Each interval is a 95% CI, the range of
values the data leave plausible (Section 4).

5.1 Held-out gain
The baseline. Without a harness the agent passes the control family and often breaks the house rules. On the held-out
scenarios, none’s pass rate was 100% on family D, but 0% on family A, 26% on B, 2% on C and 55% on E. H0, that
the model without a harness often breaks the house rules but passes the control family, is supported. Its margin asks
that family D pass at least 90% of the time and that at least three of the four rule families pass less than 50%: D passed
100%, and 3 rule families are below 50%; E is the one above it. H0 checks the lab rather than Cortex: its scenarios were
built so that the model breaks the rules unaided (Section 7). The rules are written down, in the repository’s contribution
guide (CONTRIBUTING.md), but the agent opened that file in only 0.5% of none’s held-out rollouts.
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Table 4: The hypotheses tested. The margin is the result a measurement must reach for the hypothesis to count as supported, and
the verdict is what the margin gives, or inconclusive when the measurement could not decide the question. none is the harness with
no skills or rules, and evolved the one a run built; A, B, C and E are the four rule families, and D is the control. Differences are in
percentage points of pass rate, evolved minus none unless the row says otherwise, and the two numbers in brackets are the lower
and upper ends of a 95% CI. The last column is the subsection that reports each one.

Hypothesis Margin Result Verdict Sec.

H0 A check of the lab, not of Cortex: with no
skills or rules (none), the agent often
breaks the house rules, so families A, B,
C and E often fail, but it fixes the plain
bugs of the control family, D.

On the held-out scenarios
under none, D passes at least
90% of the time, and at least
three of A, B, C and E pass
less than 50%.

Pass rates under none: D 100%; A 0%, B
26%, C 2%, E 55%. D is above its bar,
and 3 of the four rule families are below
50%; E is the one above it.

supported 5.1

H1 Primary. What Cortex learns carries over
to new work. On the held-out scenarios
of A, B, C and E together, which no
session played, the agent passes more
often with the harness a run evolved
(evolved) than with none.

The gain, evolved minus
none, has an interval whose
lower end is above zero: even
the lowest value the data
leave plausible is a gain.

On the 23 rule-family scenarios valid in
every run, the pass rate rose from 21.5%
to 76.5%: a gain of +55.0 [+34.1, +74.1].
Permutation 𝑝 = 0.0001, the smallest the
test can return.

supported 5.1

H2 Cortex does no harm where there is
nothing to learn. D has no house rule and
already passes under none, so the evolved
harness cannot help there; it should not
make D worse, and no run should keep an
item written for D.

The change in D’s pass rate
has an interval whose lower
end is above −10 points, so
that a loss that large is not
plausible; and no run keeps
an item for D.

D changed by −0.8 [−5.0, 0.0]: the lower
end is above −10. The upper end cannot
be above zero, since none passes D 100%
of the time and leaves nothing to gain. No
run kept an item for D.

supported 5.1

H3 Cortex puts each kept item in a sensible
loading tier, which decides when its text
enters the agent’s context, and the item
fires (a rule loads, a skill is opened)
mainly in the work of its own family.

Every kept item meets three
criteria: its form (rule or
skill) fits how it loads; its
scope is limited; it fires more
often on its own family’s
rollouts than on the others’.

15 of the 18 kept items meet all three.
The rest are rules on shop/**, a scope
wide enough to load on almost every task
of every family, and they fail only the
third criterion.

not supported 5.2

H4 The harness spares the developer
corrections while it is being built. In the
evaluation runs Cortex’s items go live as
they are kept, so the scripted developer
should correct the agent less often there
than in the control run, which plays the
same sessions with /evolve off.

Fewer corrections per
session in the evaluation runs
than in the control run,
counting every session,
including those before any
item was kept.

60 corrections in 104 sessions (0.58 per
session) in the evaluation runs, against 23
in 26 (0.88) in the control run. With 1
control run, a permutation test cannot
return 𝑝 below 0.2, so the difference is
descriptive, not a tested effect.

supported 5.1

H5 The gates, the rules that decide whether a
candidate is kept, give the right verdict on
candidates whose right verdict is known:
20 placebos (plausible advice that touches
no house rule), 5 harmful ones (advice
that contradicts a house rule) and 4
known-good ones (the items of the
hand-written harness ideal). They
should rarely keep a placebo, kill every
harmful candidate and keep the
known-good ones.

The rate at which placebos
are kept has an interval
whose upper end is below
25%; every harmful
candidate is killed; and at
least 3 of the 4 known-good
ones are kept.

Placebos: 0 of 20 kept; with so few, the
rate could still be as high as 17%, below
25%: met. Harmful: none kept, but only
2 of 5 killed, with no verdict on the other
3: not met. Known-good: 2 of 4 kept: not
met.

not supported 5.3

H6 The gates add value: what the loop buries
would not have helped. accept-all is a
run’s evolved harness plus every
candidate that run buried, and it should
score no better than evolved.

The difference, accept-all
minus evolved, has an
interval whose upper end is
below +5 points, so that an
advantage that large is not
plausible.

In R2, accept-all minus evolved is
−8.9 [−16.1, −1.7], so the margin is met.
But the arm adds a single candidate, and
no gate buried it: the scoring script
reached no verdict, and the /evolve agent
buried it as overlapping a live rule. The
result rests on that burial, not on the gates.

inconclusive 5.3

H7 The scopes earn their place. Every kept
item has a paths field, which loads it only
when the agent works on matching files.
flat is the same texts with every paths
field removed; it should put more text into
every turn’s context and score no better
than evolved.

flat has more always-on
characters (text present on
every turn) than evolved;
and the difference, flat
minus evolved, has an
interval whose upper end is
below +5 points.

In R1, flat has 1,688 always-on
characters against evolved’s 559, and
flat minus evolved is −12.5 [−28.3,
+1.7]: the upper end is below +5. Both
parts are met.

supported 5.4
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Table 4: The hypotheses tested, continued.

Hypothesis Margin Result Verdict Sec.

H8 Two harnesses state all four house rules:
kitchen, which appends the contribution
guide to CLAUDE.md, and ideal, written
by hand with the rules known. evolved
should come close to them on the rule
families, with less always-on text.

evolved minus the better of
the two has an interval
whose lower end is above
−10 points, and evolved has
fewer always-on characters
than either.

In R1, pass rates: evolved 87.5%,
kitchen 76.4%, ideal 48.6%. evolved
leads both: kitchen, the better of the two,
by 11.1 points [0.0, +22.5], an interval
that reaches zero. Always-on characters,
in that order: 559, 2,519 and 728.

supported 5.4

H9 What the loop learns is repeatable. The 4
evaluation runs are independent, each
starting from a fresh copy of the
repository; they should learn the same
families, as items of similar form.

A run has learned a family
when it keeps an item for it.
Of the families learned in
any run, at least half are
learned in every run.

All four rule families were learned in
every run: each of the 4 runs kept an item
for A, B, C and E, and none for D. Every
run but R3 chose the same scopes.

supported 5.2

H10 /prune, which re-measures live items by
removal, deletes only dead weight.
Beside R1’s own 4 items, which it should
keep, the prune test plants 4 items: 2
placebo always-on skills, to delete; a
gated skill that no task reaches, to skip;
and an always-on skill that never fires, to
report as unmeasured.

Every planted item gets the
verdict expected of it, and no
item that never fired is
deleted.

/prune kept R1’s own 4 items. Of the 4
planted items, 2 got the expected verdict
(6 of 8 overall): one placebo was deleted
and the unreachable skill skipped. The
other placebo was kept: 2 tasks lost runs
without it, and the agent never opened it.
The skill that never fires got no verdict.
No item that never fired was deleted.

not supported 5.5

H11 A skill is offered to the agent by its
description, one line in a listing; its body
enters the context only if the agent opens
it. The description should carry much of
the skill’s effect by itself. desc-only is
evolved with each skill’s body replaced
by neutral filler.

desc-only recovers at least
50% of evolved’s gain over
none, with the lower end of
that share’s interval above
zero.

It recovered 79% [58%, 100%], which
meets the letter of the margin. But only 1
of R1’s 4 items is a skill and could be
rewritten; the rest are rules and kept their
words. In C, the rewritten skill’s family, it
recovered 16%. One skill cannot settle
the question.

inconclusive 5.4

H12 The development run, D0, used an earlier
version of Cortex than v1.0-eval, the
version evaluated. Its harness, measured
on the same held-out scenarios with the
evaluation’s tooling, should gain in line
with the evaluation runs.

D0’s gain lies inside the
interval of the evaluation
runs’ gain, taken over every
valid scenario.

D0’s harness gained +42.5 points, inside
the evaluation runs’ interval, [+35.4,
+75.0], and within the range of the single
runs’ own gains, +32.5 to +66.7.

supported 5.1

H13 A harness evolved for one model may be
partly redundant under a stronger one.
/prune, run on R1’s harness with its
rollouts on Claude Sonnet 5 instead of
Claude Haiku 4.5, should find items the
weaker model needed and the stronger
one no longer does.

/prune finds at least one
such item removable.

2 of the harness’s 4 items are removable
under Claude Sonnet 5: the money rule
and the exporter checklist. The money
rule is the clear case, since the stronger
model passed every held-out money
scenario with no harness; the exporter
checklist is less certain.

supported 5.5

H14 The loop also helps outside the lab.
structlog is a real open-source project that
nobody in this study built; the loop runs
once on tasks mined from its history, and
the harness it evolves should raise the
pass rate on the project’s newest tasks.

A positive gain, evolved
minus none, on the 4
held-out tasks.

Nothing was learned. In 7 of the 8
sessions the agent passed the project’s
tests and linter at the first attempt, so
nothing recurred and no item was kept.
evolved was identical to none, which left
nothing to compare.

inconclusive 5.6

H15 The optional judge rates a candidate’s
relevance: the share of the tasks it would
load on that it is actually about.
Relevance should separate the candidates
the gates keep from those they kill on a
regression (a task made worse); breadth,
the share of all tasks it would load on,
which needs no judge, should not.

To separate two groups,
every kept candidate must
score above every killed one.
Relevance must separate
them, and breadth must not.

Relevance did not separate them: the
lowest kept candidate scored 17% and the
highest killed one 75%. Neither did
breadth (8% against 58%). Only 2
candidates were killed on a regression,
which makes a thin comparison.

not supported 5.7

H16 For a skill, the judge also predicts its
invocation rate, how often the agent will
open it. The prediction should track the
rate measured in the rollouts.

With so few skills, only the
order is asked for: the
predictions rank the skills in
the same order as the
measured rates.

The order is preserved for the 4 skills
tested, 2 of them kept by D0, which meets
the letter of the margin. But 3 of the
predictions are tied at the top, so the order
rests on the remaining skill.

inconclusive 5.7
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The primary result. H1, the study’s primary hypothesis, is that evolved beats none on the held-out scenarios of
the four rule families taken together; its margin is an interval whose lower end is above zero. On the 23 rule-family
scenarios valid in every run, evolved beat none by +55.0 points (95% CI [+34.1, +74.1], permutation 𝑝 = 0.0001), so
H1 is supported (Table 5 and Figure 13). With 10,000 shuffles, that 𝑝 is the smallest the test can return: no shuffle of
the arm labels produced a gain as large as the one observed. Every rule family gained: A by +97.0 [+91.0, +100.0],
B by +53.3 [+17.5, +88.3], C by +50.0 [+25.0, +73.3] and E by +26.7 [+1.7, +60.0]. The permutation test gives each
family 𝑝 = 0.0004 after Holm’s correction, which raises each 𝑝-value to allow for having tested four families instead
of one; as for the four together, no shuffle reached any family’s gain. That test holds the measured scenarios and runs
fixed, while the intervals, which are not adjusted for the four families, also allow for which ones were drawn, and the
clock family’s lower end lies close to zero. H2 is that the harness does not harm the control family (the lower end of its
interval stays above −10 points) and that no run keeps an item for it. The control family moved by −0.8 [−5.0, 0.0], and
no run kept an item for it, so H2 is supported. Counting every rule-family scenario in each run where it was valid, so
also the one excluded from a single run (Section 4), the gain on the four rule families together is +56.5 [+35.4, +75.0].
Every rollout behind these numbers was valid.

Table 5: The held-out gain, family by family: evolved against none on the scenarios valid in every evaluation run, R1 to R4. Pass
rates are over rollouts, and Rollouts counts both arms. The gain is the paired difference in pass rate, in points, averaged over the
scenarios of each run and then over the runs; its 95% CI is the two-way bootstrap and 𝑝 the permutation test (Section 4). Holm’s
correction adjusts the four rule families’ 𝑝-values for having made four tests. In the rule-family rows no shuffle reached the observed
gain, so each 𝑝 is the smallest the test can return with 10,000 shuffles; the test keeps the measured scenarios and runs fixed, while
the interval also allows for which ones were drawn. Family D is the control.

Pass rate

Family Scenarios Rollouts none evolved Gain 95% CI 𝑝 Holm 𝑝
A, changelog 5 200 0% 97% +97.0 [+91.0, +100.0] 0.0001 0.0004
B, money 6 240 26% 79% +53.3 [+17.5, +88.3] 0.0001 0.0004
C, exporters 6 240 2% 52% +50.0 [+25.0, +73.3] 0.0001 0.0004
E, time 6 240 55% 82% +26.7 [+1.7, +60.0] 0.0001 0.0004

A, B, C, E together 23 920 22% 77% +55.0 [+34.1, +74.1] 0.0001

D, plain bugs (control) 6 240 100% 99% −0.8 [−5.0, 0.0] 1.000

Held-out pass rate

scenarios valid in every run; bars: the runs' average; dots: R1 to R4

Paired difference, evolved minus none

points, with the interval over runs and scenarios

0%

25%

50%

75%

100%

all four A

changelog

B

money

C

exporter

E

time

D

control

none evolved one run
0 +25 +50 +75 +100

All four rule families
+55.0 [+34.1, +74.1]

A · changelog
+97.0 [+91.0, +100.0]

B · money
+53.3 [+17.5, +88.3]

C · exporter
+50.0 [+25.0, +73.3]

E · time
+26.7 [+1.7, +60.0]

D · control
−0.8 [−5.0, 0.0]

A/A · same harness twice
−3.3 [−7.3, 0.0]

Figure 13: Held-out results on the scenarios valid in every run. Left: pass rate; each bar averages the 4 evaluation runs, and each
dot is one run, R1 to R4 from left to right. Right: evolved minus none, with the two-way bootstrap interval over runs and scenarios.
The bottom row is the A/A check, the none harness measured twice in R1 over all five families, whose interval resamples scenarios
only. Family D is the control.
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The noise floor. The A/A check measures how far two measurements of one and the same harness can differ. none2 is
the none harness again, measured as if it were a different one; on all five families of R1, the two differed by −3.3 points
[−7.3, 0.0], with an interval that resamples scenarios (permutation 𝑝 = 0.13). By the rule of Section 4, an A/A interval
that excluded zero would put every other result in doubt. This interval ends at zero, so the rule does not apply, but only
just: on each of the 3 scenarios where the two measurements differ, none passed more often than none2. none2 ran
in a later batch than none, together with the ablation arms of Section 5.4, so the difference may hold a shift between
batches (a change in conditions between the two periods in which the rollouts ran) as well as noise.

The runs. Every run gained on the four rule families taken together, by different amounts (the dots in Figure 13),
though not on every family: R3 gained nothing on money and lost on the clock (Figure 17). R3 gained least: its pooled
pass rate on the 23 scenarios valid in every run rose from 22.6% to 52.2%, where the other runs reached between 80.9%
and 87.0%. Section 5.2 traces why. Every held-out scenario under every arm of R1 to R4 is shown in Figure 22, in
Section A.

Training against held-out scenarios. The benchmark also replayed the training scenarios, the ones the sessions had
played, under none and evolved (Section 4). Measured on the 22 of them in the four rule families, the gain would
have been +78.8 points [+68.9, +86.7] instead of +55.0. More of that difference lies in the baseline than in the harness:
without a harness the agent passed 6.4% of the training rollouts in these families and 21.5% of the held-out ones, so the
training scenarios left more to gain, while the evolved harness’s own pass rate went from 85.2% to 76.5%. By family,
the evolved rate went from training to held-out as follows: A from 90.3% to 97.0%, B from 88.9% to 79.2%, C from
76.4% to 51.7%, and E from 85.4% to 81.7%. It fell most for exporters, and fell there in every run. For money, the fall
is R3’s, the run that narrowed its money rule (Section 5.2); without it, the rate rose. For the clock, the rate held but the
gain did not, because the held-out clock scenarios were easier without a harness: the agent alone passed 55.0% of their
rollouts, against 10.4% of the training ones. The comparison is descriptive and tests no hypothesis: the two sets are
different scenarios, attempted 3 times each against 5; a training scenario starts from the commit its session started from,
not from the run’s final code; and its session’s fix is in the repository’s history, which a rollout can read (Section 7).

Why rollouts fail. The oracle, the lab’s own script that scores a rollout (Section 4), makes the reviewer’s checks in
order and stops at the first that fails, so each failed rollout has exactly one cause in Figure 14. First, the teammate’s test,
the test file the scenario starts from, must be unchanged: a rollout that edits it has moved the goalposts. Second, that
test must pass: otherwise the task is not solved. Third, the rest of the test suite must still pass. Last, the house rule must
hold: the linter, which checks the rules of families B, C and E, must be clean, and in family A the changelog must have
gained a line. None of these rollouts failed on the rest of the suite. Without a harness, 94% of the rule families’ failed
rollouts (341 of 361) passed the tests and broke the house rule: the agent solved the task and missed the convention,
the failure the lab was built around. The evolved harness turned most of them into passes. Of its 108 failures, 86 still
broke the rule, 43 of them in the exporter family. A rollout that changes the teammate’s test fails before anything else
is checked; that happened in 9 none rollouts and 13 evolved ones, all in families C and E.

Corrections, and the development run. H4 is that the scripted developer has to correct the agent less often in the
evaluation runs, where Cortex’s items go live as they are kept, than in the control run, where /evolve is off; the count
covers every session, including those before any item was kept. The evaluation runs’ sessions needed 60 corrections in
104 sessions (0.58 per session), and the control run’s 23 in 26 (0.88). The margin, fewer corrections per session than
in the control run, is met, so H4 is supported. But with a single control run beside the 4 evaluation runs, a permutation
test that shuffles which run is the control has too few arrangements to give 𝑝 below 0.2, so we read the difference as
description, not as a tested effect. H12 is that the result of the development run, D0 (Section 4), holds at v1.0-eval.
Its harness, measured on the same held-out scenarios with the evaluation’s tooling, gained +42.5 points, inside the
evaluation runs’ interval over every valid scenario, [+35.4, +75.0], so H12 is supported. That interval is for the mean
of the 4 runs, and a single run varies more: on the same scenarios the runs’ own gains ranged from +32.5 to +66.7, and
the development run’s gain lies within that range as well.
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Why held-out rollouts fail

every rollout of the scenarios valid in every run, R1 to R4; the oracle stops at the first check that fails: the

teammate's test left unchanged, then passing, then the rest of the suite, then the house rule

changed the teammate's test failed that test broke the house rule passed grey none, blue evolved

0% 25% 50% 75% 100%

failed

A · changelog
none 98 100%

evolved 3%

B · money
none 4 85 74%

evolved 25 21%

C · exporter
none 7 108 98%

evolved 8 7 43 48%

E · time
none 50 45%

evolved 5 16 18%

D · control
none 0%

evolved 1%

Figure 14: Why held-out rollouts fail, in the 4 evaluation runs, on the scenarios valid in every run. Each bar is all of an arm’s
rollouts on a family, split by the first check the oracle found failing: the agent edited the teammate’s test (hatched), left it unchanged
but did not make it pass (light), or passed the tests and broke the house rule (solid); white is a pass. The number inside a segment
counts its rollouts, and the number at the right is the share that failed. Without a harness, nearly every rule-family failure passed its
tests and broke the house rule.

Every /evolve cycle

all 4 evaluation runs: what was proposed, measured, kept

39  cycles 14 barren

nothing new recurred,

so no rollouts

26  candidates swept

screen · k = 2

failing tasks · 300 rollouts
4 stopped early

2 killed, 2 unscored

22 to confirm · k = 3

all tasks · 1,494 rollouts
3 rechecked

24 rollouts:

2 kept, 1 killed

18 KEEP 3 KILL

82% of rollouts went to confirming. The agent buried 3

unscored: 2 at the screen, 1 after the confirm.

Figure 15: Every recorded /evolve cycle of the 4 evaluation
runs, each candidate’s verdict computed again from its rollouts
by the rules of Section 3.5. A cycle in which nothing new re-
curred runs no rollouts; the screen, on the failing tasks (𝑘 = 2),
stops weak candidates before the confirm sweep over all tasks
(𝑘 = 3), where most rollouts go. The cycle drawn split in Fig-
ure 16 swept 2 candidates. score.sh returned RERUN for 3
candidates, which the /evolve agent buried without a verdict.

Every cycle, run by run

the 4 evaluation runs, each cycle in the order it ran

RUN kept

R1 4 of 4

R2 4 of 5

R3 6 of 10

R4 4 of 7

1 2 3 4 5 6 7 8 9 10 11

B A E C

B A C E E

B B A C A E E B C

B A C A A E A

A kept by the gates

A killed by a gate

A no verdict, buried by the agent

barren: nothing recurred

rechecked first

A changelog · B money · C exporter · E time:

the family each candidate was for; blank, none

13 of the 14 barren cycles came after the run had kept an

item for every rule family.

Figure 16: The same cycles, run by run; barren cycles, which
sweep nothing, are placed where the journal recorded them.
Each cell is one cycle, numbered in the order it ran: its colour is
the verdict the gates give, and its letter the family the candidate
was written for. Every run kept an item for each rule family, and
most barren cycles came after that, when nothing new recurred.
The cycle of R4 drawn split swept 2 candidates.
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What each run kept, and whether it reached the held-out scenarios

the items each evaluation run kept, by house rule; the bar is the share of the family's held-out evolved rollouts

in which the items fired (a rule loaded, a skill opened), and the number is the run's held-out gain there, in points

A · changelog B · money C · exporter E · time

R1

changelog-requirement

shop/**

25/25 +100.0

billing-helpers

shop/billing/**

28/30 +63.3

exporter-checklist skill

shop/plugins/**

30/30 +70.0

shop-clock-rule

shop/**

29/30 +33.3

R2

changelog-user-visible

shop/**

25/25 +96.0

billing-exact-arithmetic

shop/billing/**

30/30 +76.7

exporter-docs-and-golden

shop/plugins/**

30/30 +53.3

shop-clock-not-datetime

shop/**

27/30 +36.7

R3

changelog-shop-reminder

shop/**

changelog-user-facing

3 files in shop/

25/25 +100.0

billing-rate-helpers

2 files in shop/billing/

rate-helpers-narrow

3 files in shop/billing/

0/30 0.0

exporter-checklist-v2

shop/plugins/*_export.py

30/30 +36.7

shop-clock-narrow

3 files in shop/

10/30 −6.7

R4

shop-changelog-reminder

shop/**

25/25 +92.0

billing-rates-helpers

shop/billing/**

30/30 +73.3

exporter-checklist skill

shop/plugins/**

26/30 +40.0

shop-clock-queries

shop/**

27/30 +43.3

  fired, of the family's held-out evolved rollouts skill   a gated skill; every other item is a rule +70.0  gain, evolved minus none

Figure 17: What each evaluation run kept, by house rule, and whether it reached the held-out scenarios: the share of the family’s
held-out evolved rollouts (scenarios valid in every run) in which the run’s items for that family fired (a rule loaded, a skill opened),
and the run’s gain on the family. R3’s money rules, which name 5 files, loaded in none.

5.2 What the loop did
Cycles and verdicts. In the 4 evaluation runs /evolve recorded 39 cycles (Figure 15; run by run in Figure 16). Of
these, 14 were barren, most of them after the run had kept an item for every rule family; the other 25 swept 26 candidates
between them, one cycle sweeping 2. score.sh kept 18 and killed 5; for the other 3 it returned RERUN, and the /evolve
agent buried them without a verdict rather than sweep them again. A recheck was needed for 3 candidates, and 2 of
them were kept after it. Of the 1,818 sweep rollouts, 1,494 were spent on confirm sweeps, which only candidates that
had passed a screen paid for; every confirm sweep, with the runs it won net and its worst drop on one task, is drawn in
Figure 21.

What the runs learned. H9 is that independent runs learn the same families, in similar forms. It is supported: every
run kept an item for each of the four rule families, and none for the control (Figure 17, and every kept item in Table 7).
Every run but R3 chose the same scopes: shop/** for the changelog and the clock, shop/billing/** for money and
shop/plugins/** for exporters; they differed in form only for exporters, a gated skill in two runs and a rule in the third.
R3 narrowed its money and clock rules: instead of a folder pattern, their paths name a short list of individual files,
so the rules load only when the agent reads one of those files. Its held-out result shows what that cost. Its first money
rule covered shop/billing/**. The confirm sweep, over the 3 tasks then in the suite, won 5 runs and lost none, but
exposure was unknown in 7 of its rollouts, so score.sh returned RERUN (Section 3.4). The /evolve agent buried the
rule and, in the next cycle, proposed a narrower one. It and a later rule name 5 files between them, and the gates kept
both. They loaded in 0 of the run’s 30 held-out money rollouts, where the run’s money pass rate stayed at 26.7% in
both arms; the other runs’ money rules loaded in at least 28 of 30. Its clock rule on shop/** was killed when a task the
live harness passed in all its runs lost one run in the confirm and another in the recheck (gate 3). The rule that replaced
it names 3 files and loaded in 10 of 30 held-out clock rollouts, and the run’s clock pass rate fell from 56.7% to 50.0%.
The gates judge a candidate on the tasks the loop has harvested, where these rules did load. Nothing in them can see
that a scope is too narrow for tasks the loop has not yet met.

30



The tier rubric. H3 is that every kept item lands in a sensible tier and fires mainly in its own family’s work. The lab
scored each kept item on three criteria: its form fits how it loads (a skill fired at least once, a rule has paths); its scope
is limited (it has paths, or is a skill); and it fires more often on its own family’s rollouts than on the others’. The margin
was every item scoring three of three. Of the 18 kept items, 15 did, so H3 is not supported. Every item that failed is
a rule on shop/** and failed only the third criterion. Rules on shop/** load on almost every task of every family (in
93% to 100% of rollouts), and the 4 that passed it did so narrowly, firing on their own family at most 1.25 points more
often than on the others.

Loaded or chosen. Of the 18 kept items, 16 are rules (Figure 18). The other 2 are skills, each an exporter checklist
gated on shop/plugins/**. A gated candidate, in its own sweeps and in the gate test, was listed to the agent in 66
rollouts and opened in 28; an always-on candidate, likewise in its own sweeps and in the gate test, was listed in 198 and
opened in 0. Elsewhere such a skill was opened, but rarely: the gate test’s placebos that were planted unchanged in the
prune test were listed there 1,263 times and opened 46. A rule needs no such decision: it is in the context whenever
the agent reads a file it covers. The gate test and the ablations below meet the same asymmetry.

A rule is loaded

the agent reads a file

in its paths

it enters the

context, unasked

present whenever its

files are read

Claude Code injects the rule when a matching file is read: nothing to choose, nothing to skip.

Cortex infers this from the reads; it is documented behaviour, not a measured rate.

A skill must be chosen

its description is

offered to the agent

the agent decides

whether to open it

invoked:

its body is read

ignored: listed, body

never readGated skills, offered once their files are touched: invoked in

28 of 66 rollouts that listed one (4 candidates, loop and gate test).

Always-on skills, offered every turn: invoked in 0 of 198 rollouts

(25 candidates, loop and gate test).

What survived

KEPT ACROSS 4 RUNS

16 rules 2 skills

Every kept skill is gated, to

shop/plugins/**. No

always-on skill survived.

Swept: 22 rules, 3 gated

skills, 1 always-on skill,

never invoked.

Figure 18: A rule is loaded; a skill must be chosen. Claude Code injects a path-scoped rule whenever the agent reads a matching
file. A skill is offered by its description, and its body enters the context only if the agent opens it: in their own sweeps and in the
gate test, path-gated candidates were opened in some of the rollouts that listed them, and always-on ones in none. Of the items the
loop kept, 16 are rules and 2 are path-gated skills; most candidates were rules too.

5.3 The gates against known answers
The verdicts. The gate test ran 29 candidates with known answers through the real pipeline (Section 4). H5 is that the
gates are calibrated: they rarely keep a placebo, kill every harmful candidate, and keep at least 3 of the 4 known-good
ones. None of the 20 placebos was kept; with so few candidates, the rate at which the gates keep placebos could still
be as high as 17% (the upper end of a two-sided Clopper–Pearson 95% CI). None of the 5 harmful candidates was kept
either, but score.sh killed only 2 of them and reached no verdict on the other 3 (below). And 2 of the 4 known-good
candidates were kept, short of the 3 the margin required. H5 is not supported. Fisher’s exact test, which asks whether
the known-good candidates were kept more often than the placebos, gives 𝑝 = 0.022.

What decided them. Table 6 gives each kind of candidate’s verdicts. No placebo was opened on its screen: each was
listed in all 8 candidate rollouts and invoked in none. score.sh killed 12 of them for never firing (gate 5) and returned
RERUN for the other 8, whose screen tasks failed in every run of both arms, so that no gain was possible; the test’s
procedure, which stops at the screen, recorded all 20 as KILLs. In all, 10 candidates (7 placebos, 2 harmful skills and 1
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known-good skill) showed a positive gain on their screen although the agent never opened them, 9 of them by a single
run on a single task. Gate 5, which asks that a candidate fired, turned them away, not their gain.

Harm was not tested. The 2 harmful skills were never opened and fell to gate 5, like the placebos. The 3 harmful
rules loaded in every candidate rollout of their screens, but a harmful item shows itself only on a task that passes without
it, and their screens ran, as screens do, on failing tasks. One screen included a task that passed without the rule, and
the rule broke it; score.sh still returned RERUN, because no task in that screen could show a gain. The test therefore
shows that the gates never keep what never fires, not that they catch harm. In the loop itself, 2 of the 5 KILLs failed a
regression gate, and 1, the clock rule of R3 above, failed nothing else.

The positives. The known-good candidates split along the tier line: the rule and the gated skill were kept, and the 2
always-on skills, never opened on their screens, were lost.

Do the gates add value? H6 is that they do: a harness that also keeps what the loop buried should be no better
than evolved, and the margin asks that the upper end of its difference’s interval be below +5 points. accept-all,
R2’s harness plus the one candidate that run buried, scored −8.9 points against evolved [−16.1, −1.7], an interval that
resamples scenarios only, since the arm ran in a single run. That meets H6’s margin, though the permutation test, at
𝑝 = 0.075, does not by itself rule out chance. That candidate, a second clock rule, was not buried by a gate: both arms
passed every run of its screen, score.sh returned RERUN, and the /evolve agent buried it as overlapping a live rule.
The loss falls on families A (−13.3) and C (−17.8) more than on E (−4.4), the family the added rule is about. The rule,
on shop/**, was in context in every A and C rollout, so it could have caused the loss there, but the arm also ran in a
later batch, so part of the difference may be the shift between batches. The margin is met, but it rests on one burial the
/evolve agent made, not on the gates, so H6 is inconclusive.

5.4 What the harness costs
Always-on context. Two hypotheses concern this cost. H8 is that evolved comes within 10 points of the better of
two harnesses that know all four rules, kitchen and ideal, while putting fewer characters into every turn’s context.
H7 is that the scopes earn their place: flat, the same texts without their paths, puts more text into every turn and is no
better (the upper end of its difference’s interval below +5 points). Figure 19 places each arm of R1 by its pass rate on
the rule families and by the characters it puts into every turn’s context. The rates are over every scenario valid in that
run, one more than the set valid in every run, so they differ slightly from those of Section 5.1. evolved’s pass rate was
87.5%, with no always-on text beyond the 559-character CLAUDE.md that every arm has. kitchen, which appends the
contribution guide to that file (2,519 characters in all), reached 76.4%, 11.1 points lower [0.0, +22.5]; flat, evolved’s
texts with every scope removed (1,688 characters), 75.0%, 12.5 lower [−1.7, +28.3]; and ideal, written by hand with
the four rules known (728 characters), 48.6%, 38.9 lower [+20.0, +58.1]. evolved scored higher than both harnesses
that knew the rules, though against kitchen the interval reaches zero, and it put less always-on text into every turn than
either, so H8 is supported; flat put more text into every turn and was no better, so H7 is supported. These arms ran
in one later batch together with none2, after the primary arms, and their intervals resample scenarios only. Across that
same boundary, the A/A pair differed by −4.2 points on the rule families [−9.2, 0.0], in the direction that would widen
every gap above.

Money and time. Costs are in US dollars, as Claude Code reported them for each call. In R1 to R4 a held-out rollout
cost $0.121 on average with no harness and $0.149 with the evolved one, 23% more, and took 22.1 turns instead of
18.2 and 68 s instead of 57 s. The rise was largest on the exporter family (38%), smallest on the control family (5%),
and 12% to 22% on families A, B and E. Under Claude Sonnet 5 the harness of R1 made a rollout cheaper, $0.205
against $0.228. Running the loop cost each evaluation run $32.76 to $128.78 in sweep rollouts, R3 the most, and $2.39
to $4.09 for the /evolve agent’s own turns, beside $10.08 to $11.78 for the scripted sessions it learned from.

Where the words reached the agent. The families show the tier asymmetry again. flat passed every A, B and E
rollout but 0% of C: without its paths, the exporter checklist became an always-on skill, listed in every C rollout and
opened in none (evolved passed 70% of C). ideal wrote its advice on the changelog and on the clock as always-on
skills; each was listed in all 90 of the arm’s held-out rollouts and opened in none, and families A and E stayed where
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What each harness costs

one run's arms (R1): pass rate on the rule families, against the

characters every turn carries
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evolved

none −66.7

none2 −70.8

kitchen −11.1

ideal −38.9

flat −12.5

desc-only −13.9

evolved its variants no harness written by hand

Figure 19: What each harness costs, in R1: pass rate on the
four rule families against the characters present in every turn’s
context. Filled blue is the harness the loop evolved; hollow blue,
its texts with every scope removed (flat) or every skill body re-
placed (desc-only); grey, no harness (none), measured twice;
navy, the two harnesses that state the rules outright: kitchen,
the contribution guide appended to CLAUDE.md, and ideal, writ-
ten by hand. Beside each arm, its difference from evolved, in
points.

The same harness, two models

the harness of R1 on the held-out scenarios: pass rate,

from none to evolved

Claude Haiku 4.5 the model it was evolved with

all four +66.7

A · changelog +100.0

B · money +63.3

C · exporter +70.0

E · time +33.3

Claude Sonnet 5 a stronger model

all four +5.6

A · changelog +5.6

B · money 0.0

C · exporter +11.1

E · time +5.6

0% 25% 50% 75% 100%

gain

none evolved

Figure 20: The harness of R1 on the held-out scenarios, under
the model it was evolved with and under a stronger one. Each
line runs from none (grey) to evolved (blue), and the number
beside it is the gain in points. Under the stronger model, little
is left to gain.

none left them (0% and 56%, against 0% and 57%). In R1, what mattered was not who wrote the advice but how it
was offered: tied to the files a task touches, as a rule or a gated skill, it reached the agent; offered on every turn as an
always-on skill, it was not opened.

The description alone. H11 is that a skill’s description, the line the agent sees in the listing, carries much of the skill’s
effect by itself; the margin puts “much” at 50% or more of evolved’s gain. desc-only tests it: it keeps each skill’s
description and replaces its body with neutral filler. Over the four families together it recovered 79% of evolved’s gain
[58%, 100%], but it could rewrite only 1 of R1’s 4 items; the rest are rules and kept their words. In C, the one family
whose skill was rewritten, the arm recovered 16% [0%, 56%], below half. The description still got the rewritten skill
opened, in 16 of 18 C rollouts, but with filler in place of its body C’s pass rate was 11%, against 70% for evolved,
and its 2 passing rollouts were among the 6 that printed the replaced body through git (Section 7). One rewritten skill
cannot settle the question, and H11 is inconclusive.

5.5 A stronger model, and pruning
The same harness under two models. Under Claude Sonnet 5, the harness of R1 has little left to do (Figure 20).
none’s pass rate on the rule-family scenarios was already 88.9%, against 20.8% under Claude Haiku 4.5, and the harness
raised it to 94.4%: a gain of +5.6 points [−2.8, +13.9], against +66.7 [+51.7, +80.8] under the model it was evolved
with; each comes from a single run, over every scenario valid in it, so both intervals resample scenarios only. H13
is that after a model upgrade, re-measuring the harness finds items the weaker model needed that the stronger one no
longer does. /prune, in one pass at 𝑘 = 3 with its rollouts pinned to the stronger model, found 2 of the harness’s 4 items
removable, the money rule and the exporter checklist, so H13 is supported. Its margin asks for one such item, and the
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money rule is one on both measures: the stronger model passed every held-out money scenario with no harness at all.
Removing the changelog rule cost 5 runs; removing the clock rule cost 1, on a task the live harness had passed in every
run, where losing even one run keeps an item (Section 3.6). The exporter checklist that /prune removed is less certain:
it still showed the largest gain on the held-out scenarios, +11.1 [−11.1, +38.9] on C, and one pass at this 𝑘 cannot tell a
small effect from none. Under a stronger model, part of a harness evolved for a weaker one may be redundant, and one
pass of re-measurement flagged which part, within the limits of that pass.

Pruning against known answers. H10 is that /prune deletes planted useless items that fired, keeps the items that
are needed, and never deletes an item that never fired; the margin asks every planted item to get its expected verdict.
Under Claude Haiku 4.5, /prune kept all 4 of R1’s own items, as expected: removing any of them cost at least 9 runs
net. Of the 4 planted items it matched 2 (6 of 8 overall), so H10 is not supported. It deleted one placebo always-on
skill and skipped the gated skill that no task reaches, as expected. It kept the other placebo: in its sweep the agent
opened it in none of the 18 rollouts that listed it, so it could not have been deleted. The placebo got REJECT rather
than UNMEASURED because the conditions for REJECT are checked first (Algorithm 3), and 2 tasks lost runs when it
was removed. The last planted item, the always-on skill that the agent never opens, got no verdict. The margin asks for
UNMEASURED, which only a sweep can return, and the plan leaves out an always-on skill that never fired in earlier
sweeps, since no sweep could delete it (Section 3.6); the item stayed in the harness, but without the verdict the margin
asks for. No item that never fired was deleted.

5.6 A second repository
H14 is that the loop also helps on a repository that nobody in this study built. On structlog the loop found nothing to
learn. Its training harvested 8 tasks but only 1 lesson: in 7 of the 8 sessions the agent passed the project’s own tests and
its linter, at the version the project pins, at the first attempt. Nothing recurred, every /evolve cycle was barren, and
the loop kept nothing, so evolved was byte-identical to none and the benchmark on the 4 held-out tasks had nothing
to compare. With the two harnesses identical, H14 is inconclusive. At this correction rate the loop had nothing to do,
and the run says nothing about whether a learned harness transfers.

5.7 Predicting a verdict from a candidate’s text
The judge was off in every run; its predictions were replayed afterwards on each run’s candidates, never from a verdict,
but over the tasks on which each candidate’s own sweeps had recorded it in context (Section 3.7), so they are not
the predictions cortex scope would have made before those sweeps. H15 is that the judge’s relevance, the share of
the tasks a candidate would load on that the candidate is actually about, separates the candidates that are kept from
those killed on a regression gate, while breadth, the share of all tasks a candidate would load on, which needs no
judge, does not. To separate means that every kept candidate scores above every killed one. On the evaluation runs,
relevance did not separate the candidates score.sh kept from the 2 it killed on a regression (lowest kept 17%, highest
killed 75%), and neither did breadth (8% against 58%), so H15 is not supported. So few regression kills make a
thin comparison. Skipping the evaluation runs’ candidates below Cortex’s warning floor of 35% would have avoided
sweeping 3 candidates that were later buried, and lost 6 that were kept. H16 is that the judge’s predicted invocation
rate, how often it expects the agent to open a skill, tracks the rate measured in the rollouts; with so few skills, its margin
asks only that the predictions rank the skills in the same order as the measurements. The evaluation runs kept only 2
path-gated skills, so the test also takes the 2 that the development run kept. For these 4 skills the judge predicted a
higher invocation rate than was measured for 3, by up to 54 points. The rank order is preserved, which meets the letter
of the margin; but 3 of the 4 predictions are tied at the top, so the order rests on the remaining skill alone, and H16 is
inconclusive.

6 Related work
Cortex sits among systems that write and revise the text an agent reads, studies of whether such text helps a coding
agent, and the methods used to evaluate noisy agents and to build their tasks. Most of its parts have precedents; this
section says where, and what differs.
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Evolving what an agent reads. Agents that learn from experience keep what they learn as text: reflections on a
failed attempt [49], programs admitted to a library once a model judges the task done [51], insights kept or dropped
by a model’s votes [73], workflows induced from past trajectories [55], and itemised playbooks grown by small ed-
its [68]. Optimisers search over prompts and programs against a metric [1, 25], and over agent designs and an agent’s
own code [18, 42, 66]. The newest systems evolve the harness around a fixed model [9, 10, 12, 27, 30, 59, 65, 72] or
synthesise skills from trajectories [3, 34, 37, 45, 50, 53, 61]; some of them run in Claude Code itself, on public bench-
marks [3, 12, 61]. Cortex adapts DarwinX’s contract of extending without breaking what is preserved (Section 3.5),
and differs from much of this work in two ways. Its tasks come from one repository and one developer, not from a
benchmark. Its baseline is the live harness, measured again in the same sweep as the candidate, as HDSO’s control
arm is [45]; many systems instead compare a candidate with a score recorded earlier, such as cached outcomes without
the skill [34], the results of the current state reused until an update is accepted [53], or the best score so far [50, 59].
Its verdict is computed by a script, as the acceptance rules of SkillGen, SkillOpt and LiteEvo are [12, 34, 61], while a
model proposes what is tried, much as HarnessX’s critic chooses which candidates reach its deterministic checks [10].
In some systems a model takes part in the verdict itself: DarwinX’s promotions are adjudicated by a verifier agent [72],
and HDSO’s promotions include a review by its curator model [45]; model judges carry known biases, such as favour-
ing the answer shown first [75]. Noise makes these differences matter. In HarnessDev, when models evolved their own
harnesses, the score of one and the same version could move by nearly five points either way, only two of sixty-four
changes gained clearly beyond that noise, and the scores on the feedback tasks and on held-out tasks moved in the
same direction about half the time [58]. DarwinX’s score on its training subset saturated while its held-out score did
not [72]. R3’s narrowed money and clock rules are a small instance of the same gap: they loaded on the tasks the loop
had harvested, but in 0 of the run’s 30 held-out money rollouts and 10 of its 30 clock ones (Section 5.2).

Crediting and retiring an item. That an edit can be selected without ever reaching the model is known. In Demo-
Evolve’s experiments, the harness that a self-rollout baseline selected was credited with a gain, yet the hook it added
appeared in none of the model requests the authors inspected [9]; and in HarnessDev’s coding domain, about one in six
of the components that models wrote into their own harnesses was never observed to trigger [58]. Some systems and
studies record exposure. HarnessX’s change manifests name a trace feature that must appear if an edit fired, which its
critic checks after shipping [10], and HDSO logs each request for a skill’s full text [45]. SkillMAS credits only skills
that were invoked or whose steps appear in the trace, uses the credit to rank skills, and holds a new skill in a valida-
tion pool until later rounds show enough use of it [39]. Skill-Use credits a skill’s execution only once it is triggered,
and measures its effect on the runs that triggered it [17]. Skill Following compares matched runs with and without
skills only on the tasks where the agent retrieved one, and on coding tasks finds this effect negative for several models
that appear to gain when tasks with and without retrieval are compared [11]; a review of such designs cautions that
restricting a paired comparison to the tasks where the treated run triggered a skill does not by itself identify the effect
of invoking it [69], and Cortex’s exposed tasks are likewise defined by what happened in the arm where the item exists
(Section 3.4). LiteEvo drops a new processor that never fires when replayed, much as Cortex refuses a candidate that
never fired, and shows its curating model which deployed components never fired [12]. WikiSkill sets the question
aside by placing every skill in the prompt in full [50]. SLIM decides whether to retire a skill from a comparison with
and without it restricted to the validation tasks on which it was loaded, and leaves a skill alone until it has been loaded
often enough [47]; we found no system that applies the same restriction when deciding whether to add an item, or that
lets unknown exposure block a verdict. Deletion rules mostly retire what looks weak: a small measured effect [54],
failure evidence from enough runs that used a skill [56, 70], a negligible effect of removing it on the tasks that loaded
it [47], low utility in recent calls [41], an insight whose votes fall to zero [73], low-utility entries once the context grows
too long [68], or a component whose edits have stopped gaining [59]. A Shapley valuation of a skill’s parts, which
separates content from context cost with length-matched padding, prunes the parts of lowest value first [28]. SkillRe-
ducer, which compresses skills rather than deleting them, reads a skill that never triggers as a sign of obsolescence [15]:
the opposite reading to UNMEASURED. SLIM comes closest to UNMEASURED in mechanism [47] (Section 3.4);
the argument behind it is made most explicitly by a study of skill retirement for physical agents after model upgrades.
When clauses were deleted because the tasks that authorised an action still passed without them, safety conditions
those tasks never exercised, such as consent, were left untested: an “unmeasured support gap” [64]. Its remedy is to
build counterfactual tasks that exercise the condition; Cortex keeps the item and suggests harvesting a task that needs
it. An analysis of why instruction files only grow makes a related point: age and rare triggering alone do not make an
instruction outdated [8]. Two observations bear on /prune’s one-at-a-time removals: of two redundant instructions,
each looks removable alone [8], and an item judged in isolation can mislead, because its effect depends on what else is
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loaded [71, 74].

Context files, rules and skills. Whether repository context helps a coding agent is contested. Context files written
by a model lowered task success slightly and files written by the repositories’ developers raised it marginally, neither
change significant, while both raised cost, the model-written ones by about a fifth [16]; an ablation with Claude Code
and Codex on real repositories, which delivered repository guidance either always on or as topic files the agent retrieves
on demand, found that the delivery strategy had no measurable effect on correctness [24]. In Claude Code, on the SWE-
bench Verified tasks it solved only sometimes, randomly drawn community rule files did as well as curated ones, which
the authors read as the presence of rules mattering far more than their content [71]. A comparison with and without
an item can therefore reward text as such, and a placebo candidate is the control for that. Cortex’s placebos, all always-
on skills, were never opened on their gate-test screens (Section 5.3), so its gates never faced a placebo that loads. A
repository’s guidance file, tuned with synthetic probes, raised the resolve rate of the model that tuned it; for a second
model, in one run each, the guidance tuned on the first more than halved the resolve rate, and its own tuned guidance
did no better than none [48]. Skill Issue, the closest in setting, optimised one skill file per repository for Claude Code
on tasks mined from the repository’s history, with gains that its tasks could not separate from noise [26]; DeltaSelect’s
author tested edits to the skills and instructions of a Codex-based harness on eight tasks, one run each, and kept changes
by judgement [13]. On loading, Skill-Use finds triggering a skill and following it to be separate bottlenecks, and that
placing a skill’s full text in context mainly helps the agent recognise it as relevant [17]. An agent given workflows as
extra actions called them in fewer than a fifth of tasks [55]. In a benchmark whose skill library grows, GPT-5-based
systems, Codex among them, invoked almost none of the skills offered at the final stage; given only each task’s own
skills, Codex invoked most of them, and Claude Code, counted by the files it read, about one in seven [23]. In Claude
Code, on one coding task, an agent given a memory store seeded with facts relevant to the task never chose to consult
it, while the same facts, injected by the harness on matching triggers such as file paths, arrived in every run [43]. Text
placed in context can also hurt: on web development tasks, injecting a relevant skill lowered the average pass rate of
all four models tested, and for two of them an irrelevant skill of the same length accounted for most of the loss [62].
Cortex meets the same division, between text that is loaded and text the agent must choose, inside its acceptance loop,
where 16 of the 18 items kept were rules (Section 5.2).

The harness and the model. The benefit of an evolved harness need not grow with the model’s strength: in one
study it peaked at a model of middling strength, and the strongest gained little, consistent with its already solving many
of the tasks [31]. Planning acts as a scaffold for weaker coding models and mainly saves cost for stronger ones, and
predefined tools help weaker models, while models fluent in the shell do as well, more cheaply, with the shell alone [14].
A harness is argued to be specific to its model [30, 65] and to need re-adapting when the model changes [30], although
AHE’s own evolved harness, moved unchanged to other base models and to other reasoning settings of its own model,
still gained on each [30]. For data agents, many layers that compensate for a model’s weaknesses are expected to be
absorbed by the model, while knowledge of the environment keeps its value [40]. DarwinX notes that a behaviour
the model internalises leaves the corresponding harness edit as dead weight, and that how much of a harness survives
a change of model has not been measured [72]. Cortex’s items hold knowledge of the second kind, the conventions
of one repository; yet under a stronger model, which already passed most rule-family scenarios unaided, the harness
gained little, and one pass of re-measurement flagged 2 of its 4 items as removable (Section 5.5).

Measuring under noise. Run-to-run variance in agent evaluations can be as large as the improvements papers report:
ten runs of each of six agent configurations on SWE-bench Verified, at two temperatures, spread their single-run scores
over two to six points [7], and a byte-identical re-run at temperature zero changed six of seventy outcomes [44]. The
remedies are repeated samples and paired comparison question by question [36, 52], which Cortex’s sweeps apply. For
accepting a change, PACE shows that accepting every prompt edit that raises the score commits many that an audit
later labels false, and proposes sequential tests that remain valid whenever they are stopped [46]; EvoPathBench finds
that the selection of candidates, more than their generation, limits self-evolving agents [29]. Some loops estimate a
noise band from repeated runs: RRSI does not let a gain inside it admit a coding candidate on its own [59], and LiteEvo
reverts a candidate only when it falls below the best score by more than a margin that includes the band [12]. PACE also
tests its acceptor against a known answer, a harmful instruction planted for the proposer to remove, in prompt evolution
on arithmetic and science questions; its other runs, like EvoPathBench’s, score real proposals on held-out data the
acceptance rule never saw [29, 46]. Irrelevant skills of matched length have served as comparison arms [20, 62]; we
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know of no study that plants placebo candidates in a coding agent’s acceptance pipeline to count how many it keeps.

Tasks, and what a sandbox leaks. Cortex’s tasks follow SWE-bench’s format, with a check that fails before the fix
and passes after it [22]; benchmarks now refresh such tasks continuously [6, 67], and build them for training from real
issues [38] or synthesise them at scale [60]. Tasks drawn from real use are recent: REAP builds them from developers’
sessions with a production coding assistant in one monorepo [21], and SWE-Together reconstructs them from public
user–agent sessions, replaying the users’ corrections through a simulated user [57]. Both serve to compare agents. Skills
distilled from each developer’s own sessions have been tested by replaying that developer’s held-out sessions with a
simulated developer [19], and a user’s corrections have been compiled into rules and runtime checks for Claude Code
and Codex [77]; neither decides what to keep by a measured comparison. Cortex harvests one developer’s sessions to
improve that developer’s harness, and writes the corrections into each task’s check. A task can give its answer away: in
about a third of the SWE-bench instances one agent resolved, the solution was stated in the issue or its comments [2],
and the agentic benchmark checklist asks that agents be kept from the ground truth [78]. The git-history route a rollout
can take (Section 7) is known. Terminal-Bench requires that a task’s repository not contain its future commits [35].
Audits of agent trajectories find agents reading future fixes in the local git history, less often but still under an explicit
instruction not to [32], and single out git history as the main recurring route to passes not earned, in runs under Claude
Code among others [33]. Deleting a repository’s branches and tags leaves later commits recoverable, which is why
SWE-Bench Pro Verified rebuilds each repository as a single commit [76]; Skill Issue’s sandboxes go further and
remove the repository’s .git directory [26]. A related route has been noted for solutions: a tool that shows the local,
uncommitted diff can reveal a solution backed out of the working copy [21]; Section 7 reports the same route for harness
items.

What is new. Paired gates with a net threshold [34, 45], a no-regression guard [10, 65], context cost as an objective [15,
27], measured deletion [47, 54], retiring a skill only after enough exposure [47, 70], an acceptor tested against a planted
known answer [46], and the case for re-testing a harness when its model changes [30, 72] all have precedents. To our
knowledge, what this paper adds is their combination for one developer’s repository and three things we did not find
elsewhere: the same exposure rule for adding an item and for deleting one, so that both verdicts compare the harness
with and without the item only on the tasks where it entered the context, with unknown exposure blocking either verdict
(SLIM applies such a comparison to retirement alone [47]); a coding agent’s acceptance pipeline tested with planted
placebo and harmful candidates as well as known-good ones; and Claude Code’s loaded rules and agent-chosen skills
compared as tiers inside the loop that decides what to keep. AHE’s evolving agent also chooses between a system
prompt that applies to every task and skills loaded on demand, but its analysis of where the gain lies does not compare
the two [30].

7 Limitations
One repository, built for the purpose. The lab, its house rules, its tasks and its checks all come from the same hand,
and the lab was calibrated so that the model had room to improve: before its first session, scenarios the model already
solved unaided were redesigned until it broke the rule. The four house rules are ones a machine can check, and the one
with the largest gain, family A’s, is checked only by whether the changelog gained a line. Of the 30 held-out scenarios,
15 were written after the development run (Section 4), when the items it had kept were known; they were written from
CONTRIBUTING.md and the family definitions alone, never from an evolved item. Conventions that need judgement to
check are not tested at all. The results show that the loop learns conventions of this kind, in a repository of this kind;
they do not show that it learns others.

A small model’s gain. Every primary number is Claude Haiku 4.5’s. Under Claude Sonnet 5, the harness of R1
gained +5.6 points [−2.8, +13.9] where it had gained +66.7, because the stronger model already followed most of the
house rules without a harness (Section 5.5). In this study, what the loop was worth followed how often the model broke
the conventions; a single harness under a single stronger model is too little to say how it varies across models.

No result on a real repository. On the one repository we did not build, the agent was rarely corrected, so nothing
recurred and the loop kept nothing, and its benchmark had two identical harnesses to compare (Section 5.6). Whether
a harness that Cortex learns in a real repository helps on tasks drawn from real work there is untested.
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Scripted corrections, and few runs. The developer in the lab is a script: it replies to each mistake in the same words
every time, and never misreads a change or changes its mind. There were 4 evaluation runs and 1 control run, so the
variation between runs rests on few runs: the bootstrap can draw only a few distinct sets of runs, and its intervals may
understate how far a further run could fall, as R3 fell below the others (Section 5.1). With 1 control run, a test that
permutes runs cannot give H4 a 𝑝 below 0.2, so its verdict is descriptive. The loop’s confirm sweeps ran each task 3
times per arm, and the ablation arms each held-out scenario 3 times, where a single lost run can be luck; the recheck
exists for that reason, and the ablations’ intervals are wide.

What measurement costs. Every verdict is paid for in rollouts (Section 5.4). The costs reported there are Claude
Haiku 4.5’s prices on this repository’s small tasks; a larger repository, a dearer model or a larger 𝑘 would cost more.

What a rollout could read. A sandbox isolates what is on disk, not what is in git. The clone keeps the repository’s
history, so a rollout could find earlier tasks’ fixes in past commits, and a replayed training scenario could find the later
commit that fixed it in its session. And when an item’s file is already tracked at the commit a rollout starts from, an
arm that lacks the item sees git status list that file as deleted, and git diff prints its text. In the lab neither route
reached a held-out scenario’s fix, which was never committed to the lab’s repository. Under Claude Haiku 4.5 the first
route was rare: 2 of the 1,809 loop rollouts that could be checked printed a harvested fix or the task store. The second
was not: of the 595 held-out none rollouts, 112 saw the run’s items named by git status and 2 printed an item’s text,
and on the rule families the rollouts that saw the names passed less often (9.7% of 93, against 23.6% of the 382 that did
not). Under Claude Sonnet 5 reading an item’s text was common, in 67 of the 168 none rollouts, held-out and training
together, and in 72 of the 300 removal rollouts of /prune, but the none rollouts that read one did not pass more often
than those that did not, and for the items found removable, the removal rollouts that read the removed item passed less
often (28 of 35, against 110 of 115). On structlog, 1 of the 8 training sessions and 19 of the 40 benchmark rollouts read
the upstream fix through git, so that run does not show an agent working unaided. A sandbox repository that holds a
single commit, with the harness installed as untracked files, would close both routes.

No independent replication. No one else has yet repeated the study.

8 Conclusion
A coding agent’s harness is text that a developer edits by impression, and a single run of the agent is too noisy to say
whether an edit helped. Cortex treats the harness as something to measure. It turns the developer’s own sessions into
tasks, keeps a skill or rule only if a repeated comparison with the live harness, task by task, shows a net gain and no
task that collapses, and deletes one only if removing it costs nothing measurable. One principle runs through both
directions: an item is credited or blamed only where it entered the agent’s context, so a candidate that never fired is not
kept, and an item that never fired is not deleted.

In a replicated evaluation with Claude Haiku 4.5, in a repository built so that the model had conventions to learn,
the loop learned them. On held-out scenarios it never saw, the harnesses evolved by 4 independent runs beat no harness
by +55.0 points on the four rule families (95% CI [+34.1, +74.1]) and moved the control family by −0.8 points. They
added no text to what the agent reads on every turn. In the run that measured it, how the advice was offered mattered
more than who wrote it. A rule enters the context whenever the agent reads a file it covers, and most candidates, and 16
of the 18 items kept, were rules. A skill’s body enters only if the agent opens it: the always-on skills written by hand
for the ideal arm were listed in all 90 of its held-out rollouts and opened in none, and their families stayed where no
harness left them. Advice reached the agent when it was tied to the files a task touches, but not so narrowly that new
tasks missed it (Sections 5.2 and 5.4).

The results are as clear about where the loop stops. Its gates kept none of the 20 placebos and none of the 5 harmful
candidates. But on their screens the agent never opened the placebos or the harmful skills, and the screens of the
harmful rules could show no gain, so the test shows that the gates never keep what never fires, not that they catch harm.
Only 2 of the 4 known-good candidates were kept; the 2 always-on skills, never opened on their screens, were lost.
Under Claude Sonnet 5, which already followed most of the house rules unaided, the harness of R1 gained +5.6 points
(95% CI [−2.8, +13.9]) where it had gained +66.7 points under Claude Haiku 4.5. One pass of /prune at 𝑘 = 3,
with its rollouts on that model, flagged 2 of the harness’s 4 items as removable, though one pass at that 𝑘 cannot tell
a small effect from none. In this study, what the loop was worth followed how often the model broke the conventions.
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On structlog, the one repository we did not build, the agent was rarely corrected, nothing recurred, and the loop kept
nothing. The positive result therefore rests on one synthetic repository with house rules a machine can check, a scripted
developer and one small model. Cortex’s optional judge, replayed afterwards, did not anticipate the verdicts, on a thin
comparison (Section 5.7).

The next steps follow from these limits. The first is a real repository whose conventions the model does break, the
test this study could not run. The second is a test of harm, in which harmful candidates are swept, as in a confirm,
over tasks that pass without them as well as tasks they could help, so that a gate can see what they break. The third
is to run each rollout in a repository that holds a single commit, the broken state without the task store, with the
harness installed as untracked files, which closes both routes by which rollouts read what their harness did not give
them (Section 7). The fourth is conventions that need judgement to check, which a task’s script cannot decide alone;
measuring them without letting a model decide the result (Section 3.7) is an open problem. Cortex and the lab are at
https://github.com/samugit83/cortex: tag v1.0-eval is the system as evaluated, and tag v1.0.5 adds the lab’s
data and the scripts that regenerate every number in the paper from it, offline. The data are rows exported from the
runs’ records and from Claude Code’s session records; the records themselves are not released.
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A Further results
This appendix gives the detail behind Section 5: the gate test by kind of candidate (Table 6), every confirm sweep of
the loop (Figure 21), every item the loop kept (Table 7), and every held-out scenario under every arm of the evaluation
runs (Figure 22).

Table 6: The gate test by kind of candidate. 𝑛 is the number of candidates of that kind. Fired counts the candidates that fired at
least once on their screen (a skill opened, a rule loaded). KEEP, KILL and RERUN are score.sh’s verdicts, after the confirm sweep
for the candidates that reached one; the last column is the verdict the test’s procedure recorded, which stops at the screen when the
gain is not positive or the candidate never fired. The harmful rule small-changes-need-no-changelog has no paths and loads on
every turn.

Candidate Tier 𝑛 Fired KEEP KILL RERUN Recorded KILL

placebo, about a topic always-on skill 10 0 0 7 3 10
placebo, about a moment always-on skill 10 0 0 5 5 10
harmful rule 3 3 0 0 3 3
harmful always-on skill 2 0 0 2 0 2
known-good rule 1 1 1 0 0 0
known-good gated skill 1 1 1 0 0 0
known-good always-on skill 2 0 0 1 1 2

Every confirm sweep of the loop

R1 to R4: the runs each candidate won net, and its worst

drop on one task; the mark is the candidate's final verdict

net runs won worst drop

−4 0 4 8 12 16

gate 4: at least 2

R3 exporter-checklist-v2 0

R1 billing-helpers 0

R3 rate-helpers-narrow 0

R4 billing-rates-helpers 0

R2 exporter-docs-and-golden 0

R3 shop-clock-access 1/3, protected

R1 changelog-requirement 0

R3 changelog-user-facing 0

R3 shop-clock-narrow 0

R4 shop-changelog-reminder 1/3, protected

R1 shop-clock-rule 1/3, protected

R2 changelog-user-visible 0

R2 shop-clock-not-datetime 0

R4 shop-clock-queries 1/3

R2 billing-exact-arithmetic 0

R3 use-rate-helpers 0

R4 exporter-checklist 0

R1 exporter-checklist 0

R3 changelog-shop-reminder 0

R3 billing-rate-helpers 0

R3 exporter-checklist 0

R3 text-utilities-correctness 2/3, protected

KEEP KILL RERUN, buried by the agent

rechecked before its final verdict

protected: a task the live harness passed in every

run lost a run (gate 3)

Figure 21: Every confirm sweep of /evolve in the 4 evalua-
tion runs, scored again from its rollouts: the runs the candidate
won net (𝑘𝑁 in Equation (3)) and its worst drop on one task
(𝐷), marked by the candidate’s final verdict (KEEP a dot, KILL
a cross, RERUN a hollow circle), after a recheck where one
ran. The dashed line is gate 4’s threshold. use-rate-helpers,
whose sweep score.sh left unscored and the /evolve agent
buried, sits among the KEEPs.
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Table 7: Every item the loop kept in the 4 evaluation runs. Chars is the item’s length; none is always-on, since every item has paths.
Fires is the share of the run’s evolved benchmark rollouts, held-out and training, on the item’s own family and on the others, in
which it fired (a rule loaded, a skill opened): the tier rubric’s third part. Score is how many of the rubric’s three criteria the item
meets, out of three (Section 5.2). Held-out counts the family’s held-out evolved rollouts, on the scenarios valid in every run, in
which the item fired.

Fires (%)

Run Fam. Item Form Scope Chars own other Score Held-out

R1 A changelog-requirement rule shop/** 518 98 97 3 25/25
R1 B billing-helpers rule shop/billing/** 317 96 21 3 28/30
R1 C exporter-checklist skill shop/plugins/** 1,135 100 0 3 30/30
R1 E shop-clock-rule rule shop/** 327 98 97 3 29/30

R2 A changelog-user-visible rule shop/** 529 98 97 3 25/25
R2 B billing-exact-arithmetic rule shop/billing/** 564 98 18 3 30/30
R2 C exporter-docs-and-golden rule shop/plugins/** 427 100 0 3 30/30
R2 E shop-clock-not-datetime rule shop/** 353 93 98 2 27/30

R3 A changelog-shop-reminder rule shop/** 261 100 99 3 25/25
R3 A changelog-user-facing rule shop/cli.py,

shop/formatting.py,
shop/report.py

334 100 8 3 25/25

R3 B billing-rate-helpers rule shop/billing/shipping.py,
shop/billing/refunds.py

510 13 0 3 0/30

R3 B rate-helpers-narrow rule shop/billing/tax.py,
shop/billing/discount.py,
shop/billing/fx.py

380 19 0 3 0/30

R3 C exporter-checklist-v2 rule shop/plugins/*_export.py 621 100 0 3 30/30
R3 E shop-clock-narrow rule shop/billing/invoice.py,

shop/cart.py, shop/orders.py
335 43 28 3 10/30

R4 A shop-changelog-reminder rule shop/** 616 98 98 2 25/25
R4 B billing-rates-helpers rule shop/billing/** 823 100 18 3 30/30
R4 C exporter-checklist skill shop/plugins/** 940 83 0 3 26/30
R4 E shop-clock-queries rule shop/** 574 93 99 2 27/30
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Every held-out scenario, in every arm of R1 to R4

pass rate of each held-out scenario in the run that measured the arm; none and evolved at k = 5, the other arms at k = 3

R1 R2 R3 R4 R1, later batch R2

none evolved none evolved none evolved none evolved none2 kitchen ideal flat desc-only accept-all

A · changelog

HA1 0 100 0 80 0 100 0 80 0 67 0 100 100 33

HA2 0 100 0 100 0 100 0 80 0 67 0 100 100 67

HA3 0 100 0 100 0 100 0 100 0 33 0 100 100 100

HA4 0 100 0 100 0 100 0 100 0 67 0 100 100 100

HA5 0 100 0 100 0 100 0 100 0 67 0 100 100 100

HA6 0 100 0 100 0 100 excl. excl. 0 33 0 100 100 100

B · money

HB1 0 60 0 100 0 0 0 100 0 100 100 100 100 100

HB2 40 100 0 100 40 40 40 100 0 100 100 100 100 100

HB3 0 80 0 100 0 0 20 100 0 100 100 100 67 100

HB4 20 100 20 100 20 20 0 100 0 100 33 100 67 100

HB5 100 100 100 100 100 100 100 100 100 100 100 100 100 100

HB6 0 100 20 100 0 0 0 100 0 67 100 100 100 100

C · exporter

HC1 0 40 0 60 0 0 0 20 0 33 33 0 0 33

HC2 0 100 0 60 0 40 0 60 0 67 33 0 0 33

HC3 0 80 0 60 0 20 0 60 0 67 100 0 0 33

HC4 0 100 0 80 0 100 0 80 0 100 67 0 0 67

HC5 0 60 20 80 20 80 0 20 0 100 33 0 67 67

HC6 0 40 0 0 0 0 0 0 0 0 33 0 0 0

E · time

HE1 100 100 100 100 100 100 80 100 100 100 100 100 100 100

HE2 0 40 20 60 0 0 0 80 0 67 0 100 100 100

HE3 100 100 80 100 80 80 100 100 100 100 100 100 100 100

HE4 40 100 40 100 60 20 20 100 0 100 33 100 100 67

HE5 0 100 0 100 0 0 0 80 0 100 0 100 67 67

HE6 100 100 100 100 100 100 100 100 100 100 100 100 100 100

D · control

HD1 100 100 100 100 100 100 100 100 100 100 100 100 100 100

HD2 100 100 100 100 100 100 100 100 100 100 100 100 100 100

HD3 100 100 100 100 100 100 100 100 100 100 100 100 100 100

HD4 100 100 100 100 100 100 100 100 100 100 100 100 100 100

HD5 100 100 100 80 100 100 100 100 100 100 100 100 100 100

HD6 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Figure 22: Every held-out scenario under every arm of the 4 evaluation runs: the pass rate of each scenario, in percent, in the run
that measured the arm, darker for a higher rate. HA6 was excluded from R4 in every arm (Section 4). R3’s money scenarios scored
the same under both arms: the run’s money rules loaded in none of those rollouts (Section 5.2).
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