Duel-Evolve:

Reward-Free Test-Time Scaling via LLM Self-Preferences

Sweta Karlekar®, Carolina Zheng*, Magnus Saebo*, Nicolas Beltran-Velez, Shuyang Yu, John Bowlan, Michal Kucer, David Blei



Agenda

AlphaEvolve
When does AlphaEvolve not work
Duel-Evolve

Experiments + Results



@ Human defines “What?”

sets evaluation criteria, provides initial solution
and optional background knowledge

Problem Improved
definition solution

g AlphaEvolve figures out “How?”

rich context containing §I<
- past trials and ideas |
Prompt sampler *» LLMs ensemble
4
programs to improve proposals of

and act as inspiration improved programs

\J

D programs with quality scores
— and other feedback

Program database «

What is AlphaEvolve?

OpenEvolve Architecture

"Program Database ow-----._( LLMEnsemble

Stores programs and Generates code

g metrics ) Updates ~~ | modifications

f Code A

Program

\

Requests

\

Past : Controller

programs |

Orchestration

\ Prompt
" Programs

\ A
Prompt Sampler

Request Metrics ‘
g Evaluator Pool

Creates context-rich |- __

~ -
— B

_.-”| Tests programs and

prompts oo assigns scores
Evolutionary Loop

Asynchronous pipeline optimized for maximum throughput



AlphaEvolve Example

Circle Packing Problem:

Give me a python program that calculates how to fix the max number of circles in a given area

i Circle Packing (n=26, sum=2.624893)

o Space of optimization: python programs

e Score to optimize: number of circles
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Benefits of AlphakEvolve

1) AlphaEvolve takes advantage of latent abilities/knowledge of the LLM.
It may not know how the optimal answer zero-shot, but it can
Incrementally improve upon existing solutions.

2) Unlike CoT, we can continue evolutionary cycles if we haven’t gotten
the right answer. CoT breaks down a single task into chunks, but once
It’'s gotten to the end, it’'s done. AlphaEvolve can continue to evolve and
improve its answer (until it plateaus).



Issues with AlphaEvolve

1) AlphaEvolve needs a numeric score to optimize. This isn’t feasible in a lot of
cases:

 Multiple heuristics: code efficiency can be measured by runtime, theoretical
efficiency, hardware efficiency, energy efficiency, scalability.

o Sparse reward: binary settings like theorem solving is either O (unsolved) or
(solved), which doesn’t give AlphaEvolve signal on incremental improvements

o Subjectivity: summarization, creative writing, translation, etc. cannot easily be
converted into numerical scores to optimize on.

2) Further, it takes time and effort to create an evaluation scheme or rubric, even if it
IS possible for a given task.



Duel-Evolve

We can answer both of the previous issues is using LLM pairwise self-preferences!

For many tasks, it is unclear how to construct an agreed-upon universal real-valued
score. However, iIn most cases, 1t iIs much easier to tell which of two solutions is

better.

This again takes advantage of the latent abilities of the LLM; it may not immediately
produce the right answer, but it is more likely to be able to tell which of two solutions

IS more correct.

We can then aggregate these pairwise rankings using a ranking model like Bradley-
Terry to get a global score that we can optimize over.
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Bradley-Terry Model

Let there be items i € 1.....n.

Each item has a latent parameter 60, € R.

For a comparison between items 1 and J, define:

1 if i is preferred over j
yij —

0 if jis preferred over i

The Bradley-Terry model assumes:

exp(0;)

P01 = 5000 + exp(@)




Fitting a Bradley-Terry Model

We are given a dataset of pairwise comparisons &4 = { (i, j;, V;.) }zkv_

Assume independent over comparisons. The log-likelihood becomes:

N

£0) =Y |vlog a6, - 6) + (1 = ylog(1 — o6, - 6,)|.
k=1

The model is invariant to adding a constant, so we typically impose a constraint
such as fixing one item (e.g. 6, = 0).

Each @, is a latent score, and only differences between the latent scores matter. The
model assumes transitivity.
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EXperiments

e Jask 1: MathBench

Supposed 15% of x equals 20% of y. What percentage of x 1s y?

A. 75% B. 5% C. 35% D. 300%

e TJask 2: LiveCodeBench

You are given a positive integer array nums . Return the total
frequencies of elements in nums such that those elements all have

the maximum frequency.




Duel-Evolve Results
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Duel-Evolve Results

Gemma-2 27b model (int4 quantized).
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Current Status

https://arxiv.org/pdf/2602.21585

Accepted at the Recursive Self-Improvement (RSI) Workshop at ICLR
2026

Currently working on next iteration for ICLR 2027 submission:

* Include more math and code tasks, plus a creative writing benchmark
(Arena-Hard)

 Generic prompt Chatbot-Arena style evaluation against base models

* (Any other suggestions?)



