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SWE-bench Verified ≈ 80%

AIME ≈ 100%

Humanity Last Exam ≈ 45%
LLMs now saturate real exams 

and exam-style benchmarks. 

What’s next?

 Open-ended Problems
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Beyond Passing Exams: Exploring New Frontiers

LLM as a performance 
optimizer

How much speedup can 
we achieve with a GPU 

kernel?

LLM as an algorithm 
designer 

How many circles can 
we pack into a fixed 

region?

LLM as a system 
researcher

How much cache miss 
cost can we reduce 
with a replacement 

policy? 

No optimal solutions, only better frontiers. 3



We Don’t Know the Best, but We Know How Good

⇒ Continuous scores guide 
agentic evolution and 
support post-training
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LLMs for Open-Ended Problems: Where We Are Limited

KernelBench: ~200 GPU 
programming problems 

(single-domain)

ADRS: ~10 system 
research problems 

OpenEvolve: 14 
example problems 

ALE-bench: 40 Atcoder 
Heuristic Contest problems

(single-source)

We need a large-scale benchmark for open-ended problems, 
spanning multiple domains, sources, and problem types.
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LLMs for Open-Ended Problems: Where We Are Limited

ThetaEvolve: Evaluated on only 5 tasks from 

OpenEvolve Examples: CirclePacking-T / 

FirstAutoCorrIneq /SecondAutoCorrIneq / 

ThirdAutoCorrIneq /HadamardMatrix

MetaMuse: Evaluated on only 2 tasks by 

their authors: Bin Packing / Cache Replacement
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Introducing Frontier-CS

                                       = 200+ open-ended problems adapted from 

competitive programming and real CS research

 ● Algorithmic Track: 10+ experts converse exam-style problems 

from multiple sources into an open-ended style by changing 

objectives, adding constraints . . . 

● Research Track: CS PhDs extract the core algorithmic problems 

from their research interests, including OS, HPC, AI, DB, PL, . . .



An Open-Ended, Verifiable Example with Continuous Score
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open-ended

verifiable



Research Problem Example: VectorDB Design
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● Given: Millions of vectors and a set of query vectors. 

● Task: For each query, return the nearest stored 

vector as fast as possible, while being correct at 

least 80% of the time.

● Scoring: Recall@1 ≥ 80% is required; passing 

solutions receive a 0–100 score normalized by 

average query latency relative to a human SOTA. 



Research Questions on Frontier-CS
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● RQ1: As LLMs saturate code exams, how do they perform on open-ended 

CS problems?

● RQ2: Does test-time scaling via multiple attempts still hold for 

open-ended CS problems?

● RQ3: Does longer chain-of-thought test-time scaling still work?

● RQ4: What failure modes do LLMs exhibit on open-ended CS problems?



Open-ended Problems Remain Challenging for Frontier LLMs

RQ2: Multiple attempts matter
Best-of-5 improves average 
score by +6.5 – +22.7

RQ1: LLMs remains a major gap to human 
expert performance on open-ended 
problems
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Algorithmic Problems (one-shot, until 12/17)



Improving Reasoning Effort Does Not Yield Further Gains
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RQ3: Longer chain-of-thought not always help 
open-ended problem solving.



Misleading Micro-Optimization Trap

● LLMs often fail to identify which choices are algorithmically 

meaningful, becoming trapped in micro optimizations.

● GPT-5 solution: starts with a suboptimal core idea, 

augmented with several low-level memory and efficiency 

optimizations ⇒ ~40 points

Human solution & prompt fix:

Please use a 2D array to maintain the rectangle 

state, and convert to the required format only at 

the end  ⇒ ~80 points
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Harbor Integration
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Agentic Benchmarks
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Impact and Future Directions of Frontier-CS

Impact:

● Provides a large, diverse collection 

of open-ended problems

● Enables reproducible, fine-grained 

evaluation via deterministic, 

verifiable and continuous scoring

● The project has attracted early 

industry interest (e.g., xAI, 

ByteDance), and welcomes 

contributions of problems or 

compute resources.

What’s next?

● Evolving: From domain-specific 

tricks to regularized, general 

evolving frameworks.

● Synthesis: Can LLMs synthesize new 

open-ended problems?

● Post-training: Can models learn new 

reasoning abilities from open-ended 

problems with continuous reward 

signals?
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Thanks!

Website: frontier-cs.org

GitHub: https://github.com/FrontierCS/Frontier-CS
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http://frontier-cs.org
https://github.com/FrontierCS/Frontier-CS


World Map (IOI 2025 ⇒ Frontier-CS)

● Given several countries and which pairs must 

be adjacent.

● Place country labels on a square grid. 

● Adjacent cells imply country adjacency.

● All required adjacencies must appear. 

● Goal: use the smallest possible grid.
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LLMs for Open-Ended Problems: Where We Are Limited

● Toy-scale benchmarks cannot distinguish general 

algorithmic discovery ability from task overfitting.

● Toy-scale data can support framework design, but 

cannot train new reasoning abilities.
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                                               Evolving Challenges for Evolving Intelligence 
Website GitHub

Qiuyang Mang
Advisor: Alvin Cheung

on behalf of Frontier-CS Team 

Where We Are LimitedBackground: LLMs Near Ceiling on exams Frontier-CS Example Problems

SWE-bench Verified ≈ 80%

AIME ≈ 100%

Humanity Last Exam ≈ 45%

What’s Next for Computer Science Tasks?

LLM as a performance 
optimizer

How much speedup can 
we achieve with a GPU kernel?

LLM as an algorithm 
designer 

How many circles can 
we pack into a fixed 

region?

LLM as a system 
researcher

How much cache miss 
cost can we reduce 
with a replacement 

policy? 
No best solutions, only better frontiers.

Unsolved

Open-ended

Verifiable

Diverse

Continuous Score

⇒ Continuous 
scores guide 

agentic evolution 
and support 
post-training

ALE-bench: 40 Atcoder 
Heuristic Contest problems

(single-source)

We need a large-scale benchmark for open-ended problems, 
spanning multiple domains, sources, and problem types.

KernelBench: ~200 GPU 
programming problems 

(single-domain)

ADRS: ~10 system 
research problems 

OpenEvolve: 14 
example problems 

Existing research on 
open-ended CS problems 
often evaluates LLMs on 
a few toy tasks.

Existing open-ended CS 
benchmarks are often 
domain-specific or 
small-scale.

Frontier-CS: a large, diverse datasets for 
open-ended CS problems

Research Track problems 
are constructed by distilling 
core algorithmic challenges 
from real CS research 
problems and asking LLMs 
to implement practical 
solutions. 

Algorithmic Track 
problems are created by 
transforming existing 
exam-style tasks into 
open-ended settings 
through modified objectives 
and added constraints, or 
by collecting classical NP 
problems and conjectures.

World Map (IOI 2025 ⇒ Frontier-CS)

Given several countries and which pairs must 
be adjacent.
Place country labels on a square grid. 
Adjacent cells imply country adjacency.
All required adjacencies must appear. 
Goal: use the smallest possible grid.

Research Problems:
Cloud Scheduling,
VectorDB Design,
POC generation,
Grammar Fuzzing,
RL Algorithms,
GPU Kernel Design,
and more

Key Findings

Open-ended Problems Remain Challenging for LLMs

Multiple attempts matter
Best-of-5 improves average 
score by +6.5 – +22.7

One-shot reasoning remains a major 
gap to human expert performance 
on open-ended problems

Improving Reasoning Effort Does Not Yield Further Gains

Misleading Micro-Optimization Trap

LLMs often fail to identify which choices are 

algorithmically meaningful, becoming trapped in micro 

optimizations.

GPT-5 solution: Maintains the search state as a list of 

polyomino placements, augmented with several low-level 

memory and efficiency optimizations ⇒ ~40 score

Human solution & prompt fix:

Please use a 2D array to maintain 

the rectangle state, and convert to 

the required format only at the end  

⇒ ~80 score
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