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While LLM/VLM-powered Al agents have advanced rapidly in math, coding, and computer use, their
applications in complex physical and social environments remain challenging. Building agents that can
survive and thrive in the real world (e.g., by autonomously earning income or running a business) requires
massive-scale interaction, reasoning, training, and evaluation across diverse embodied scenarios. However,
existing world simulators for such development fall short: they often rely on limited hand-crafted environments,
simulate simplified game-like physics and social rules, and lack native support for LLM/VLM agents. We
introduce SIMWORLD, a new simulator built on Unreal Engine 5, designed for developing and evaluating
LLM/VLM agents in rich, real-world-like settings. StIMWOoRLD offers three core capabilities: (1) realistic,
open-ended world simulation, including accurate physical and social dynamics and language-driven procedural
environment generation; (2) rich interface for LLM/VLM agents, with multi-modal world inputs/feedback
and open-vocabulary action outputs at varying levels of abstraction; and (3) diverse extensible physical and
social reasoning scenarios that are easily customizable by users. We demonstrate SIMWoRLD by deploying
frontier LLM agents (e.g., GPT-40, Gemini-2._5-Flash, Claude-3.5, and DeepSeek-Prover-V2) on
long-horizon multi-agent delivery tasks involving strategic cooperation and competition. The results reveal
distinct reasoning patterns and limitations across models. We open-source StMWoRrLD and hope it becomes a
foundational platform for advancing real-world agent intelligence across disciplines: https://simworld.org.
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1. Introduction

Large language and vision models (e.g., LLMs and VLMs) have emerged as powerful foundations for building
intelligent agents, demonstrating remarkable reasoning capabilities, particularly in structured domains such as
mathematics, coding, and computer use (e.g., web browsing). Howevernth#sematicalinddigital settings

are relatively clean, with well-de ned rules and clear feedback. In contrast, the emhadisidalandsocial

worlds, where real-world agents and robots are ultimately expected to operate, are inherently complex, noisy,
dynamic, and unpredictable. In such environments, agents must interact with rich and evolving contexts, from
navigating urban spaces and interacting with humans, to pursuing long-term goals such as earning a living,
building a career, or running an organizatipn (Ahn et al., 2022; Driesd et al, 2023; Wang et al., 2023).

To advance embodied agent development, recent e orts have explored simulation environments that o er di erent
interactive experiences for training and evaluation (Table 1). However, game-like platforms such as Minecraft (Fan
et al., 2022; White et al., 2025; Wang et al., 2023; Long et al., 2024; Liu et al., 2024; Li et al., 2025a) and
Pokémon (Ha, 2025; Anthropic, 2025) provide accessible setups for embodied interaction but lack realistic
physical dynamics and social structures, limiting real-world generalization. Domain-speci ¢ simulators such
as CARLA (Dosovitskiy et al., 2017) and AlI2-THOR (Kolve et al., 2017) target areas like autonomous driving
and household robotics but are limited to narrow task scopes or static environments. Social sandboxes such
as Virtual Village (Park et al., 2023) and Project Sid (AL et al., 2024) simulate interpersonal interactions in
scripted, small-scale communities, but lack the open-endedness and scalability required for modeling richer social
complexity. Moreover, many of these environments do not support natural language interfaces for goal setting,
planning, and control, limiting their compatibility with modern LLM-based agents.

To meet these growing demands, we pres&mt\World , a platform designed to support the development and
evaluation of autonomous agents in complex, dynamic, and interactive environi@entorld is grounded in
three core design principles (Figure 1):

1) Realistic, Open-Ended World Simulation. SimWorld advances simulation by integrating two key aspects:
realistic physical and social dynamics, angen-ended, language-steerallerld generation. On the realism
side,SimWorld produces complex, dynamic environments grounded in physical laws (e.g., gravity, momentum)
and enriched with dynamic elements such as lighting, weather, and pedestrian ow in city-scale 3D scenes.
It also embeds socially grounded behaviors, such as obeying tra ¢ signals and maintaining personal space,
directly into agent logic to support realistic interactions. On the open-endediidé/orld o ers a broad

range of scenes (e.g., city, countryside, wilderness, islands) and supports in nite environment expansion through
procedural generation, including diverse road networks, building layouts, and urban con gurations. Moreover,
users or Al agents can modify scenes on-the- y via natural language prompts &ld..a tree next to the

hospital ). Powered bySimWorld 's LLM-based editing and asset-generation modules, this capability enables
adaptive, interactive world creation.

2) Rich Interface for LLM/VLM Agents. SimWorld provides aGym-like interfacehat enables LLM/VLM

agents to interact with simulated worlds usgen-ended natural language actiorgents can perceive rich
multimodal observations (e.g., visual scenes, abstract layouts, and action feedback) and respond with high-level
language commands. For example, an agent may reason and generate an abstraditatiorthe nearest

chair, which SimWorld automatically decomposes into a sequence of low-level actions (e.g., navigating
through waypoints, sitting down). After executing the actions, the simulator provides updated observations and
feedback, allowing the agent to re ne its strategy and continue reasoning. This closed-loop interaction supports
open-ended, language-driven behaviors and empowers agents to perform long-horizon reasoning at a proper
abstraction level.

3) Diverse Physical and Social Reasoning ScenarioBuilding on the above physically and socially grounded
environments and the agentic interfaBanWorld naturally supports systematic evaluation and training of agent
reasoning in diverse realistic, long-horizon settings. Beyond short, task-oriented behaviors, agents can pursue
extended objectives such as earning money, developing a career trajectory, or running a multi-agent business,
where strategic decisions compound over time and social dynamics in uence outcomes. To illustrate how these
capabilities integrate in practice, we showcad@etivery Taska case study demonstrating how physical and
social reasoning jointly lead to multi-agent collaboration and competiti@irm/Aorld . The task models an

urban delivery economy in which agents bid, invest, and share orders while navigating dynamic environments.



Table 1:Comparison of SimWorld and Existing Simulators across key dimension®pen-ended World

(procedural scene/asset generation, language-controllable edithygjcal/Social Realisn( delity to real-world

mechanics) Action Space (action abstraction level, open-vocabulary action spa&ggnt Type (types of
controllable agents: Humanoid (Hum.), Robot, Drone or Vehicle (Veh.)),Ringics Engine(underlying
simulation engine). H means high-level actions (e.deliver , navigate to ), and L means low-level
actions (e.g.,forward by 1 step ).

Simulator Open-ended World Physical/Social Action Space Agent Type Physics Engine
Procedural  Lang.-Ctrl Realism Abstr.  Open-Vocab
Minedojo (Fan et al., 2022) 3 7 + L 7 Hum. Minecraft
Mindcraft (White et al., 2025) 3 7 + H 7 Hum. Minecraft
MetaUrban (Wu et al., 2025) 3 7 ++ L 7 Veh. PyBullet
EmbodiedCity (Gao et al., 2024) 7 7 +++ L 7 Drone/Veh. Unreal Engine
CARLA (Dosovitskiy et al., 2017) 7 7 +++ L 7 Veh. UE & Unity
GRUtopia (Wang et al., 2024a) 7 7 ++ L 7 Hum./Robot Isaac Sim
OmniGibson (Li et al., 2024) 7 7 ++ H/L 7 Robot Omniverse
AI2-THOR (Kolve et al., 2017) 3 7 ++ L 7 Robot Unity
Habitat 3.0 (Puig et al., 2023) 7 7 ++ L 7 Hum./Robot Bullet
Genesis (Authors, 2024) 3 7 +++ L 7 Robot Taichi
VirtualCommunity (Zhou et al., 2025) 3 7 ++ L 7 Hum./Robot Genesis
UnrealZoo (Zhong et al., 2025) 7 7 +++ L 7 Hum./Robot/Veh.  Unreal Engine
SimWorld 3 3 +++ H/L 3 Hum./Robot/Veh.  Unreal Engine

With di erent personas, budgets, and tools (e.g., vehicles), agents develop diverse strategies shaped by their goals
and changing conditions (e.g., uctuating prices). The task highlights complex decision-making and long-horizon
planning, where cooperation, competition, and emergent social behaviors arise naturally.

We deploy frontier LLMs as agents such@PT-49 Claude-3.5-Sonnet , Gemini-2.5-Flash , and others on

the Delivery Task We observe thaflaude-3.5-Sonnet andDeepSeek-V3arn the highest pro ts, but often

behave erratically, such as overbidding on low-value orders or spending all their money on scooters they never use.
In contrastGemini-2.5-Flash andDeepSeek-Prover-V2 follow more conservative, stable strategies, trading

peak performance for consistency. Personality traits also shape agent behavior: conscientious agents focus on
task completion, while open agents explore but frequently lose money. These ndings expose both the strengths
and limitations of LLM-based agents, while revealing rich, often unexpected behaviors that emerge from their
interaction with complex environments.

We open-sourc&imWorld with the aim of establishing a foundational infrastructure for real-world agent
research across disciplines. By supporting advanced LLM/VLM-based agents and enabling large-scale, realistic
agent environment and agent agent interactioBanWorld expands the capabilities of modeagent-based
simulation (ABS)This allows researchers in robotics, business, public health, social science, education, and
beyond to study complex systems and emergent behaviors in rich, dynamic, and controllable environments. More
details of theSimWorld project are available at https://simworld.org.

2. TheSimWorld Simulator

Realistic, open-ended, and natively LLM/VLM-compatible simulators are crucial for advancing agent development
in complex physical and social scenari@mWorld takes a step toward this goal through a three-tier architecture
as illustrated in Figure 2. It separates thereal Engine Backen¢lY2.1) from two added Python layers: the
Environmentayer providing in nite environment generation and standard Gym-like environment-agent interface
(Y2.2), and thedgentlayer supporting diverse input observations, open-ended output actions, and di erent
reasoning/planning components (Y2.3). In addition|theealCV+ communication module enables seamless
interaction between the Unreal Engine backend and the Environment layer (Y2.4).

2.1. Unreal Engine Backend

The Unreal Engine backend forms the foundatiolsohWorld , providing high- delity rendering and physics
simulation. It consists of three tightly coupled modules: $tenegY2.1.1) supporting both procedurally
generated and curated maps; A8pet Library (Y2.1.2) ensuring diverse and physically grounded content; and
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Figure 2:Architecture of SimWorld . SimWorld adopts a hierarchical, closed-loop architecture that decouples
agent reasoning from high-performance rendering while maintaining coherent information ow across modules.
At its core, theUnreal Engine Backengrovides high- delity scenes, assets, and physics, serving as the foundation
for realistic simulation. Built upon it, th&nvironmentayer functions as an intermediary that abstracts the
underlying rendering and physics into structured representations. It enables procedural city generation, tra c
simulation, and exposes a Gym-like interface for agent interaction thidngralCV+ TheAgentlayer operates

on this interface, integrating LLM/VLM agents that interpret observations fronEtihdronment perform
reasoning, and issue actions that are subsequently executed throl&gtviteemmenst connection to thénreal

Engine Backendhereby forming a closed perception planning-action loop.

(3) Physics Simulation(Y2.1.2) governing realistic physical behaviors.

2.1.1. Diverse Scenes
SimWorld supports two scene-building modes: handcrafted scenes and procedurally generated scenes.

Handcrafted Scenes. Thanks toaSimWorld 's foundation in Unreal Engine, users can easily import a large
collection of high-quality environments directly from the Unreal Engine Marketplacereate custom scenes by

https://mww.fab.com/



Figure 3:Example Scenes irsimWorld .

hand. In our current implementation, we curate over 100 handcrafted $spaeming a wide variety of visual

and structural styles, from ancient towns and natural landscapes to futuristic cities and imaginative fantasy worlds.
Each scene provides distinct visual cues, spatial layouts, and interaction a ordances, enabling thorough evaluation
of embodied agents across diverse settings. Figure 3 illustrates several examples.

Procedurally Generated Scenes. Complementing these handcrafted asseitmWorld features a procedural
generation module for automatically constructing diverse urban environments. Users can specify high-level
parameters (e.g., city size, road density, layout style), and the system generates large numbers of city variants
e ciently and consistently. This supports scalable experimentation under controlled, customizable conditions.
Additional details are provided in Section 2.2.1.

By combining high- delity handcrafted scenes with exible procedural generatmWorld o ers a broad and
extensible set of environments suitable for both controlled experiments and open-ended agent research.

2.1.2. Rich Assets and Physics Realism

SimWorld provides a comprehensive asset library to support realistic, physics-driven simulations across diverse
environments. The system integrates static assets (e.g., buildings) and dynamic assets (e.g., pedestrians), and
further incorporates environmental factors (e.g., lighting, weather) to create immersive virtual worlds. It also
supports a wide range of animations and interactions, enabling agents to perform diverse actions faithfully within
the environments.

Object Assets. The object asset library forms the structural backbon8iofWorld environments, where each

scene can be viewed as a composition of multiple object assets. These assets include detailed material de nitions
and collision meshes, enabling a wide range of physically accurate interactions such as re ection, occlusion,
and contact dynamics. Overall, they can be broadly grouped into three categoriasiding assetsPrimary

2TheSimWorld release includes all scenes as executable builds, availahtgst/github.com/SimWorld-Al/SimWorld
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Figure 4:Embodied Agents.SimWorld supports three types of agent embodiments: vehicle, robot, and human.

structural elements of urban scenes, covering a wide range of architectural types (e.g., residential, commercial,
industrial) and supporting both indoor and outdoor environment constructioie(gtation assetd\atural

elements such as trees, grass, and shrubs, modeled with realistic material appearance and optional seasonal
variations. (iii)Urban prop assetsFine-grained objects such as benches, mailboxes, lampposts, and tra c signs,
enabling diverse agent interactions such as sitting, opening, or manipulating objects.

Text-to-3D Asset Generation. To further expand the range of available obje&snWorld introduces an

Asset Generation Pipelineased on recent Text-to-3D models (Hunyuan3D, 2025). This system allows users

to describe assets in natural language, automatically generating 3D objects with consistent scale, texture, and
physical properties. The generated assets can be seamlessly integrated into the simulator, inheriting various
properties (e.g., materials, lighting, collision con gurations) compatible with UE's physics engine.

Characters and Embodiments. Character assets BimWorld represent embodied entities capable of acting,
navigating, and interacting within the virtual environment. The system supports three primary types of agent
embodiments: human, vehicle, and robot (Figure 4). Human embodiments capture diverse human appearances
and employ fully rigged skeletal structures that enable realistic animations produced through coordinated
bone articulation, such as running or carrying objects. Vehicle embodiments reproduce a range of real-world
transportation modes (e.g., buses, cars) and implement accurate physical driving dynamics, such as acceleration,
steering, braking, and traction. Robotic embodiments model speci ¢ categories of robots (e.g., quadruped systems)
with realistic actuation, joint control, and sensing modules, making them suitable for evaluating robot locomotion
and stability across di erent environments and tasks. All these embodiments operate within a uni ed physics
framework and share common attributes (e.g., mass, inertia, contact forces), which ensures consistent handling of
physical properties and interactions across all entities.

Weather and Lighting. SimWorld supports a wide range of lighting and weather conditions. The lighting
system models multiple light types (e.qg., directional, ambient, and dynamic sources) with controllable parameters
such as intensity, orientation, and color temperature. The weather system supports a variety of conditions (e.g.,
rain, snow, and fog) that in uence visual appearance and drive atmospheric e ects, including phenomena like
fog-induced light scattering. Together, these components recreate the complexity and dynamism of real-world
environments, enabling the study of embodied agents' perception and adaptation under realistic conditions.

Physical Dynamics and Animations. Powered by Unreal Engin&imWorld provides accurate and continuous
physical simulation. Unlike popular agent environments such as Minecraft (Fan et al., 2022; Yu et al., 2024),
which rely on discrete, block-based mechanics without real gravity or in&itiay\World models real-world
physical dynamics. Agents are subject to physical forces that produce grounded behaviors like sliding down slopes
or tripping over steps. These e ects produce physically grounded, embodied interactions. By combining Unreal
Engine's physics engine with physically informed animations (e.g., motion blending, inverse kinematics, collision
responses)SimWorld maintains coherence between motion and environmental forces, enabling believable and
adaptable agent behaviors in complex environments.
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Algorithm 1 Procedural City Layout Generation using QuadTree
Input: Con guration parametersonfig

=

2: Output: Final QuadTre®.jyy representing the city layout

3: Initialize empty QuadTre&ity

4: if s = roadthen

5: Generate road network via growth-based model . Procedural street expansion
6: Insert road geometries intQg . Store road segments
7 Merge Qs into Qcity . Integrate road layout
8: if s = buildingthen

9: Sample building candidates (orientation, position)

10: Reject invalid samples by collision test . Spatial consistency ltering
11: Greedy Il remaining gaps with valid buildings

12: Insert buildings intdQg

13: Merge Qs into Qcity . Integrate building layout

14: if s = street elemerthen

15: Sample decorative/environmental elements

16: Reject overlapping samples by collision test

17: Insert detail elements intQs

18: Merge Qs into Qcity . Integrate street-level details
19: return Qciy

2.2. Environment

SimWorld introduces an environment layer on top of the Unreal Engine backend (Figure 2). This layer manages
the creation and organization of simulated environments and provides a clean abstraction that enables easy
deployment of agents into Unreal Engine based worlds through Al-native, user-friendly interfaces, without
requiring users to handle the complexities of the underlying UE system. Speci cally, the environment layer
integrates modules for Procedural City Generation (Y2.2.1), LLM-based Scene Editing (Y2.2.2), Tra ¢ Systems
(Y2.2.4), and, crucially, a Gym-like Interface (Y2.2.5) for agent environment interaction. It also o ers an auxiliary
Waypoint System (Y2.2.3) that simpli es agent navigation within complex worlds.

2.2.1. Procedural City Generation

Previous simulators typically rely on a limited set of hand-crafted scenes (e.g., 15 scenes in CARLA and 211
scenes in Habitat 3.05imWorld develops a procedural generation system (Figure 5a) capable of producing
diverse, unlimited urban environments, including road networks, building layouts, dynamic tra ¢, and ne-grained
elements like street furniture, enabling e ectively in nite simulation scenarios. All parameters (e.g., city size,
building density, vehicle and pedestrian count) are customizable, allowing users to generate varied and controllable
environments with minimal manual e ort.

Inspired by (Phiresky, 2024%imWorld 's procedural generation system adopts a modular and extensible
architecture. The pipeline proceeds through three sequential stages: road generation, building generation, and
street element generation, each progressively enriching the environment with structural and visual complexity.
The system constructs a hierarchical scene graph based on a quadtree data structure as illustrated in Algorithm 1.

Road Generation. Road generation de nes the structural backbone of the city layout. Roads are rst initialized
and then expanded using a spanning-tree based algorithm with a priority queue that balances depth and branching
during network construction. Additional procedures, including road-end attachment and intersection validation,
maintain topological coherence and realism in the generated layout.

Building Generation. Following the road generation stage, the pipeline proceeds to building generation, where
building assets are procedurally instantiated along road segments. Candidate locations are sampled and validated
for spatial feasibility to prevent overlap. A greedy placement strategy then lIs residual gaps near intersections
and road ends, improving spatial utilization and maintaining visual consistency.
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(a) Procedural City Generation (b) LLM-Controllable Scene Edit

Figure 5:Overview of Procedural City Generation and LLM-Based Scene Editing.

Street Element Generation. Finally, street element generation adds detailed environmental elements (e.g.,
trees, road cones, benches, and parked vehicles). Elements are categorized and positioned based on contextual
zones, either adjacent to buildings or along sidewalks. While strict collision enforcement is relaxed to maintain
performance, placement still respects basic accessibility and spatial coherence constraints.

2.2.2. LLM-based Scene Editing

Beyond procedural generatidBimWorld supports natural language-based scene editing (Figure 5b), enabling
dynamic world construction through open-ended instructions. Users or Al agents can modify scenes on-the-y
with commands such agdd a red sports car next to the hospital near a museum . SimWorld

contains a retrieval-augmented LLM-based scene agent that grounds the command by querying the current
environment's scene graph. The agent identi es the intended location using spatial anchorbdspital )

and contextual landmarksrouseun), retrieves a matching asset from a library, and inserts it accordingly. If a
suitable asset is unavailable, the agent invokes an o -the-shelf text-to-3D generation model (Hunyuan3D, 2025)
to synthesize a new object from the prompie@ sports car ), converts it into a compatible format, and
integrates it into the environment. This approach enables semantically grounded, spatially coherent, and scalable
world construction, laying the foundation for interactive and compositional simulation.

2.2.3. Waypoint System

SimWorld implements a waypoint system that provides a structured representation of navigable space to support
agent navigation and path planning (Figure 6). As an auxiliary abstraction layer, the waypoint system simpli es
movement by o ering a clean, graph-based representation of where agents can go and how they can get there. It
forms the spatial backbone for both the tra ¢ system (Y2.2.4) and the action planner (Y2.3.4), enabling agents to
move e ciently through complex environments.

The system includes two complementary waypoint representations, coarse-grained and ne-grained, which together
create a uni ed navigation graph. Coarse waypoints capture high-level connectivity (e.g., roads, intersections),
while ne-grained waypoints represent detailed walkable paths. This hierarchical structure enables exible and
robust navigation behaviors, including lane following, turning, detouring, and obstacle avoidance.

Coarse-grained Waypoints. The coarse-grained waypoints are generated from the geometric outputs of the
procedural city generation module (Y2.2.1), including road centerlines and intersection coordinates. These
waypoints represent major structural points within the road network and capture the primary connectivity among
di erent routes.

Fine-grained Waypoints. The ne-grained waypoints are interpolated along the roads between coarse-grained
waypoints. These additional points increase the density of the navigation graph, allowing agents to follow
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