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I. MOTIVATION

As capabilities of Large Language Models (LLMs)
continue to advance, a fundamental question emerges
in AI for Science: how can we continuously trans-
late these advancing capabilities into deeper, more
scalable engagement in scientific discovery?

Tool-usage remains a key perspective to answering
this question. Scientific agents have been apt at
using tools, whether as necessary steps of some
tasks, e.g. running verification in physical design,
or as complements to their own short-comings, e.g.
running information retrievers or solvers. However,
to advance scientific agents into highly-specialized
domains or reasoning-intensive tasks such as discov-
ery, the following challenges persist:

(1) Tool Creation. Many current tool creation
pipelines primarily focus on transferring and adapting
existing programs [1]–[3], or generating tools from
structured knowledge (e.g. organized open-source
code bases [4], extracted symbolic representations
[5]), leading to dependency on the availability of
prior solutions or well-organized knowledge bases,
which limits effectiveness in lesser-explored or novel
scientific domains. In contrast, a substantial por-
tion of scientific knowledge resides in unstructured
sources, such as reference books and web corpora,
offering rich yet largely untapped opportunities for
the evolution of scientific agents.

(2) Tool Evolution. The structuring and quality-
control of tool sets are key to elevating and general-
izing scientific agents’ performances. Seminal works
like TroVE [6] and KTCE [5] develop a self-evolving
tool set by focusing on reusability, diversity and
retrieval-efficiency. However, these frameworks treat
self-evolution as a refinement mechanism, without
explicitly studying how to modify tool sets in re-
sponse to newly acquired domain knowledge or feed-
back from deployment, which is a necessary task for
comprehensive scientific agents, and for transferable
rather than ad-hoc tool sets.

(3) Agent Evolution. Although LLM agents have
made great progress in tool-usage through various
instruction-tuning [7] and RL-based methods [8],
[9], their performance remain limited when it comes
to the cost-awareness of tool-usage [10], full-stack
research [11] and safety of scientific tool-usage [12].

These limitations dictate training approaches and
benchmarks tailored to co-evolution with tools.

II. ROADMAP

In response to these challenges, I propose to study
the Co-Evolution of Scientific Tools (LLMs’ abili-
ties to create and evolve tools) and Agents (LLMs’
abilities to utilize tools for practical deployment
in scientific tasks). Advanced LLM-governed tool
sets will significantly improve LLMs’ competence
as scientific agents, and elevated agentic capabilities
will allow for more diverse, high-quality tools. Con-
cretely, I propose the following directions:

(1) Evaluation. Current tool-related benchmarks
focus on various aspects of tool-utilization [13],
[14], but few explicitly evaluate agents’ abilities to
solve scientific problems by creating tools, or to use
scientific tools under domain-specific constraints and
goals. However, these scenarios are prevalent, espe-
cially in scientific domains that are underrepresented
in LLM pretraining and lack existing callable tools.
I propose to evaluate the ability to create, govern
and utilize tools. Such abilities should be depicted
by verifiable metrics such as tool-quality and tool-
transferability at creation, and cost-efficiency and
robustness at utilization.

(2) Tool Generation from Unstructured Material.
To address challenge (1) and (2) in Section I, a tool-
creation and tool-governing agentic framework that
takes in unstructured knowledge (textbooks, tutori-
als, web information, etc.) and produces structured
tool set is needed. Moreover, it should incorpo-
rate frequent knowledge updates / tool feedback as
in authentic scientific scenarios. Such a framework
could potentially perform well in zero-shot, highly-
specified scientific settings.

(3) RLVR. Given challenges in Section I, training
agents that design and utilize tools is a non-trivial
task. I plan to utilize RL-based approaches with
verifiable signals as proposed in direction (1) (Evalu-
ation). With stage-wise training and fast verifications
(e.g. surrogate models to estimate correctness of tool-
usage, light-weight tool-using models to test trans-
ferability of generated tools), a scaled-up RLVR on
tool-design-and-usage will procude capable scientific
agents that evolve alongside human knowledge.
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