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A Functional Taxonomy
of World Models

Renderers, Simulators, Planners, and the Loop
That Connects Them
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Neural latent
world models
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Vector latent space

e Learn from data
e Dynamics in vector space

e Structure implicit

N

VisualPatchWorld
(ours)

{
for t in range(T):
objs = sense()
objs = update(objs, a_t)
render(objs)

}

Executable program

e Code as structured latent
e Data-driven induction
¢ Simulator-style &

planner-ready

Curated
simulators
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Explicit physics engine

e Explicit state & physics
* Inspectable / editable

¢ Hard to build at scale
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PatchWorld: Gradient-Free Optimization of Executable World Models for Agent Environments

Jiaxin Bai, Yue Guo, Yifei Dong, Jiaxuan Xiong, Tianshi Zheng, Yixia Li, Tianging Fang, Zihao Wang, Lihui Liu, Jeff Z.
Pan, Yangqiu Song, et al.

arXiv:2605.30880 https://github.com/HKBU-KnowComp/PatchWorld
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Figure 1, PatchWorld. ZAZ53€A AgentGym  (Xi et al., 2025) - AlfWorld, BabyAl, Maze, SciWorld, TextCraft, WebShop, Wordle,
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class WorldModel: # 3A—k, MEBEIRE I A T —
def parse_observation(o) -> State . (8BS, EENELHENEIASY . TAESE]
def init belief(o) -> State — N
def predict_belief(s, a) ~> State . S, EIENNSREEEE, RENRE
def readout_observation(s, a) -> str VAR {HataEEy,
def correct belief(s, o) -> State - Bl RAREEETTE (HI—SHES:
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PatchWorld: Generative Optimization of Executable World Models from Agent Trajectories
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Figure 2, PatchWorld. BB 45 | SHITFACFEFS AL (Solar-Lezama et al., 2006) FHAE/F2Z POMDP 307 F,

Jiaxin Bai, HEERESAF 9



o= sr s 1
K semeryTmesrmrEess [ HKBU
4 AgentGym IR, HER—EEHIEMRE, BT1REL Qwen3-Coder-480B,

HENRREARD

Word2World EF, (SFT) 0.85 63.5%
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Figure 3, PatchWorld. 245, 1\ AEZFL,
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VisualPatchWorld: Code World Models as Latent Structured Representations for Planning
Jiaxin Bai, Jiaxuan Xiong - HEESKFE

arXiv:2607.25236 https://github.com/HKBU-KnowComp/VisualPatchWorld
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(a) Reacher open-loop error (b) PushT block motion (px, ep 19)
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L1: Active Probing
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~
L2: Rollout Fit
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N
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Two-Level Program Induction
( Level 1: Active Probing (Structure Discovery) ( Level 2: Parameter |dentification )
Black-box simulator f model_template.py
_ # PD agent + quasi-static block + contact
reset(state) . T step(action) scale = ?
——— kp = ?

kv = ?
No source code, no parameters.

def step(state, action):
) step-response test ) Momentum test ) Contact test e
(agent law) (block law) (actuation) \. J/
| C:\
! - > - | > ! I Collect rollouts Optimize Parameters Validate
PD (second-order) vs Quasi-static vs momentum Contact-driven vs . N - -t Y
memoryless (first-order) action-driven - 2
W i Ml
Axis A Axis B Axis C Active probing Minimize prediction Goodness-of-fit on
(Agent law) (Block law) (Actuation law) experiments error held-out rollouts
PD memoryless quasi-static momentum contact-driven | action-driven
X v X 7 X
. Identified parameters
0 scale*, kp*, kv*
3 independent binary decisions = 8 hypothesis sketches

Model reproduces simulator behavior

S—Ptic, BUIPOERNLRE, NRNSDZLANEFIEE—TREERILI.
BoRERY. LR ENRRIRENBR, HESRERRIML, EUGEEATIZFHY.
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HEERIIZREE, HHERY oracle ENIXIIAZ. HEINEEMLIES. BIIZ %, n=50, FBHIFF 42,

T — LT L i L

LeWM (#8142, RGB £HR) 85.8
DINO-WM (42, RGB Zf8&) 100 79 74 86 84.8
PatchWorld 98 8 0 66 43.0
WorldCoder 60 6 0 74 35.0
POMDP-Coder 98 18 0 66 45.5
PoE-World 6 18 0 84 27.0
GIF-MCTS 6 20 0 66 23.0
VisualPatchWorld 96 72 22 86 69.0

. SHSEIBRE. LVEBAFRRREESLZ: POMDP-Coder & 23.5 R, EE PatchWorld B 26.0 /N,

- IRHREIME. Reacher A8 2| 72 (KT5=(AI/IF) . Cube )\ 66 | 86 (FMEN J=HAd) . PushT A0 B 22 (
EEmE) .
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[1] Tianshi Zheng, Kelvin Kiu Wai Tam, Newt Nguyen Kim Hue Nam, Baixuan Xu, Zhaowei Wang, Cheng Jiayang, Hong Ting Tsang, Weiqi Wang, Jiaxin Bai, Tianging Fang,
Yangqiu Song, Ginny Wong, Simon See: NewtonBench: Benchmarking Generalizable Scientific Law Discovery in LLM Agents ICLR’26

Jiaxin Bai, HEESEXF 19
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B{ERR- FEESAKE - baijiaxin@hkbu.edu.hk - https://bjx.fun
PatchWorld: arXiv:2605.30880 - VisualPatchWorld: arXiv:2607.25236
https://github.com/HKBU-KnowComp/PatchWorld

https://github.com/HKBU-KnowComp/VisualPatchWorld
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