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From Digital Agents to AI Co-Scientists
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Computer-Using Agents

Once out of reach, but we are turning it into reality.
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Computer-Using Agents

Both academia and industry are building computer-using agents

Introducing computer use, a new
Claude 3.5 Sonnet, and Claude 3.5
Haiku

24 « 5minread
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Computer-Using Agents

Automating daily computer tasks

Introducing Operator

Aresearch preview of an agent that can use its own browser to perform tasks for you. Available to Pro users in the U.S.
o ru-a

Go to Operator 2 =

Bookkeeping simple 3 Bookkeeping simple
Description Category Type Amount Balance Category Type Amount Balanc
3 Tso e o ’ 50 8

Purct 5

@ Tripadvisor

Rome: Colosseum, Roman Forum and Palatine Hill

eo0e(

Searching for H

Exploring all

OpenAl Operator Daily Computer Use
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Computer-Using Agents
Playing Games.

RGB
»bservation
with labeled
it and
rid

Textual Observation:
50.0/50.0'n- Stalker_1: Health: 80.0/80.0, Shicld: 80.0/80.0\n- Phocnix_1: Health

"Current game state:\n\nOur units:\n- Zealot_1: Health: 100.0/100.0, Sh
120.0/120.0, Shield: 40.0/60.0\n- Immortal_1: Health: 200.0/200.0, Shield: 100.0/100.0'n- Archon_1: Health: 10.0/10.0, Shield: 342.0/350.0\n\nEnemy
units:\n- Vikin sault_1: Health: 125.0/125.0\n- =113 45.0/45.0\n- k g ealth: 60.0/60.0\n- Ghost_1: Health: 100.0/100.0\n- Marauder_1

Health: 125.0/125.0\n- Medivac_1:} : 150. ).0\n- Banshee

"simplified tag": 12."original t

MineCraft StarCraft 11
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Computer-Using Agents
Playing Games.

Research Product About us

® private NGRS Ru

a webp prowser.

(Next Action) Now | need to open a web Shared Virtual Machine
browser. I'll use the agent.open method to
open Firefox, which is a common web

browser on Linux systems.

(Grounded Action)

agent.open("firefox")

Getin line to talk to Agent S

o 40 viewers watching now
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Seminal works on Computer-Using Agents

CJ
8 SeeClick: Harnessing GUI Grounding for Advanced Visual GUI Agents, ACL 2024

(e

OS-ATLAS: A Foundation Action Model for Generalist GUI Agents , ICLR 2025 Spotlight

o
o)

2
TS

:(\2%6 OS-Genesis: Automating GUI Agent Trajectory Construction via Reverse Task Synthesis , ACL 2025

e

P O

[
SeEd
55 C S5c o

Breaking the Data Barrier -- Building GUI Agents Through Task Generalization, COLM 2025

@@tﬁ AgentStore: Scalable Integration of Heterogeneous Agents As Specialized Generalist Computer
#=X  Assistant , ACL 2025

| n¥%  OS-MAP: How Far Can Computer Use Agents Go in Breadth and Depth? |

ScienceBoard: Evaluating Multimodal Autonomous Agents in Realistic Scientific Workflows
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Seminal works on Computer-Using Agents
_& SeeClick: Harnessing GUI Grounding for Advanced Visual GUI Agents, ACL 2024

OS-ATLAS: A Foundation Action Model for Generalist GUI Agents , ICLR 2025 Spotlight

2o

=
60,
NTEN o T

s(‘f‘;@ OS-Genesis: Automating GUI Agent Trajectory Construction via Reverse Task Synthesis , ACL 2025

=
STEP
B=m- C5c o

Breaking the Data Barrier -- Building GUI Agents Through Task Generalization, COLM 2025

g@@tﬁ AgentStore: Scalable Integration of Heterogeneous Agents As Specialized Generalist Computer
#=R Assistant , ACL 2025

,0‘ OS-MAP: How Far Can Computer Use Agents Go in Breadth and Depth?

ScienceBoard: Evaluating Multimodal Autonomous Agents in Realistic Scientific Workflows

 ¥0F 0 e mmm
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Computer-Using Agents

Automate scientific workflows, be your co-scientist!

Instruction: Predict the protein structure for the amino acid sequence of MGND..."' via AlphaFold in ChimeraX.

Step1: Toggle the widget of AlphaFold.  Step2: Input the given sequence and call ~ Step3: Wait until the prediction finished.
out AlphaFold for structure prediction.

Instruction: Show planets' orbits of Solar System in Celestia.

Step1: Select the Sol and click 'Goto' in ~ Step2: Slide the mouse wheel to move Step3: Click to show orbits of planets.
contect menu. the camera away from Sol.
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Part2 | Al4Research
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Backgrounds
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Al4Research is a highly popular concept.

@0 Significance
Ew] Assessment

g3El Experiment
= Conduction

W A = w
Full-Automatic Discovery

=] Related Work

@\ Retrieval ¥
: ®:!
O Overview Report 1 E
—9%  Generation E i

Academic Survey Al for Scientific Discovery

«» '» ModelScope

L

. NI 1 / 7 EJO \

1
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|
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= Semi-Automatic
Academic Writing

Full-Automatic
Academic Writing

Scientific

Comprehension Reviewing
Textual Scientific
Comprehension

|
% %

: 9@5 Table & Chart
i

Q, Comprehension

Scientific Comprehension

©

Academic Peer Reviewing
©) ©)
o

Academic Survey Al for Academic Writing

Academic Peer |
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Backgrounds: Pastoral Age T

Question: Which type of force fromthe | --i:f::v[Answer: The answer is A. ﬁ

baby's hand opens the cabinet door?
BECAUSE:

lOptions: (A) pull (B) push g Lecture: A force is a push or a pull that one object applies )
_— to a second object. The direction of a push is away from the

- |object that is pushing. The direction of a pull is toward the

know what is inside of a

'Context: A baby wants to -' T 1 : | object that is pulling.
4 e —— 5
5 2 D A e e
cabinet. Her hand applies k/ ‘LT‘ 2 0 Explanation: The baby's hand applies a force to the cabinet
- B

a force to the door, and
the door opens.

\

—|door. This force causes the door to open. The direction of
this force is toward the baby's hand. This force is a pull.

ScienceQA (NIPS 2022)
* Multimodal Reasoning (Chain-of-Thought)

* Natural science, language science, and social science

* 12k Grade school-level MCQ
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Backgrounds: Pastoral Age es

INSUlin Proteome

o Ll R Syndrome - Therapeutics.
* Designed for biomedical question answering Glucose-6-phosphate 1- dehydrogenaASgC_
* English questions, exact answers, and ideal summaries. ‘ TherId Hormone Rece ptorRO|e
Ge nom , Thyroxine-dijsegsehistone
* Supports information retrieval, passage retrieval, and natural Humans Calmodulin patabase /\/\UtatIOﬂTuberlﬂ

language generation. ‘ DlseaseSHanamn
g GeneSE”ZWeScancer I

* Meets real information needs of biomedical experts.

b : Most frequent topics in the BioASQ questions.
¢ Annually expanded with new questions and answers.

* Available on Zenodo in JSON format.

MoleculeQA (ArXiv 2024)

* Evaluate Factual Accuracy in Molecular Comprehension
62K QA Pairs across 23K molecules
«  MCQ problems (training set available)

* Textual-based

Figure 4: An overview of MoleculeQA topics distribution.
Four coarse-grained aspects occupy the inner circle, and in the
outer circle we list finer-grained non-leaf topics.
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Backgrounds: Contemporary Era

e sy R ™

Background: Source: [CITATION]
Here we can discretize the two-dimensional Brillouin zone into grids

;| with step [MORE BACKGROUND TEXT] :
/(Question: Calculate the Chern number using the Haldane Hamiltonian. |

i| Question: Generate an array of Chern numbers for the
{| Haldane model on a hexagonal lattice by sweeping the
following parameters: [MORE QUESTION TEXT]

SciCode (NIPS 2024) E——

): The grid size in kx and ky axis.
NTS)

Docstrings
; e _cherr

Chern nunber.

16 subfields (e.g., math, physics, chem).

80 main problems, decomposed into 338 subproblems
involving recall, reasoning, and code synthesis.

Each question verified by 2 senior researchers to

ensure scientific accuracy and relevance.

20 array of shape(N, N}, th

i Subproblem 1
i Background: Source: [CITATION]

2ze in kx and ky axis.
AR

nunber (float): The Chern number.

“Subproblem3 T
Question: Here we can discretize the two-dimensional Brillouin zone

i {a;} are the vectors from a B site to its three nearest-neighbo into grids with step [MORE QUESTION TEXT]
:| A sites, then we have [MORE BACKGROUND TEXT]

Question: Write a Haldane model Hamiltonian on a
;| hexagonal lattice.

i Docstrings

Docstrings
conpute_cherr

unber_grid(

Function to calculate the Chern numbers.

array of shape(N, N), The Chern numbers.

Figure 1: A SciCode main problem is decomposed into multiple smaller and easier subproblems.
Docstrings specify the requirements and input-output formats. When necessary, scientific background
knowledge is provided, written by our scientist annotators. The full problem is shown in subsec-
tion A.3
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Backgrounds: Contemporary Era

Data Processing (23) Model Development (23) Data Analysis (59) Info Visualization (65)

Feature Engineering (20) Deep Learning (14) Statistical Analysis (9) Data Visualization (45)
Feature Selection (2) Machine Learning (9) Geospatial Analysis (12) Map Visualization (18)

Data Selection (1) Computational Analysis (38) Molecule Visualization (2)

ScienceAgentBench (ICLR 2025)

* Evaluating language agents in data-driven scientific discovery.
« 102 tasks from 44 peer-reviewed publications across four disciplines.
 Tasks require generating a self-contained Python program.

* Prompting based solutions: OpenHands CodeAct, and self-debug.
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Backgrounds: Contemporary Era

AlphaEvolve: A Gemini-powered coding
agent for designing advanced
algorithms

By AlphaEvolve team
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Backgrounds: Contemporary Era

A lot of “Al Research” systems have been built...

The Al Scientist: Towards Fully Automated
Open-Ended Scientific Discovery

Chris Lul%", Cong Lu3*", Robert Tjarko Lange':", Jakob Foerster®*, Jeff Clune3*5-" and David Hal-"
*Equal Contribution, 1Sakana Al 2FLAIR, University of Oxford, 3University of British Columbia, 4Vector Institute, 5Canada CIFAR

Al Chair, *Equal Advising

SCIMON 4 : Scientific Inspiration Machines Optimized for Novelty

Qingyun Wang!, Doug Downey?, Heng Ji', Tom Hope??
! University of Illinois at Urbana-Champaign ? Allen Institute for Artificial Intelligence (AI2)
3 The Hebrew University of Jerusalem
{tomh,doug}Qallenai.org, {gingyun4, hengji}@illinois.edu

ResearchAgent: Iterative Research Idea Generation
over Scientific Literature with Large Language Models

Jinheon Baek! Sujay Kumar Jauhar? Silviu Cucerzan’? Sung Ju Hwang'?
KAIST! Microsoft Research? DeepAuto.ai®
{jinheon.baek, sjhwang82}@kaist.ac.kr {sjauhar, silviu}@microsoft.com

AR Automated Peer Reviewing in Paper SEA: Standardization, Evaluation,
and Analysis

Jianxiang Yu"”*, Zichen Ding"*, Jiaqi Tan”, Kangyang Luo”, Zhenmin Weng®,
Chenghua Gong”, Long Zeng®, Renjing Cui”, Chengcheng Han”,
Qiushi Sun®, Zhiyong Wu®, Yunshi Lan", Xiang Li®"
© East China Normal University, Shanghai, China
¢ Shanghai AI Laboratory, Shanghai, China
sea.ecnu@gmail.com
https://ecnu-sea.github.io/

Openw\f‘v Lab | al-lugging Face | Kual CISBEERES | ;u %Z

Background Inspiration Idea )
Context Retrieval Generation

Problems, “Given [context],
motivations, I‘_—> a [new ideaq],
focus points... A vs. prior work...”
A
| 41

= Iterative
Prior Literature |-

{(Background_i, idea_i)}

(A) Scientific Knowledge Sources
Academic Graph

Paper: Language Models are Few-Shot Learners
(...) Here we show that scaling up language models greatly
improves task-agnost ot performance, sometimes
even reaching (...). Spe: lly, we train GPT-3, (...)

Entity-Centric Knowledge Store

Entity A Entity B Occurrence
GPT-3 Physics 78
Entity
w’ievald—GPT-B CoT 17,326 Extraction

(B) Systematic Approach for Research Idea Generation
Paper: Research Ideas:

GPT-3 Problem @{_ Method £_ Experiment

Identification Development
Academic Graph: * v

RLHF, P ySiCS
*_ @
4 <:I Human

Knowledge Store: iewi v
— 9 Reviewing Agents e induced | 5 40 oments
riteria L

AT
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Thinking

Currently, Al acted as an “Analyzer,” helping with idea thinking data analysis, writing,
and visualization.

Can Al evolve into an “Executor” that helps (1) formulate a plan, (2) directly operates
scientific software via GUI or CLI, and (3) even generates some reports?

The answer is YES —with the emergence of computer-using agents.

Let’s move beyond QA and Coding to actively performing some research tasks!

From Digital Agents to Al Co-Scientists
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Part3 | ScienceBoard
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Qiushi Sun, Zhoumianze Liu, Chang Ma, Zichen Ding, Fangzhi Xu, Zhangyue Yin, Haiteng Zhao,
Zhenyu Wu, Kanzhi Cheng, Zhaoyang Liu, Jianing Wang, Qintong Li, Xiangru Tang, Tianbao Xie,
Xiachong Feng, Xiang Li, Ben Kao, Wenhai Wang, Biqing Qi, Lingpeng Kong, Zhiyong Wu
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Preprint / WUCA @ ICML 2025 Oral
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é@@ . ScienceBoard: Evaluating Multimodal Autonomous
-y = Agents in Realistic Scientific Workflows

Qiushi Sun, Zhoumianze Liu, Chang Ma, Zichen Ding, Fangzhi Xu, Zhangyue Yin, Haiteng Zhao,
Zhenyu Wu, Kanzhi Cheng, Zhaoyang Liu, Jianing Wang, Qintong Li, Xiangru Tang, Tianbao Xie,
Xiachong Feng, Xiang Li, Ben Kao, Wenhai Wang, Biqing Qi, Lingpeng Kong, Zhiyong Wu

L J
__‘~

Preprint / WUCA @ ICML 2025 Oral
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Language Agents -> Computer-using Agents
Let’s start with some background on computer-using agents.

Remark: For computer-using agents, both GUI and CLI represent distinct approaches.

In ScienceBoard, we primarily focus on GUI-based interaction, complemented by CLI support.

Cmm—m—————

GUI Agents

Intelligent agents that operate within GUI environments, leveraging
LLMs as their core inference and cognitive engine to generate, plan,
and execute actions in a flexible and adaptive manner.
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Language Agents

Computer-using agents are language agents.

Text Input —— ——— Text Output

Language Models

Percepts @
—
#

Actions

LLM-based Agents
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Language Agents -> Computer-using Agents

Agents are promising, but building powerful computer-using agents is
challenging:

1. Agents need to follow human instructions.gﬂ
2. Agents need to perform planning and action. N\

3. Agents need to perceive envs.@@) and the applications @ they are interacting
with.
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Language Agents -> Computer-using Agents

What are “actions”
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Language Agents -> Computer-using Agents

Typical action: GUI grounding — the capacity to accurately locate screen elements
based on instructions, e.g., CLICK.

Browse

24 B¢

+
. X% ‘v

o In order to view the new album of Jony |, where should I click?

. GPT-40 (an earlier version): hmmm... Sorry I don’t know.

@ SeeClick: (0.49, 0.40) RB
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Computer-using Agents

Basic Action Custom Action

CLICK [[x, y]] LONG_PRESS [[x, y]]
SCROLL [Dir.]

TYPE [Text] SELECT [Ele.]
V.S. CLI
“Close the app”
1. Screenshot is information complete for agentic
tasks
2. GUI action space is much smaller and is shared
across platforms/apps 06

QE
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ScienceBoard Infra

So to achieve our goal, we need an environment that allows agents to actively interact.
1. Supports native multimodal interaction 58

2. Fully compatible with coding and conversational research assistance .

3. Enables rigorous validation .

A playground —a virtual machine pre-installed with well-adapted scientific software.
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ScienceBoard Infra

We build upon the OSWorld infrastructure for GUI interaction.

Config

{ "instruction": "Please update my bookkeeping sheet with
the recent transactions from the provided folder, detailing
my expenses over the past few days.", :
"config": [{"type": "download", Coordinator
"parameters": {"files": [
" e om i "
{"path": "/home/user/Desktop/my bookkeeping.xlsx", Gimuiian

"url": "https://drive.google.com/uc?id=xxxx"}, i
{"path": "/home/user/Desktop/receipt 0.jpeg", I—) Virtual Machine ; Virtual Machine
"url": "https://drive.google.com/uc?id=xxxx"},..1}}, Controller Control Receiver
{"type": "open", status, files, in
"parameters": { "path":
"/home/user/Desktop/my_bookkeeping.x1lsx"}}],
"evaluator": {"postconfig": [{"type": "activate window",
"parameters": {"window name": "my bookkeeping.xlsx - Task
LibreOffice Calc",... ],
"result": {"type": "vm file", Manager Postprocess
"path": "/home/user/Desktop/my bookkeeping.xlsx",
"dest": "my bookkeeping.xlsx"}, Set-up Getter
"expect: : {"type": "cloud file",
"path": "https://drive.google.com/uc?id=xxx",
"dest": "my bookkeeping gold.xlsx" },
"func": "compare_table",
"options": {
Trules' [
"type": "sheet_ fuzzy",
"sheet idx0": "RNSheetl",
"sheet idx1": "ENSheetl",
"rules": [ {"range": [ "Al:A8",... }1}]

suonoe

Virtual Machine Platform

screen capture
accessibility tree

Setup
Interpreter

Metrics Virtual Machine
Control Receiver

Evaluation
Interpreter

Reward by executing eval scripts

For CLI, we enable interaction by modifying the software itself and leveraging VSCode.
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Software f? Environment (Virtual Machine)

AllyTree

Screenshot — G
Pk by i ” VMManager

GrassGIS

Celestia

ChimeraX
¥ Lt Al
| 1
N 4 1,(5 MONITOR! i STATES
init ()i ltrue mg .. | D €
H</>
Task i ol “':» :: Task‘

Files Complete
= Config ==-==-
“S&  Files Setup Task %
m T Env
) - ! Incomplete
J# 0 Downloads ;‘\ /. T P
~.<_,¢

@~
> @)
'I ®

19’
IE
neo |
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The Dilemma of Evaluation

Evaluation is harder than we

Chimerax

Eile Edit Fayorites Presets

Home

Eile Edit Select Actions Tools Fayorites Presets Help select Actions Tools

Molecule Display | Nucleotides | Graphics

4
J & 4
stick sphere Ball

stick
Surfaces styles

Home | Molecule Display | Nucleotides Graphics Markers

J O AL

stick sphere Ball Plain
stick

Map

Right Mouse.
o - -
Sshow Sshow @show ® 9 @& ¢ & Show  S'show  @show
heteroatom chain polymer rainbow electrostatic hydrophobic b-factor nucleotide H-bonds Hide Sequence Interfaces

Hbonds

Hide Hide Hide Hide Hide Hide

Atoms  Cartoons ~ Surfaces Styles Coloring Analysis Atoms _ Cartoons

Log
minimum, -10.10, mean -1

o also show corresponding color
command and add key true
hide surfaces

4, maximum
enter the above coulombi

rainbow
coulom]

Coulombic values for best model.pdb A SES
minimum, -10.10, m¢
To sho

n -1.34, maximum 7.8

show nding
mmand and add key tru

hide surfaces

hide surfaces

color bfacto:
354 atoms, 48 residues, 1 surfa
719

Models
Name
» best_modelpdb

Command:
Colored 354 atoms, 0 surfaces, 48 residues, and rings

command:
354 atoms, 48 residues, 1 surfaces, atom bfactor range 34.6 to 71.9

It is impossible to “match”

s Help
Map

b
& .

Plain

expect, let’s take visualization as an example

Chimerax ChimeraX

File Edit Select Actions Tools Fayorites Presets Help

Home | Molecule Display | Nucleotides = Graphics ~Map Medicalimage = Markers Right Mouse

J &L B

Medicalimage | Markers

heteroatom chain polymer rainbow electrostatic hydrophobic b-fa;

Right Mouse

&'show Sshow @show

(3

H-bonds  Hide

H-bonds.
Anal

tor nucleotide

Hide Hide Hide

Coloring Atoms _ Cartoons _ surfaces Coloring

SF ChimeraX version: 1.9 (2024-12-11
024 Regents of the University of California. Al rights
reserved.
How to cite
set bgColor white

CSF ChimeraX

open

/home/user/Downloads/ChimeraX/AlphaFold/prediction_1/h

Computing secondary structure
color byhetero

bychain
color bypolymer

rainbow
Models

Name
best_modelpdb

F0F 0 e mmm

& v B ¢ &

k sphere Ball Plain  heteroatom chain polymer rainbow electrostatic hydrophobic b-factor nucleotide H-bonds Hide  Sequence Interfaces
stick H-bonds

Log

UCSF ChimeraX version: 1
© 2016-2024 Regen
reserved.

How to

set bgColor white

open
/home/user/Downloads/ChimeraX/AlphaFold/prediction_1/be:
Chain information for best_model.pdb #1

Computing secondary structure
color byhetero
color bychain

Models
Name
best_modelpdb
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How to Evaluate?

We rely on internal states.

By moditying the software, we access intermediate runtime states and
enable precise state-based evaluation, e.g., UCSF ChimeraX C)

Quick Links

UCSF ChimeraX H
Advantages
Documentation
User Guide
Tutorials and Videos
Presentations
Download
Toolshed
Statistics
Citing ChimeraX
Contact Us
Related Software

[Borza R et al. Science. 2025 Jul
3:389(6755):eadv2861

jcomplex. ire \mador

et al. Nature. 2025 Jun
19,642(8068):814-821.

L d d
jneuronal a-synuclein pathology.
[Enomoto \artinez-Valbuena | et

al. Commun Biol. 2025 Jun
16:8(1):929.

UCSF ChimeraX

UCSF ChimeraX (or simply ChimeraX) is the next-generation molecular visualization program from the R
Chin . ChimeraX can be downloaded free of charge for academic, government, nonprofit, and personal use. Commercial users, please see ChimeraX commel

ChimeraX is developed with support from National |

% ChimeraX on Bluesky: @chimerax.ucsf.edu

Feature Highlight

AlphaFold Fetch

AlphaFold is an artificial intelligence method for predicting protein structures. With the
AlphaFold tool or command, ChimeraX can search for and load predicted structures from the
freely available AlphaFold Database, automatically coloring them by confidence value:
100 | to 90 I - high accuracy

90 [ to 70 1 - backbone accuracy

70 [1to 50 [ - low confidence, caution

50 [ to O | — should not be interpreted, may be disordered

The figure shows the predicted structure of UniProt entry T¢
needed to import other proteins into mitochondria. See the command file
data and other setup (background color, etc.)

Opening a sequence from UniProt also opens a di
can be clicked to highlight those regions in both the sequence and the associated 3D structure.
The low-confidence part of this structure (orange and red) maps to compositionally biased and
likely disordered regions near the N-terminus of the sequence.

Example Image

Atomic B-factor values are read from PDB and mmCIF input files and assigned as 2
lom specification. This example shows B-factor variation within a structure of the HIV-1 protease
. For complete image setup, including positioning, col

lization, and Informatics (RBVI), following UCSF

g in which its annotations or “features”

bound to an inhibitor (PDB y, and label, see the comm:

Additional color key examples can be found in tutorials: Coloring by, Electrostatic Potential

Open w \" Lab | a Hugging Face

News

June 26, 2025

The ChimeraX 1.10 production
release is available! See the ch:
log for what's new.

May 7, 2025

The ChimeraX 1.10 release candidate
is available ~ please try it and report
any issues. See the chan

what's new.

March 19, 2025
uc!
f uildi
analysis is one of the 10
most cited papers

published in Protein
Science in 2023!

Upcoming Events

» ModelScope
B #H E

F0F 0 e mmm
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How to Evaluate?

We rely on internal states.

By moditying the software, we access intermediate runtime states and
enable precise state-based evaluation, e.g., UCSF ChimeraX C)

S Eraine eentteuners reels Tl dlastelaeEE
0.tool window. ToolWindow toolkit.maln w
----------- > 1ndow.tool 1instdnce to wimdowys™chimerax.

log.tool.Log object at
0x0000020AA8023B50>.#0.tool instance.page

_source
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ScienceBoard Infra
Software f? Environment (Virtual Machine)

Screenshot o
oo > e G VMManager

FeEiere o PR
- GrassGIS

Celestia

ChimeraX
Al A Al
| | 1
N 4)!|(5 MONITOR! | STATES
Evaluator 2 : [ 3 Obs : : Action I
init ()l ltrue @9 g D€
H </> B
Task N == » | Task‘
Files Complete
e Config ---——-
“&=  Files Setup Task (X
.= Env
: : . Incomplete
& Downloads | ; Interact

§~<‘

0] Aot

é@

i"'@
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Initial State Instruction Evaluation Script (Simplified)

Select all water molecules and {
draw their centroids with radius of "type":"info","key":"sell",
1A in ChimeraX. "value":["atom id #!1/A:201@0 idatm_type 03"
n Ve n ,]
A
"type":"states",
"find":"lambda k,v:k.endswith(’._name’)",
"key":"lambda k:’..._atoms_drawing’",
"value":"[[13.0012 1.7766 21.3672 1.]1]1"

Display and ONLY display the layer "type":"info",
of "boundary_region’ in Grass GIS. "key":"lambda dump:len(dump[’layers’])",
"value":1
},{"type":"info"
"key":"lambda dump:dump[’layers’][0] [’name’]",
"value":"boundary_region@PERMANENT"

£
-
-
®:
Ld
°
L]
]

Set the Julian date to 2400000 in "type":"info",
Celestia. "key":"simTime",
"value" :2400000,
"pred":"lambda left, right:abs(left-right) < 1"

CE L O
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“Approach to the Earth and display a solar eclipse in Celestia.”

"evaluate": [

{

"type": "info",

"key": "lambda dump: dump!'entity'! ['Earth'||'distance' ",
"value": 0,

"pred": "lambda key, value: abs(key - value) < 450000"

lltypell : llinfoll'
"key": "lambda dump: dump! ‘'entity'!['Sol'|!['visible'!'",
"value": false

Iltypell : Ilinfoll,
"key": "lambda dump: dump!/'entity'! ['Moon'!['visible'!",
"value": true

Iltypell : Ilinfoll'

"key": "lambda dump: (s := dump!'entity'! ! 'Sol']|!'position' , e := dump!/'entity'! 'Earth'!['position'|, m

:= dump!/'entity'!['Moon']| 'position'!, mv := [m[i] - e[i] for i in range '3 /|, sv := [s[i] - e[i] for i in
range 3 |, dp :=mvi@| * svi@| + mv[1ll * sv[l + mvi2/ * svi2/, mv := _ import__ 'math' .sqrt mv/0/**2 + mv
1%%2 + mv[2/%*%2 , sv := _ import__  'math' .sqrt svi@|**2 + sv/1|*%2 + sv[2/%*2,, dp / _mv * _sv )[-1",

"value": 0.99,
"pred": "lambda key, value: key > value"
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Next

Now agents can freely explore the environment and execute any actions they
choose.

But how well do these agents actually perform to automate science tasks?

What kind of benchmark is needed to truly evaluate their capabilities?
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ScienceBoard Benchmark (&

We aim to build a benchmark with:

1. Real-world tasks that human actually perform
2. Coverage across multiple disciplines

3. Graded difficulty levels

4. Support for cross-application workflows

5. Cross “modality” GUI + CLI

And more
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ScienceBoard Benchmark (s

Coverage:

Biochem, GIS, Astronomy, Algebra, ATP, Documentation
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ScienceBoard Benchmark (s

Our criteria for selecting software:
1. Stable operation on Ubuntu ‘

2. Open-source, allowing for adaptation
3. Accessible allytree, enabling text-based agents to participate (e.g., 01-mini)

4. License

O ¢ B

' &
TEX
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ScienceBoard Benchmark

How the benchmark is built

Agentic Prompt: You
are an expert in
Biochemistry...

Difficulty:
Easy

. Agentic Prompt | Difficulty ‘
- ® Agentic Prompt | Difficulty .— —
1

.
@

5 EITTIIETIE®
1
1
Step 1: Learn Tutorials Step 2: Task Curation Step 3: Task Formalization "
and Handbooks and Verification :
i
RO i & Vilidation |
e : | v n 1
Run Code s App Install i(){\ -
[~ foc =1 SISSRNR N e I
‘G'i@fﬁ Loy €== o e N RS ;se = :
|@&g. e e r{ ",l _____ - i
= S Write Code —~ File Downlogd €=========-= '
pass
Step 5: Write Evaluation Function Step 4: Task Configuration

Annotation pipeline
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ScienceBoard Benchmark (s

,SCIENCE
BOARD «
N

ChimeraX Quick Start Guide

& Celestia Users Guide « B MS Word document (zipped) or Read Online
« ™ [okymeHT MS Word wn PDF chaitn uan YuTaTs oHmaii UCSF Ch is the next-generation visualization program from the R or Bi puting, Visuali f at UC San Francisco, following Chimera. See also: Chi X tutorials
by Frank Gregorio « ¥ Document PDF (pour Celestia 1.6.0) Many ChimeraX actions require typing commands. The help for a specific command can be shown with the help command (for example, help style). Other ways to interact with the program include:
8 (i q clicking tooll s, optionally after maki
« = PDF Datej (fur Celestia 1.6.0-1) . Z,I‘LP 0 optionally after making
« ¥ Documento MS Word e OpenOffice (per Celestia 1.6.1, archivio Zip)  context menus shown by right-click (Ctrl-click on Mac, Alt-click on Windows trackpad)
o [ PDF X#4 (Celestia 1.6.1) Command-Execution Links
Clicking command links in the examples below will execute them in ChimeraX if this page is shown in the ChimeraX internal browser, such as with Help... Quick Start Guide in the ChimeraX menu.
Example Atomic-Structure Commands
Q Example structure: Protein DataBanl BV, black beetle virus capsid
Celestia Key Chart -
« ®PNG lmage open 2bb . Mouse drag to move.
) ; : ) « ™PNG |/|306pa>KeH|/|e color by = color /n teal
by The Learning Technologies Project Office ;
« T PNG Bf&
of NASA
‘g ; e ¥ MS Word document or Read Online
& CEL Scripting Guide =
« ™ [lokymeHT PDF (apxvs ZIP) File is fetched from the Change chainb 1o stick  Rotate by dragging, Hide chain ¢ atoms.
PDB in mmCIF format and  style. translate by dragging with
by Don Govette cached locally. Lighting middle mouse button or
y Y with shadows. with option key pressed
(Mac) (more
Mouse click with ctrl key .
. o f . . ) pressed to select an atom, Press ll‘]')*'ﬂlTl?W key, or
& SSC File Scripting Guide « 5 PDF document (zipped) ribbon /c command

or comm

select up

Celestia tutorials ChimeraX tutorials



Al Insight Talk

ScienceBoard Benchmark

Develop a large set of evaluation scripts

Manually validate their correctness.

Openw \" Lab | a Hugging Face

Initial State Instruction

Select all ligand(s) and color them
into magenta in ChimeraX.

There is a point located in the
Mediterranean Sea. Please find and
delete it.

Approach to the Earth and display
a solar eclipse in Celestia.

theorem TP_3

[TopologicalSpace X]

[TopologicalSpace Y]

(f: X->VY

(Z : set X)

(h; : Continuous f)

(hy : IsConnected Z)
IsConnected {y : Y |
3ze€Z, £fz=y}

:= by sorry

Ny ;ln#ls;i:npge | ;U$ | G MER

Evaluation Script (Simplified)

{
"type
"key":

"value":

A
"type":
"key":

"value":

"type":
"cmd":

"info,
isel",
["atom id /A:90N1 idatm_type N3+",

"info",
"rescolor /A",
["#1/A:1 color #d2b48c",

"db",

"countries@PERMANENT
"point",

"option": "coor"

"type":
"key":
"value
"pred":
A
"type":
"key":

"value":

He
"type":
"key":

"value":

"type":

"lambda out: out.strip()",
"cat|xlylz\n...|8.348947891274|0",
"lambda key, value: key == value"

"info",

"lambda ...[’Earth’][’distance’]",
0,

"lambda k, v: abs(k - v) < 450000"

"info,
"lambda ...[’Sol’][’visible’]",
false

winfo,
"lambda ...[’Moon’][’visible’]",
true

"info",
"lambda ...",
0.99,
"lambda key, value: key > value"

"placeholder"
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ScienceBoard Benchmark (s

,SCIENCE
/BOARD

Task Type Statistics
Total Tasks 169 ((212"2;{;’)) Evaluate autonomous computer-
- CLI 33 (19.5%) 0 using agents in realistic scientific
- GUI + CLI 98 (58.0%) =

ifficulty =
- Easy 91 (53.8%) N
i Medium 48 (284%) Struct. Prediction Meteme®
- Hard 28 (16.6%) ' P Settyy, Figure Editing
- Open Problems 2 (12%) s 9% Tasks require complex tool usage,
Instructions < S ' : Sag 1 4 1 e
Avg. Length of Task Instructions 20.0 = 2 i, scientific reason.mg, and multi Step
Avg. Length of Agentic Prompt 374.9 GUI/ CLI operatlons

Execution
Avg. Steps 9.0
Avg. Time Consumption 124(s)
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ScienceBoard Benchmark

1. 169 high-quality tasks across 6 domains:
Biochemistry, Algebra, Theorem Proving, GIS,
Astronomy, Documentation.

2. Tasks require GUI operation, visual/textual
reasoning, tool use, coding, spatial understanding.

3. CLI-only, GUI-only, hybrid workflows.
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Use Cases

Instruction: Predict the protein structure for the amino acid sequence of 'MGND...' via AlphaFold in ChimeraX.

Chimerax Chimerax
Fle Edt Select Actions ook Help Fle Edt Select Acions Tools Fayorites presets felp
Home | Molecule Display: *p  Medicalimage = Markers ht Mouse Home | Molecule Display ~ Nucleotides  Graphi Map Medicalimage  Markers Ri Home Molecule Display ~ Nucleotides Graphics Map Medicalimage Markers  Right Mouse

og 43 y '] I o . e < y I _— - chou aric P & & 8 &
[ ) J oL MR E M Q g S§SS20&s010 sow Sshow Sshow J @ A F. B B O I =
Open Recent sgf? snops stk sphere Ball  white Black Simple Soft Full Inspect Show Hide stick Sphere Ball  White Black Simple Soft Full i Stick sphere Ball Plain  heteroatom chain polymer_rainbo tic hydrophobic bactor nucleotide Hbonds  Hide  Sequence. Interfaces
b stick. movi stick Hide Hide k H-bo

Flle/ It Medicalimaging Background Lighting selection cartoons Styles ke Lighting Atoms _ Cartoons _ urfaces styles Coloring

Sequer Log
How to cite UCSF

File Edit Select Help

structyggh
~ mm— )
- . . {phaFold UCSF ChimeraX version: 1.9
AlphaFold Error P _ . |_prediic # (Ssm) & he © 20162024 Regents of th
e Data ESMFold 26 y nia. Al TOht insertRuntime _ Tools SADRGDITINNESGHLIVNTAILSGDIVILRGGEIRLY
? ibFold sible to all

Tools. ESMFold Error Plot

Runnifg Tools Model Looj - . | on
nd Line Interface Modeller Comparative set bgColor white S -
: -~ SADRGDITINNESGHLIVNTAILSGDIVILRGGEIRLY ‘hain information for best_model.pdb #1
Show code Fold prediction ipti

ailable

\ escription
Computing secondary structure

color byhetero
Get started color bychain
color bypolymer

se stru

25-03-03 04:22 2 p luagges in the AlphaFold database using BLAST.
5-03-03 4.1 d 000 re e new RS vsing Aproroldon e
25-03-03 04:22 5 alphafold2 ptn model 47000 re o "cmw:r&esmamh‘d by co Model
Hpes binmodel 3 secd 000 took 135 -
Predicted aligned error

Name
best_modelpdb

Errol

mmand: mmand ommand:
Welcome to Chimera Colored 354 atoms, 0 surfaces, 48 residues, and rings

Welcome to Chimerax
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Use Cases

Instruction: Show planets' orbits of Solar System in Celestia.
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CEEXCY Y K

,,,,,

ome to Celestia!

Openww- Lab | ﬂ""“i"g Face | Wan® QIMCRISEORT | %U qz | G mER
Display constellations with their boundries in Celestia.

I see the current state of Celestia, where the Earth is being displayed in
the main view. The task is to display constellations with their
boundaries in Celestia.

Looking at the accessibility tree, I can see there are several checkboxes
including "C" which likely stands for Constellations and "B" which
likely stands for Boundaries. These checkboxes are located in the main
toolbar and need to be checked to display the constellations and their
boundaries.

Currently, neither the constellations nor their boundaries are visible in
the screenshot. I need to click on both the "C" checkbox and "B"
checkbox to enable these features.

" python
import pyautogui
import time

# Click on the "C" checkbox to enable constellations
pyautogui.click(570, 93)
time.sleep(0.5)

# Click on the "B" checkbox to enable constellation boundaries
pyautogui.click(594, 93)
time.sleep(0.5)

# Zoom out a bit to get a better view of the constellations
pyautogui.press(minus')

time.sleep(0.5)

pyautogui.press('minus')
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CEEXCY Y K

,,,,,

ome to Celestia!
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Looking at the screenshot, I can see that my previous action to click on "C"
(Constellation) and "B" (Boundary) checkboxes worked correctly. I can see
constellation lines displayed around the Earth (the blue lines showing the
constellation patterns), and I can also see the boundary lines (the red/pink
lines showing constellation boundaries).

To get a better view of the constellations and their boundaries, I should
zoom out more and move away from Earth to see the full night sky. This
will give a clearer view of all the constellations.

" python import pyautogui import time

# Zoom out more to get a better view of the sky
pyautogui.press('minus’)

time.sleep(0.5)

pyautogui.press('minus’)

time.sleep(0.5)

pyautogui.press('minus’)

time.sleep(0.5)

# Use the right arrow key to rotate away from Earth
pyautogui.keyDown('right’)

time.sleep(2)

pyautogui.keyUp('right)

# Move slightly upward to get a better view of the sky
pyautogui.keyDown('up”)

time.sleep(1)

pyautogui.keyUp(‘up') "
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Evaluation: Observation

Proprietary Models . *

//
Opensource LLM / VLMs ‘ \\\(I/ At

y HBE
GUI Action Models ..




Al IﬂSIghf Talk Openwn\ﬁLab | @ HuggingFace | ¥a. GodRstore | AN ST | ) muR
Evaluation: Observation

Screenshot: Vision-only &

Allytree: Text-only

Screenshot + Allytree: Hybird %

Set-of-Mark B
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P2 Set-of-Mark ? “segmentation”

Partition an image into regions at

different levels of granularity +
label

Openwr\"}qub { aHuggingFace LT ';'"':;'5;""5 [ ;u%z | G MER

Input: Image

@ Conversation

GPT-4Vv

What is on the left side of the right laptop?

On the left side of the right laptop, there is a
cup or mug. X

| want to find a seat close to windows,
where can | sit?

You can sit on either of the two black
chairs in front of the white desks, as they
are closest to the windowed wall. X

Image + SoM

@ Conversation + Q‘g

What is on the left side of the right laptop?

On the left side of the right laptop
(numbered as 9), there is a lamp, which is
numbered as 12.

| want to find a seat close to windows,
where can | sit?

You can sit on the chair numbered as 7. It's
the closest seat to the windows
(represented by the area numbered as 1). «,
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Evaluation: General Setting
Our agents will generate ReACT-Style output

Step 1: To begin the molecular visualization task, I need to move the mouse to the ChimeraX icon.
action: {"action type": "moveTol, "xM: 721, Wy'': 1907}

StepZ2alinee dolaumekyib:

action: {"action type": "click", "x": 251, "y": 300}

Step 3: I move the mouse to the “Open” option and click to open the file dialog.

action: {™action*type": "moveTo" , *"x": 120, "y": S0%

Step n: I move to the “ball-and-stick” style option and click to apply it.
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Evaluation: General Setting

Table 3: Success rates on SCIENCEBOARD. We present the performance of each agent back-
bone across different scientific domains under various observation settings. Proprietary Models ,
Open-Source VLMs / LLMs , and GUI Action Model are distinguished by color.

Observations Model _ SuccessRate(®
Algebra Biochem GIS ATP Astron Doc  Overall
GPT-40 323%  000%  0.00% 0.00% 0.00% 625% 1.58%
. _1Eo0 Claude-3.7-Sonnet 9.67%  37.93%  2.94% 0.00% 6.06% 6.25% 10.48%
Opverall success rate remains low (avg. ~15%) G Gomini2.0Fiash 645%  345%  294% 000% 000% 606% 3.5%
Qwen2.5-VL-72B  22.58%  27.59%  5.88% 0.00% 9.09%  12.50% 12.94%
InternVL3-78B 645%  345%  0.00% 0.00% 0.00% 625% 2.69%
UL-TARS-15-7B  1290% 1379%  0.00% 0.00% 6.06% 0.00% 2.69%
: . GPT-4o0 1290% 20.69%  294% 0.00% 6.06% 0.00% 7.10%
Performance varies among domains Claude-3.7-Sonnet 19.35%  34.48%  2.94% 3.85% 12.12% 0.00% 12.12%
aliytree ~ Gemini-2.0-Flash 9.68%  17.24%  0.00% 0.00% 000% 000% 449%
03-mini 16.13%  20.69%  294% 3.85% 15.15% 625% 10.84%
Qwen2.5-VL-72B  9.68%  1034%  2.94% 0.00% 3.03% 0.00% 4.33%
InternVL3-78B 323%  345%  0.00% 0.00% 0.00% 0.00% 1.11%
Best results achieved with combined GPT-40 2258% 3793%  294% 7.69% 3.03% 12.50% 14.45%
. Scrcenshog | Claude-3.7-Somnet 1200%  4137%  8.82% 3.85% 9.09%  1875% 15.79%
Screenshot + al 1ytree Settlng Yallytree  Gemini-2.0-Flash 16.13% 24.14%  294% 0.00% 18.18% 12.50% 12.32%

Qwen25-VL-72B  16.13%  20.69%  2.94% 0.00% 18.18% 12.50% 11.74%
InternVL3-78B 645%  345%  0.00% 0.00% 3.03% 625% 3.20%
GPT-40 645%  345%  0.00% 0.00% 3.03% 12.50% 4.24%
Claude-3.7-Sonnet 16.13% 31.03%  5.88% 0.00% 6.06% 12.50% 11.93%
Gemini-2.0-Flash 3.23%  0.00%  0.00% 0.00% 3.03% 625% 2.09%
Qwen2.5-VL-72B  645%  690%  294% 0.00% 3.03% 12.50% 6.36%
QvQ-72B-Preview  0.00%  0.00%  2.94% 0.00% 3.03% 0.00% 0.49%
InternVL3-78B 323%  690%  294% 0.00% 0.00% 0.00% 2.18%

Human Performance 74.19%  68.97% 55.88% 42.31% 51.52% 68.75% 60.27%

Set-of-Mark
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° ‘ l S tt Table 3: Success rates on SCIENCEBOARD. We present the performance of each agent back-
Evalu atlon' ener a e lng bone across different scientific domains under various observation settings. Proprietary Models ,

Open-Source VLMs / LLMs , and GUI Action Model are distinguished by color.

Observations Model _ Success Rate (1)
Algebra Biochem | GIS ATP Astron Doc  Overall

GPT-40 3.23% 0.00% 0.00% 0.00% 0.00% 6.25% 1.58%

Claude-3.7-Sonnef 9.67% 37.93% 294% 0.00% 6.06% 6.25% 10.48%

Signiﬁcant performance gaps across domains! Screenshot Gemini-2.0-Flash| 645%  3.45% 294% 0.00% 0.00% 6.06% 3.15%
Qwen2.5-VL-72B | 22.58% 27.59% | 5.88% 0.00% 9.09%  12.50% 12.94%

InternVL3-78B 645%  3.45% | 0.00% 0.00% 0.00% 625% 2.69%

A t £ T e - UL-TARS-1.5-7B | 1290% 13.79% | 0.00% 0.00% 6.06% 0.00% 2.69%
EMLS pertorm muc etter In biochemistry GPT-4o0 1290% _20.69% | 2.94% 0.00% 606% 0.00% 7.10%
m : Claude-3.7-Sonnef 19.35% | 34.48% || 2.94% 3.85% 12.12% 000% 12.12%

and algebra cO pared to other fields. atiytree Gemini-2.0-Flash| 9.68%  17.24% | 0.00% 0.00% 0.00% 0.00% 4.49%
03-mini 16.13%  20.69% | 2.94% 3.85% 15.15% 6.25% 10.84%

Qwen2.5-VL-72B | 9.68%  10.34% | 2.94% 0.00% 3.03% 0.00% 4.33%

Why? “Tutorial learnlng” InternVL3-78B 323%  345% | 0.00% 0.00% 000% 000% 1.11%
GPT-4o 2258% 37.93% | 2.94% 7.69% 3.03% 12.50% 14.45%

Screenshog  Claude-3.7-Sonnef 12.00% [4137% || 882% 385% 9.09%  18.75% 15.79%

tallytree  Gemini-2.0-Flash| 16.13% 24.14% | 2.94% 0.00% 18.18% 12.50% 1232%

Qwen2.5-VL-72B | 16.13%  20.69% | 2.94% 0.00% 18.18% 12.50% 11.74%

. A InternVL3-78B 645%  345% | 0.00% 0.00% 3.03% 625% 3.20%
. A : . GPT-4o0 6.45% 3.45% | 0.00% 0.00% 3.03% 12.50% 4.24%
< \g/ N We see this as a key opportumty for the Claude-3.7-Sonnef 16.13% | 31.03%| | 5.88% 0.00% 6.06%  12.50% 11.93%
‘ ’ . ' SetofMark  Gemini-2.0-Flash| 323%  0.00% | 0.00% 0.00% 3.03% 6.25% 2.09%
future development Of science agents. Qwen2.5-VL-72B | 645%  6.90% 2.94% 0.00% 3.03% 12.50% 6.36%

QvQ-72B-Preview | 0.00% 0.00% 294% 0.00% 3.03% 0.00% 0.49%
InternVL3-78B 3.23% 6.90% 2.94% 0.00% 0.00% 0.00% 2.18%

Human Performance 74.19%  68.97% 55.88% 42.31% 51.52% 68.75% 60.27%
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Evalua‘tlon: G enera‘l S ettlng Table 3: Success rates on SCIENCEBOARD. We present the performance of each agent back-

bone across different scientific domains under various observation settings. Proprietary Models ,
Open-Source VLMs / LLMs , and GUI Action Model are distinguished by color.

Observations Model 7SWMT)7
Algebra  Biochem  GIS | ATP |Astron Overall
GPT-40 3.23% 0.00% 0.00% | 0. > ‘).()()‘.:Vo 25% 1.58%
Claude-3.7-Sonnet 9.67% 37.93% 2.949 .00% 16.06% 25% 10.48%
\ Gemini-2.0-Flash 6.45% 3.45% 2.94% | 0.00% |0.00% ;| 3.15%
0 0 0 Screenshot ” | '
ATP tasks remain particularly challenging. Qun2SVLTIB  2258% 2159%  S8%%) 0.00% [0.09%
? InternVL3-78B 6.45% 3.45% 0.00% | 0.00% 0.00% 25% 2.69%
Why. UI-TARS-1.5-7B 12.90% 13.79% 0.00%| 0.00% |6.06% 0.00% 2.69%
GPT-40 12.90% 20.69% 2.94% | 0.00% 16‘()6‘:'-5: 0.00% 7.10%
Claude-3.7-Sonnet 19.35%  34.48% 2.94% | 3.85% 112.12% 0.00% A
B 1 b 1 1 allytree Gemini-2.0-Flash 9.68% 17.24% 0.00% | 0.00 0% 0.00%
ecause agents struggle to balance norma I613%  2069%  294%) 385% [1515% 625%
. . . . o Qwen2.5-VL-72B 9.68% 10.34% 2.94%| 0.00% |3.03% 0.00%
operations, coding skills, and highly logical N i it iy
1 GPT-40 22.58% 37.93% 2 ] 3. 12.50% 14.4
reasonlng° % Claude-3.7-Sonnet 12.90% 41.37% i o | 3.85% |9. 18.75% 15.79%
Screenshot

Gemini-2.0-Flash 16.13% 24.14% 94% | (. [18.18% 17 12.32%
Qwen2.5-VL-72B 16.13%  20.69% 2.949 .00% 7 50% 11.74%
InternVL3-78B 6.45% 3.45% 0.00% | 0. 3% 25% 3.20%

+allytree

GPT-40 645%  345%  0.00% :
Claude-3.7-Sonnet 16.13%  31.03%  5.88% 0. 06%  12.50% 119

SetofMark  Gemini-2.0-Flash 323%  0.00%  0.00%| 0.00% [3.03% 625% 2.09%
Qwen25-VL-72B  645%  690%  2.94% 13.03% 6.36%
QvQ-72B-Preview  0.00%  0.00%  2.94%| 0. 03%  0.00% 0.49%
InternVL3-78B 323%  690%  2.94%| 0.00% [0.00% 0.00% 2.18%

Human Performance 74.19%  68.97% 5.88% 42.31% [51.52% 68.75% 60.27%
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Evaluation: General Setting

\ll MHF) FRIEE) EFEGS) BFEV) HRG BTR  KimT)  #HEIH) Main.lean - lean - Visual Studio Code — X
@ AR o XA £ Main.lean U X WE D - £ Lean Infoview X
o 007 = -Main-|ea” Waiting for Lean server to start...
/() v foo 1 import Foo
> build 2 ) )
I I I 1 1 = gitignore U B def ma1r.1 : I0 Unit := _I_
taS S re aln partlcu ar y C a englng g94 = 4 I0.println s!"Hello, {hello}!"
2: £ Foo.lean U
? ﬂ,> % Iakéﬁle.lean u
y . = Main.lean u
B
Lé

Hard to perform human-like operations

®
e.g., Autocomplete o >
X szrzﬁ ®» ®oAo 174, 5113 ZH&2 UTF-8 CRLF leand & & 0.
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Evaluation: General Setting

SoM? Does not fit all scenarios!

Open w \" Lab | a Hugging Face

» ModelScope

W #E % K

F0F 0 e mmm

Table 3: Success rates on SCIENCEBOARD. We present the performance of each agent back-
bone across different scientific domains under various observation settings. Proprietary Models ,
Open-Source VLMs / LLMs , and GUI Action Model are distinguished by color.

Observations Model

Screenshot

allytree

Screenshot
+allytree

Set-of-Mark

Algebra

GPT-40 3.23%
Claude-3.7-Sonnet 9.67%
Gemini-2.0-Flash 6.45%
Qwen2.5-VL-72B 22.58%
InternVL3-78B 6.45%
UI-TARS-1.5-7B 12.90%

GPT-40 12.90%
Claude-3.7-Sonnet 19.35%
Gemini-2.0-Flash 9.68%
16.13%
9.68%

3.23%

GPT-40 22.58%
Claude-3.7-Sonnet 12.90%
Gemini-2.0-Flash 16.13%
Qwen2.5-VL-72B 16.13%

InternVL3-78B 6.45%

03-mini
Qwen2.5-VL-72B
InternVL3-78B

Claude-3.7-Sonngt 16.13%
Gemini-2.0-Flaslk
Qwen2.5-VL-72B
QvQ-72B-Preview
InternVL3-78B

Human Performance

Biochem

0.00%
37.93%
3.45%
27.59%
3.45%
13.79%

20.69%
34.48%
17.24%
20.69%
10.34%

3.45%

37.93%
41.37%
24.14%
20.69%

3.45%
3.45%
31.03%
0.00%
6.90%
0.00%
6.90%

Success Rate (1)

GIS

0.00%
2.94%
2.94%
5.88%
0.00%
0.00%

2.94%
2.94%
0.00%
2.94%
2.94%

0.00%

2.94%
8.82%
2.94%
2.94%

0.00%
0.00%
5.88%
0.00%
2.94%
2.94%
2.94%

ATP

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

0.00%
3.85%
0.00%
3.85%
0.00%

0.00%

7.69%
3.85%
0.00%
0.00%

0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

Astron

0.00%
6.06%
0.00%
9.09%
0.00%
6.06%

6.06%
12.12%
0.00%
15.15%
3.03%

0.00%

3.03%
9.09%
18.18%
18.18%

3.03%

Doc

6.25%
6.25%
6.06%

12.50%

6.25%
0.00%

0.00%
0.00%
0.00%
6.25%
0.00%

0.00%

12.50%
18.75%
12.50%
12.50%

6.25%

12.50%
12.50%

6.25%

12.50%
0.00%
0.00%

Overall

1.58%
10.48%
3.15%
12.94%
2.69%
2.69%

7.10%
12.12%
4.49%
10.84%
4.33%

1.11%

14.45%
15.79%
12.32%
11.74%

3.20%
4.24%
11.93%
2.09%
6.36%

0.49%
2.18%
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Evaluation: General Setting

“Cognitive burden”

Activities

aNO0BeOENC

4 celestla-qts

Type
m Barycenter Ba

Planet
Planet

Referen
Dwarf plane
Dwarf planet
Dwarf planet
DwarT planet
Dwart planet
Dwarf plal

Dwarf plane

Jnmark Selected

openhll!'! Lab | Hugging Face | ¥ w- FIOGRISEORR |
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Evaluation: Modular Setting @ n a =

Planner + ACtion MOdel Planner Action Model Agent

Step 1: To begin the molecular visualization task, I need to move the mouse to the ChimeraX icon.
action: {"action type": "moveTo", "x": Y21, "y": 190}

StepZ2alinee dutolaumekyib:

Y@ (0] i er e Kolaledivy =Wt aatudall Builfell digilis el L@ o B g v AL 1 A1)

Step 3: I move the mouse to the “Open” option and click to open the file dialog.

action: F"afction*type’: ¥moveTo” # #'x": 120, 'Wy": OO0

Step n: I move to the “ball-and-stick” style option and click to apply it.
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Evaluation: Modular Setting (m '

_|_ f 6 6
-
Planner Action Model Agent

GPT-40 as the pl anner + GUI model Table 4: Success rates of different VLM agent combinations under the planner + grounding model
setting on SCIENCEBOARD. The observation setting used in this experiment is screenshot. Colors

denote Proprietary Models , Open-Source VLMs and GUI Action Models.

Clear performance improvement (up to ~20% SR) Dramer Grounding Model Success Rate (1)
Algebra Biochem GIS Astron Overall
b ; ’ ad) 0S-Atlas-Pro-7B  6.25% 1034%  0.00% 3.03% 4.92%
Separatmg plannmg and action offers a pI’OIIllSlng UGround-V1-7B  0.00% 3.45% 0.00% 3.03% 1.62%
A Qwen2.5-VL-72B  12.50%  34.48%  11.76%  9.09% 16.96%
: UI-TARS-72B 3.23% 10.34%  5.88% 6.06% 6.38%

GUI-Actor-7B 21.88% 44.83% 2.94% 12.12% 20.44%
GPT-40 3.23% 0.00% 0.00% 0.00% 0.81%
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Analysis
CLI is very helpful.

Finding: (V)LMs tend to prefer completing tasks via CLI when possible.

allytree Screenshot

w
o

N
(6)]

GUI + CLI
GUI Only |

o]
[e]

—_
o

>
Q
-
(o]
K15
wn
wn
[«)]
&)
(]
=
)]

(%2}

(=]

GPT-40 Qwen2.5-VL InternVL3 GPT-40 Qwen2.5-VL InternVL3 GPT-40 Qwen2.5-VL InternVL3

Figure 8: Extended analysis of Vision-Only vs. Hybrid Interface.

More analysis available in the paper!
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Leaderboard

Screenshot Ally Tree Screenshot + Ally Tree Set of Marks

Settings % Acc v % Alg % Biochem % GIS % ATP % Astron % Doc

Calude-3.7-Sonnet w/ screenshot... 15.79 12.90 41.37 8.82 3.85 9.09 18.75
GPT-40 (2024-08-06) w/ screensh... 14.45 22.58 37.93 2.94 7.69 . 12.50
GPT-40 (2024-08-06) w/ set_of_m... 14.45 6.45 3.45 0.00 . . 12.50
Qwen2.5-VL-72B w/ screenshot 12.94 22.58 27.59 5.88 . . 12.50
Gemini-2.0-Flash w/ screenshot+a... 12.32 16.13 24.14 2.94 . 12.50
Calude-3.7-Sonnet w/ ally_tree 12.12 19.35 34.48 2.94 . 0.00
Calude-3.7-Sonnet w/ set_of marks 11.93 16.13 31.03 5.88 . . 12.50
Qwen2.5-VL-72B w/ screenshot+a... 11.74 16.13 20.69 2.94 . 12.50
03-mini (2025-01-31) w/ ally_tree 10.84 16.13 20.69 2.94 . 6.25
Calude-3.7-Sonnet w/ screenshot 10.48 9.67 37.93 2.94 . . 6.25
GPT-40 (2024-08-06) w/ ally_tree 7.10 20.69 2.94 . . 6.06
Qwen2.5-VL-72B w/ set_of marks 6.36 . 6.90 2.94 . . 12.50
UI-TARS-1.5 w/ screenshot R 13.79 0.00 . . 0.00
Gemini-2.0-Flash w/ ally_tree X . 17.24 0.00 . . 0.00
Qwen2.5-VL-72B w/ ally_tree 2 K 10.34 2.94 . . 0.00
InternVL3-78B w/ screenshot+all... . K 3.45 0.00 . X 6.25

Gemini-2.0-Flash w/ screenshot . . 3.45 2.94 . . 6.06

https://qiushisun.github.io/ScienceBoard-Home/
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Towards High Value Area

Recap: Core capabilities and evaluation for GUI agents

Short-term Memory

@

Action History
Current State
Execution Trajectory

Structured Data

Long-term Memory

o

System 1
nteraction
nd Knowledge

Fast
Thinking

Slow
Thinking

Openw \'4 Lab | a Hugging Face Eas ;ﬂn#lS;anz

Screenshot

System 2

Task Decomposition
Lon m Consistency
Milestone R nition
Trial and Error
Reflection

Perception Evaluation

(.

Grounding Evaluation

Offline Agent
Capability Evaluation

>

Online Agent
Capability Evaluation

Action Space

Click Scroll Type

Metrics
Accuracy
ROUGE-L

Metrics

gl e

Step-level Metrics
Output I%

$)

-level Metrics
Output Label

7 B-FRe

Grounding
Caae—T|

F0F 0 e mmm
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Towards High Value Area

For science agents, we need to strike a balance!

@®

Action Planning

Domain
) 7 oa ~amp ?Ji Y| A
Knowledge
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Some Limitations

1. The current evaluation uses binary (0/1) scoring; allowing partial credit for intermediate
steps may better reflect real-world scenarios.

Challenge: exploration space!

2. All evaluated software is open-source distribute; incorporating commercial software
remains challenging.

Challenge: evaluation!
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Part4 | Future Direction
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Future Directions

» ModelScope

Openw\","Lab [ aHuggingFace TR |

r
2 P~
ol

Sheet Silde Web

Agent  Agent Agent

Image
Agent

Pool

Name: SheetAgent
Applications: Terminal, LibreOffice Calc

Capabilities: specializes in creating and modifying
spreadsheets using Python's openpyxl library,...
Limitations:cannot handle GUI operations, cannot
perform tasks outside capabilities of the openpyxl...

Demostation 1: Add a column to
calculate the profit margin assuming
a fixed percentage on 'Total' sales.

More demostations

MetaAgent 1

,ﬁ}, MetaAgent as
Router

execute
—9

Task_1: In a new sheet with 4 headers "Year", "CA changes”, "FA changes", and "OA changes"”,
calculate the annual changes for the Current Assets, Fixed Assets, and Other Assets columns.

vocab

word
token

routing ¥

self-
instruct
training

Task_2: Find the daily paper and take down the meta information of papers on 1st March,
2024 in the opened .pptx file. Please conform to the format and complete others.

MetaAgent as
<agent_1> Manager

[T 1]

<agent_n-1>

[T TT]

<agent_n>

agent
document

AgentEnroll

agent token

AGENTSTORE: SCALABLE INTEGRATION OF HET-
EROGENEOUS AGENTS AS SPECIALIZED GENERALIST

COMPUTER ASSISTANT

Chengyou Jia''2; Minnan Luo'™, Zhuohang Dang', Qiushi Sun?3, Fangzhi Xu'-2,
Junlin Hu?, Tianbao Xie®, Zhiyong Wu?>

1Xi’an Jiaotong University, 2Shanghai AI Lab, 3The University of Hong Kong
cp3jial@stu.xjtu.edu.cn, wuzhiyong@pjlab.org.cn

F0F 0 e mmm
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Future Directions

Integration with ?

This enables the adoption of more
methods, like
ScienceAgentBench.

Openw \" Lab | a Hugging Face

The Evolutionary Path of Language Models for Code

o s MaodelScope

W #E #H K

F0F 0 e mmm
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Future Directions

Mid-Training

Potential solution: Mid-training?

Breaking the Data Barrier — Building GUI Agents Through
Task Generalization

Junlei Zhang*oﬁ Zichen Ding*® Chang Ma* Zijie Chen®™ Qiushi Sun®

Zhenzhong Lan™ Junxian He*

¥Zhejiang University * Westlake University ~* Shanghai Al Laboratory
* The University of Hong Kong *HKUST
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Towards High Value Area

Generalization
Scope

S3

General

S2
Medium

S1
Narrow

Open w \" Lab | a Hugging Face

High Value Area

PT
Claude

Qwen2.5-VL
UI-TARS

OS-Atlas

@ OSCAR Agent S2
UGround i MobiIeA/;:t:tGLM
AppAgent
Microsoft
O Copilot 0S-Genesis

SeeClick CogAgent AgentStore

OS-Copilot
Pix2Act
WebAgent  pc_agent
GitHub

Cortanas n SheetCopilot Copilot

L1 L2 L3 L4 L5
Execution Planning Adaptation Orchestration Proactivity

OS-MAP: How Far Can Computer Use Agents Go in Breadth and Depth?

Preprint / WUCA @ ICML 2025

General-Propose Model

Action Model
Agentic Model
Agent Framework

Commercial Product

Automation
Level

» ModelScope
B #H E

F0F 0 e mmm
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Towards High Value Area

1. Operating robotic arms?

2. Controlling exoskeletons?

3. Utilizing highly specialized scientific software?

@]
X AFISE (ScienceBoard)

4uw

We are just standing at the dawn of a long journey!
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» arXiv © Code VM Snapshot

https://qiushisun.github.io/ScienceBoard-Home/
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We are just standing at the dawn of a long journey!

Thanks for listening!

Contact: qiushisun@connect.hku.hk



