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Model release date vs. SWE-Bench Verified Score



Agenda

● The AI Scientist as a frontier stress test

● The landscape of AI systems for AI science

● Discovery as closed-loop tree search



Blog/Summary

問題を見つける                              仮説を立てる                      　実験をする

査読 知識の伝達出版

Agentic Taskとしての科学研究



現在のLLMを科学者としてどこまで活用できるか？



LLMs are used all over the place to automate parts of research…

Chen et al. (2023): EvoPrompting
Architecture Search with LLMs

Lehman et al. (2023): ELM
Morphogenesis with LLMs

Ma et al. (2023): Eureka
Reward Fn Design with LLMs

Romera-Paredes et al. (2024): FunSearch
Math/code Discovery with LLMs

Lange et al. (2024): EvoLLM
Evolutionary Optimization with LLMs

Lu et al. (2024): DiscoPOP/LLM²
Loss Fn Discovery with LLMs

Hu et al. (2024): ADAS
Agentic Design with LLMs

Hu et al. (2024): AlphaProof/Geometry
Math/Geometry with LLMs

Si et al. (2024): Automated Ideation
Idea Generation with LLMs
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実験サイクル 論文執筆

The AI Scientist-v1：テンプレートベースの自動研究パイプライン



The AI Scientist-v1: 3種類の実験テンプレートをベースに論文を自動生成

Grokking
NanoGPT

2D Diffusion

👉 AI Scientist-v1 では、機械学習の 3 つの異なるサブフィールドを選び、研究対象とした。



AI Scientist-v1：実験結果  & 課題

👉 仮説検証と知識蓄積の深さを拡張するためのツリーサーチ



LLM Idea/Plan
Innovation

1.  Preliminary Idea Investigation

LLM Paper 
Reviewing

Idea scoring / 
archiving

Plotting +
VLM Feedback

Manuscript
Template

Manuscript

アイデア生成

Novelty Check 
Sem. Scholar

ツリーベースの実験サイクル 論文執筆

2.  Baseline Hyperparameter Tuning

3.  Research Agenda Execution

4.  Conducting Ablation Studies

[Select Best Node][Write to exp. log]

[Select Best Node][Write to exp. log]

[Select Best Node][Write to exp. log]

The AI Scientist-v2：ツリー探索に基づく自動化研究パイプライン



多段階のツリーベース手法による実験の自動化





The AI Scientist-v2：AIが生成した初のワークショップレベルの論文

Released in March/April 2025

👉 Scores: [3,4,7]

👉 Scores: [3,3,3]

👉 Scores: [6,6,7]



ICINB ICLR 2025ワークショップ運営事務局とのコラボレーション

👉 透明性・査読者のオプトアウト・IRB取得が不可欠！

👉 3 papers submitted with organizer support + IRB [H24-02652]



AI Scientist は依然として ``ハルシネーション ’’問題を抱えている

👉 Check paper & Github for full analysis: 
github.com/SakanaAI/AI-Scientist-ICLR2025-Workshop-Experiment/ 

https://github.com/SakanaAI/AI-Scientist-ICLR2025-Workshop-Experiment/


今後の技術的・倫理的課題

- 透明性の確保

⇒ いつ・どのように開示すべきか？

- 悪用対策

⇒ どのように査読制度の形骸化（ゲーミング）を防ぐか？

��





The broader field: AI automating AI Research



The broader field: AI automating science



The verification loop of science



The broader field: everyone is attacking the 
loop (or parts of the loop)



Where Science Is Bottlenecked

Bottlenecked by intelligence

Bottlenecked by cost, time, and poor scalability





平面上に  n 個の点を置いたとき、距離がちょうど  1 になる点
のペアを最大でいくつ作れるか？



Rewritten Chain of Thought for the Solution to the Unit 
Distance Problem





メタアナリシス : 全体構造

benchmark (9), strategy (39), hypothesis (104), test (361), refine (30), 
insight (28), prune (58), conclusion (77).

280 sub-approaches and 39 idea-line openers (strategy-type nodes).



メタアナリシス : Reasoning traceの長さ

Most are shallow try-and-discard. At the sub-approach level: 57% (160/280) 
are a single step, and 81% (227/280) are ≤3 steps.

Only 10% contain any refine step at all, and only 18 of 280 (6%) show a 
genuine refine-loop — i.e., test → refine/re-hypothesize → test again.

The genuine iterative chains are a small handful and 
they're exactly where the breakthrough came from.

"Almost-totally-real (ATR) quadratic extension," steps 82–131 — 20 steps, with 10 tests, 2 explicit refines, 
and 4 refine-loops.



メタアナリシス : testノードは何をしている？

"Test" steps are the work of evaluating an idea
E.g. computing a bound, running the arithmetic, applying a known 
theorem to see what it yields, estimating a size (a regulator, discriminant, 
edge or point count)



メタアナリシス：数学にも実験 →解析のループ

長く複雑な計算をする、具体例に落とし込む
データ＝導出された不等式など
測定機器＝既存の定理

“Propose a construction → derive/compute its 
consequences (or test a toy case) → read off 
the resulting scale → check it against the 
benchmark and against 
ST/Dirichlet/Golod–Shafarevich/Brauer–Siegel 
→ narrow the construction to fix the gap.”

新しい構成や証明の戦略を考える



Where Mathematical Science Is Bottlenecked

Bottlenecked by intelligence

Bottlenecked by cost, time, and poor scalability?



Bottlenecked by cost, time, and poor scalability



Megakernel https://x.com/willdepue/status/2052110690526409207 

https://hazyresearch.stanford.edu/blog/2025-05-
27-no-bubbles 

NanoGPT Speedrun
20 min per experiment

https://x.com/willdepue/status/2052110690526409207
https://hazyresearch.stanford.edu/blog/2025-05-27-no-bubbles
https://hazyresearch.stanford.edu/blog/2025-05-27-no-bubbles


Short-horizon vs. long-horizon tasks

Short-horizon tasks: easier for agents because feedback is fast and measurable: 
code passes tests, loss goes down, benchmark score improves, runtime 
decreases.

Long-horizon scientific tasks: harder because the feedback is delayed, noisy, and 
often conceptual: Is the problem important? Is the hypothesis meaningful? Are the 
baselines fair? Does the experiment support the claim? Is the result robust?



mean performance vs. rare discoveries

For discovery systems, we may care less about E[mean 
performance] and more about E[max discovery under a compute 
budget].





Can ideation be separated from execution?

Is hill-climbing bad?



Is designing hill-climbable problems a new skill?



Thank you!
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