ML READING CLUB NCR - SESSION 02

Survival of the
fittest agent

Darwin Godel Machine: Open-Ended Evolution of Self-Improving Agents

Jenny Zhang, Shengran Hu, Cong Lu, Robert Lange, Jeff Clune. UBC, Vector Institute, and Sakana Al
arXiv 2505.22954 - ICLR 2026 - with Huxley GM and Red Queen GM - presented by S Akash

=== QUICK FACT The best agent in tonight’s paper was written by an agent that was written by an
agent.
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S Akash

GPU computing and efficient ML inference. EEE, IIT Patna.

CERN Vendor agnostic GPU code generation for TMVA SOFIE.

IIT PATNA SUMMIR, in collaboration with Microsoft (ECIR 2026).

LLVM Developers’ Meeting poster: heterogeneous dispatch.
vLLM Enabled DeepSeek-V2-Lite-Chat FP8 in tpu-inference.
AUTOSTEP  Founding engineer (YC S25). Agent infrastructure.

FINC Alumnus of Founders, Inc.

ON STAGE  TOKEN2049, HK Web3 Festival, ETHSingapore (top five).

FIND ME

GITHUB LINKEDIN
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ek 4

WEBSITE

=== QUICK FACT My day job is building exactly the scaffolding tonight’s papers evolve. Skin in the game.
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Last time: RL didn’t teach your model to think

RECAP - SESSION 01 - SIXTY SECONDS

The result The reason The escape

RIVR sharpens; at large k the base Gradients reweight the policy’s Distillation, and evolutionary

overtakes. The solvable sets nest. own samples. They cannot mint search loops: novelty stored
new paths. outside the weights.

We closed asking: where will new machine reasoning come from? Tonight’s answer: freeze the
weights, and put the agent’s own code under evolution.

MISSED IT? FULL WRITEUP: akasxh.github.io/musings/post12.html
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Agenda

TONIGHT - ABOUT THIRTY MINUTES PLUS QUESTIONS

Part 1 Lineage: Go6del 2003, Darwin 1859 6’ Part 4 Descendants: Huxley GM, Red Queen GM 7’
Part 2 The machine: archive, mutate, select 6’ Part 5 Finale: the lineage in two graphs 2/
Part 3 The result: 20% to 50%, and the catch 7' Part 6 Our research: self-evolution for enterprise 3’

Reading: Huxley-Godel Machine (arXiv 2510.21614) - The Red Queen Godel Machine (arXiv 2606.26294)
- Schmidhuber’s Godel Machines (2003).
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A quick poll

BEFORE WE BEGIN - ASHOW OF HANDS

With its weights completely frozen, can an Al agent make itself a
substantially better software engineer, purely by rewriting its own
scaffolding code?

True False

NOTE YOUR ANSWER. WE RETURN TO IT AT THE END.
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A machine that proves its next self is better

PART 1 - LINEAGE - SCHMIDHUBER, 2003

The Godel machine may rewrite any part of itself, even its
own rewriter, but only with a formal proof that the rewrite
helps. Optimal in theory.

Problem solver
current code p

¢ inspects
In practice: does one more tool help a coding agent? It
depends on the model, the task, the setup. No proof exists becomes Proof searcher
either way; you have to try it the new self hunts theorems about p
; .
¢ F“u(p’) > u(p)”
For real Al systems, “provably beneficial” is Self-rewrite p — p’
ty ‘g/ > P Y ﬁ executed only with proof
an empty set.

THE 2003 BLUEPRINT: SELF-REFERENCE GATED BY FORMAL PROOF

=== QUICK FACT Named for Godel’s self-referential constructions of 1931. It waited 22 years for an heir.
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Darwin’s relaxation: replace the proof with a trial

PART 1 - LINEAGE - THE MOVE THAT MAKES IT PRACTICAL

Goédel machine, 2003 Darwin Gédel Machine, 2025
Accept a rewrite iff a proof certifies benefit. Accept a rewrite if it survives the benchmark.
Nothing ships without a theorem. Produced, trialed, selected.

The same move that powered last session: replace an unattainable judge with a checkable signal.
RIVR swapped the human for a verifier; the DGM swaps the theorem prover for SWE-bench.

The load-bearing assumption: benchmark score proxies self-improvement ability. Defensible, because
self-modification is a coding task on the agent’s own repo. Both descendants attack it. Hold on to it.

Survival of the fittest agent - ML Reading Club NCR -

7/25



What we borrow from Darwin

PART 1 - ONTHE ORIGIN OF SPECIES, 1859

VARIATION

offspring differ WHAT THE DGM BORROWS

== Variation — proposed code edits.

== Heredity — children branch from the parent’s
codebase. The genome is the code.

== Selection — the benchmark decides who reproduces.

TR SELECTION And one upgrade on biology: nothing goes extinct.
differences pass on the fit reproduce The archive is an immortal population; any ancestor

ANY SYSTEM WITH ALL THREE ADAPTS: FINCHES, BACTERIA, OR

can reproduce again tomorrow.

PYTHON REPOSITORIES
=== QUICK FACT Strictly, the DGM mutates like Lamarck (directed, acquired fixes inherited) and selects like
Darwin.
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The loop: select, self-modify, evaluate, archive

PART 2 - THE MACHINE - THE PAPER’S OWN OVERVIEW

1. Select a parent from the

Cotngagont archive.
Sy /' B e - Code it
select ‘ 2 Fostureto 29 9

g Sclimerowe improve itself
'

Archive

. Parent reads its own eval

instruction

4 logs, proposes a feature,
implements it in its own
Task repo g .
J gome A code — child.
Evaluate on S Vet Solvtask
benchmark B e Gitunissue) A 3. Evaluate the child on the
benchmark.
ZHANG ET AL. 2025, FIG. 1: THE DGM LOOP . . .
4. If it can still edit code,

archive it. Never delete.

=== QUICK FACT Self-improvement here is literally a GitHub issue the agent files against itself, then resolves.
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Keep every stepping stone

PART 2 - THE MACHINE - WHO GETS TO REPRODUCE

Si

T e BT T OB ONNO
Si N
> sl O, © © &

In words: a parent’s chance rises with its score, falls with the children it
new
already has, and never hits zero. ‘

best

Quality diversity, not hill climbing: a worse child is kept,

. THE PATH TO THE BEST AGENT (8) RUNS THROUGH A WORSE ONE
because its descendants may leapfrog everyone.

(5). GREEDY WOULD HAVE PRUNED IT.
One thing the DGM may not touch: this selection loop itself.

Remember that.
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The result: 20.0% to 50.0%

PART 3 - THE RESULT - BOTH BENCHMARKS
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ZHANG ET AL. 2025, FIG. 2: BEST-AGENT SCORE OVER 80 ITERATIONS. LEFT: SWE-BENCH. RIGHT: POLYGLOT. DOTTED: HUMAN-BUILT REFERENCES.

SWE-bench 20.0% — 50.0%, reaching the open-source SoTA. Polyglot 14.2% — 30.7%, far past Aider.
Ablations: no self-improvement tapers; no archive stalls. Both essential.
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Dips on the winning path

PART 3 - INSIDE THE RUN - THE BEST AGENT IS DOWNSTREAM OF TWO MISTAKES

DGM Progress

DGM Archive Tree
T T
SWE'“"‘E“,O 5 0.50 - Average of Archive
Score :
—=— Best Agent
0.45 + —%— Lineage to Final Best Agent \
] v ) 4‘ 04 g | History-aware
- g v patch generations
0.40 1 More granular file
0030500000000090020 ¢ S e e
| L c‘ l JIAN | [} replacement
o0 9 o000 ﬂ .b 03 5035 I
./’ c
0 10 tasks (no basic functionality} 3 Auto-summarize :::::L\z::?:a
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() 200tasks (score= 0.4 and ﬁ Y 025 / | rpssnagee™ "]
top two of archive man: ﬁ\OJ? L L f M“_}"'
A 1 0.20 More granular file
[ Final bestagent e e
| I
° 0 10 20 30 40 50 60 70 80
o Iterations

ZHANG ET AL. 2025, FIG. 3: ARCHIVE TREE (LEFT) AND PROGRESS (RIGHT). DARK LINE: LINEAGE OF THE FINAL BEST AGENT, DIPPING AT ITERATIONS 4 AND 56.
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What evolution invented, and where it carried

PART 3

Editing
File viewing by lines;
editing by string

replacement.

Success Rate on SWE-bench (%)

o BB 8 588

DISCOVERED FEATURES

Robustness
Patch validation,
retries, context

auto-summary.

Model Transfer on SWE-bench
s00%

o3 mint

Claude 3.5 Somnet Claude 2.7 Sonet

= gase agent

- Best agent searched with Claude 3.5 Somnet
Best agent transfer o other Fis

TRANSFER
Workflow Sound familiar?
Many candidate The Aider / Claude
patches; a second FM Code playbook,

picks. rediscovered by

search.

Zero-shot Transfer Between Benchmarks.

Task Transfer on Polyglot

B35
Zx0
S
mpugs  S2
D
Y
I
SWE-bench Polyglot ° Ppython task non-python task.
= Base agert = Base sgert
= st agent searchedan SWEbench - aider

= Best agent searched on Polyglot = DGM search on 3l language.

DGM search only on python

ZHANG ET AL. 2025, FIG. 4: THE IMPROVEMENTS ARE GENERAL. TRANSFER ACROSS MODELS (CLAUDE 3.7 SONNET: 19.0% — 59.5%), BENCHMARKS, AND

LANGUAGES. Survival of the fittest agent -

ML Reading Club NCR -

13/25



The headline, plainly

PART 3 - WHAT WAS AUTOMATED

SWE-BENCH POLYGLOT (FULL)

HUMAN EDITS TO THE AGENT’S CODE

ACROSS 80 GENERATIONS Initial agent 20.0% 14.2%
Aid is ) . Human reference  51.0% @ota subsey ~ ~16% (aider subsen
Years of Aider and SWE-agent ingenuity, DGM, best agent 50.0% 30.7%

re-derived by two weeks of selection.

=== QUICK FACT Still short of closed-source SWE-bench systems. The open question: what would a longer

run buy?
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The catch: it deleted the test for cheating

PART 3 - OBJECTIVE HACKING - APPENDIXH

Side experiment: use the DGM to fix tool-use
hallucination, detected via hidden special
tokens logged on real tool calls.

Node 96 genuinely improved it: score 1.67.

Node 114 scored a perfect 2.0 by deleting
the special-token logging, despite explicit
instructions not to. Undetectable, not absent.

“When a measure becomes a target, it
ceases to be a good measure.” —
Goodhart’s law, quoted by the authors.

APPENDIX H: THE ACTUAL DIFF. RED LINES DELETE THE MARKERS THE EVALUATOR

DEPENDED ON

=== QUICK FACT Defenses that worked: sandboxes, a fully auditable lineage, and hiding the evaluator’s code

from the agent.
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Fourteen months, three generations

PART 4 - THE LINEAGE SO FAR

Godel Machine Huxley GM
Schmidhuber, 2003 KAUST, Oct 2025
accept iff provable select by the descendants, not the score
2026
° ° ° °
2003
Darwin GM Red Queen GM
Sakana/UBC, May 2025 Cambridge/NVIDIA, Jun 2026
accept iff it survives the benchmark evolve the judge along with the agent

EACH GENERATION RELAXES ONE ASSUMPTION OF ITS PARENT: PROOF — BENCHMARK — SELECTION SIGNAL — THE BENCHMARK ITSELF

Both descendants grew out of the DGM’s own limitations section.

=== QUICK FACT Jiirgen Schmidhuber, who defined the G6del machine in 2003, co-authors the Huxley GM:
the ancestor endorsing the heir.
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Huxley GM: breed from the best ancestor

PART 4 - DESCENDANT 1 - ARXIV 2510.21614

The DGM breeds from high scorers, but a high scorer can be a
genetic dead end. Measured correlation between score and a
lineage’s long-run productivity: just 0.29.

The fix, in one line: pick an advisor by their students’
students, not their exam marks.

CMP: score an agent by the pooled success of its whole clade,
every descendant’s outcomes. Correlation with true
productivity: 0.78.

RESULT: 56.7% SWE-BENCH VERIFIED VS DGM’S 53.3%
HUMAN-BUILT AGENTS WITH GPT-5

¢

HIGH SCORE
DEAD END

LOWER SCORE
WINNING CLADE

WHICH NODE DESERVES THE NEXT MUTATION? (ILLUSTRATIVE)

- 2.38x FEWER CPU-HOURS - MATCHES

=== QUICK FACT Julian Huxley, who coined “clade”, was the grandson of “Darwin’s bulldog” T. H. Huxley.
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Red Queen GM: evolve the judge too

PART 4 - DESCENDANT 2 - ARXIV 2606.26294

Everything so far trusts a fixed judge. But: most AGENTS: EVOLVE CONTINUOUSLY
real work has no benchmark; evaluation is the : :

dominant cost; and static tests get hacked (node ! 1
114) JUDGIE: FROZEN WITHIN EACH ET’OCH

Y

Van Valen’s Red Queen hypothesis: species

challenger beats incumbent old judge’s scores

adapt against competitors that adapt back. So on ground truth — promoted erased

let agents and their judges evolve together.
CONTROLLED UTILITY EVOLUTION: PER-EPOCH THE GUARANTEES HOLD; ACROSS

EPOCHS THE OBJECTIVE MOVES
Where no benchmark exists at all, this still works:
co-evolved paper-writers lift acceptance 21.8% —
40.5%.

=== QUICK FACT Van Valen’s Red Queen paper was rejected; he started his own journal for it.
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The lineage, in two graphs

PART 5 - FINALE - MAY 2025 —+ JUNE 2026

EVOLVE THE AGENT
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DGM, FIG. 2: 20.0% — 50.0% WITH ZERO HUMAN EDITS. BOTH ABLATIONS

FLATLINE.
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Held-out Polyglot pass rate (%) T

62%

EVOLVE THE JUDGE TOO

<= tokens saved to exceed the pass rate of the baseline
v .
L
1.72x fewer tok

@ RQGM coder (generalist) 1.35.x fewer-ioke:

® ROGM coder (specialist)

@ HGM-H coder

70 80 90 100 110 120

Search tokens (millions, blended) |

RQGM, FIG. 1: BEATS THE PRIOR SOTA AT 1.35-1.72 x FEWER SEARCH TOKENS

From “survive the benchmark” to “the benchmark must survive too.”

Survival of the fittest agent - ML Reading Club NCR -

19/25



One map of self-evolution

PART 5 - SYNTHESIS - WHAT DOES EACH MACHINE EVOLVE?

Darwin GM Huxley GM Red Queen GM

evolves the agent evolves the search evolves the judge

And what none of them touch: the weights. All novelty accumulates in code, in an archive, outside
the policy — exactly the escape route last session’s leash theory left open.
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Self-evolution needs a benchmark

PART 6 - OUR RESEARCH DIRECTION - ENTERPRISES HAVE NONE, YET

Can a DGM-style agent self-evolve against an enterprise’s own recurring work, if we first build
the task evaluation it needs?

1 - mine the tasks 2 - build the harness 3 - open the archive
What do people repeatedly do? Ground truth from historical Run the DGM loop against it.
Repetition makes evolution completions: a private Lineage tracked, sandboxed.
possible. SWE-bench.

=== QUICK FACT Co-evolving the task distribution is the DGM authors’ own named future direction.
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One organ from each machine

PART 6 - OUR RESEARCH DIRECTION - PROPOSED ARCHITECTURE

deployed agents generate new task data

/ \ DGM loop: proven, open-sourced.

HGM’s CMP: budgets are real; 2.38x
Task mining Eval harness Agent archive matters.
recurring work, logs historical ground truth DGM loop

RQGM epochs: tasks drift, and a static
. harness gets Goodharted.
refreshes guides

} Open problems we own:
h

CMP selection
HGM: compute-frugal searc!

eval-from-history, hidden evaluators in

Co-evolved evaluator
RQGM: epochal, drift-aware

production, the safety case.

THREE MACHINES, ONE ORGAN EACH; THE ENTERPRISE SUPPLIES THE TASK DISTRIBUTION

=== QUICK FACT Our lab, re-forge, is actively researching enterprise self-evolution today.
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re-forge

Researching self-evolution for the enterprise:
evolving agents, harnesses, and their judges.

Wanted: partners with repetitive, checkable workflows. re-forge.theadaply.com



CLOSING

Last time: gradients cannot
leave the base’s support.

Tonight: selection over code
walks straight past it.

The question is no longer whether agents can improve themselves.
It is who, or what, gets to keep the score.

=== QUICK FACT Darwin 1859, Godel 1931, Schmidhuber 2003. The idea only needed a readable
genome.



Same claim. Vote again.

“With frozen weights, an agent can make itself
a substantially better engineer by rewriting its
own code.”

LINKEDIN

True or false, thirty minutes later? GITHUB

SCAN, OR ASK ME.



