SIMWORLD: An Open-ended Simulator for Agents
in Physical and Social Worlds
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Figure 1: SIMWORLD (1) simulates open-ended environments with realistic physics and social rules, (2)
provides native support for LLM/VLM agents to deploy and interact in the simulated worlds, and (3) facilitates
the construction of diverse scenarios for Al agent evaluation and development.

Abstract

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) requires massive-scale interaction, rea-
soning, training, and evaluation across diverse 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. SIMWORLD offers three core capabili-
ties: (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 physical
and social reasoning scenarios that are easily customizable by users. We demon-
strate SIMWORLD by deploying frontier LLM agents (e.g., Gemini-2.5-Flash,
Claude-3.5, GPT-4o0, and DeepSeek-Prover-V2) on both short-horizon navi-
gation tasks requiring grounded re-planning, and long-horizon multi-agent food-
delivery tasks involving strategic cooperation and competition. The results reveal
distinct reasoning patterns and limitations across models. We open-source STM-
WORLD and hope it becomes a foundational platform for advancing real-world
agent intelligence across disciplines. Please refer to the project website for the
most up-to-date information: https://simworld.orgl
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1 Introduction

Large language models (LLMs) have emerged as powerful foundations for intelligent agents, demon-
strating strong reasoning capabilities, particularly in domains such as mathematics, coding (e.g., R1,
03), and digital tool use (e.g., web navigation). However, these domains are relatively clean and
well-structured, offering clear feedback, unlike the noisy, dynamic nature of the physical and social
world where real-world agents are ultimately expected to operate. In practice, such agents must
interact with rich, unpredictable environments such as navigating cities, engaging with people, and
even making strategic decisions to earn a living [[1} 13} 48]].

To advance agent development, recent efforts have explored simulation environments that offer rich
interactive experiences for training and evaluation (Table[T)). However, game-like platforms such as
Minecraft [[14} 51} 1481331130, 127]] and Pokémon [[18] 4] provide accessible setups for embodied inter-
action but lack realistic physical dynamics and social structures, limiting real-world generalization.
Domain-specific simulators such as CARLA [12]] and AI2-THOR [24] target areas like autonomous
driving and household robotics but are limited to narrow task scopes or static environments. Social
sandboxes [2}139] such as Virtual Village [37]], 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 LLM-based agents.

To meet these growing demands, we present SIMWORLD, a platform designed to support the
development and evaluation of LLM (and VLM) agents in complex, dynamic, and interactive
environments. SIMWORLD is grounded in three core design principles (Figure|[T):

1) Realistic, Open-Ended World Generation. SIMWORLD advances simulation by integrating two
key capabilities: realism in physical and social dynamics, and open-ended, language-based world
generation. On the realism front, SIMWORLD generates hierarchical, city-scale 3D environments
grounded in physical laws (e.g., gravity, momentum) and enriched with dynamic features such
as lighting, weather, and pedestrian flow. It also embeds socially grounded behaviors—such as
obeying traffic signals and maintaining personal space—directly into agent logic to support realistic
interactions. On the open-ended side, SIMWORLD supports infinite environment expansion through
procedural generation, enabling diverse road networks, building layouts, and urban configurations.
Users or Al agents can modify scenes on-the-fly via natural language commands (e.g., “add a
tree next to the hospital”) thanks to SIMWORLD’s LLM-based environment editing and
asset generation modules, allowing for adaptive environment creation.

2) Rich Interface for LLM/VLM Agents. SIMWORLD connects language models with interactive
environments by enabling LLM/VLM agents to perceive rich multimodal observations, including
visual scenes, abstract layouts, and action feedback. Agents can respond with high-level natural
language actions. For example, an agent may reason and generate an abstract action, “sit on the
nearest chair,” which SIMWORLD translates into a sequence of low-level actions such as moving
through waypoints and sitting down. After executing the actions, the simulator provides updated
observations and feedback, allowing the agent to adjust its strategy. 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 Scenarios. Building on the above physically/socially
grounded environments and LLM/VLM agent interface, SIMWORLD natively supports systematic
evaluation and training of agent reasoning in realistic settings. To show how these capabilities work
in concert, we present two case studies spanning both physical and social reasoning. Case Study 1:
Grounding Agent Physical Reasoning and Planning involves a vision-based navigation task where
agents interpret visual input, avoid obstacles, and follow traffic rules in real time. Case Study 2:
Strategic Multi-Agent Collaboration and Competition models an urban delivery economy in which
agents bid, invest, and share orders while navigating dynamic environments. With different personas,
budgets, and tools (e.g., scooters), agents develop diverse strategies shaped by their goals and shifting
conditions (e.g., fluctuating prices). The task highlights complex decision-making and long-horizon
planning, where cooperation and competition emerge naturally.

We evaluate frontier LLMs as agents including GPT-40, Claude-3.7-Sonnet, Gemini-2.5-Pro,
and others on the two challenging tasks described above in SIMWORLD. In the navigation task (Case
1), GPT-40 and Claude-3.7-Sonnet show strong planning efficiency and high success rates, but



Table 1: Comparative Analysis of SIMWORLD and Existing Simulators across key dimensions:
Open-ended World (procedural scene/asset generation, language-controllable editing), Physical/-
Social Realism (how close to real-world mechanics) Action Space (action abstraction level, open-
vocabulary action space), Agent Type (types of controllable agents: Humanoid (Hum.), Robot,
Drone or Vehicle (Veh.)), and Physics Engine (underlying simulation engine). H means high-level
actions (e.g., deliver, navigate to), and L. means low-level actions (e.g., “forward by 1 step”).
See Appendix [D]for more discussion of related work.

Open-ended World Physical/Social Action Space

Simulator . Agent Type Physics Engine
Procedural ~ Lang.-Ctrl Realism Abstr.  Open-Vocab
Minedojo [14] v X + L X Hum. Minecraft
Mindcraft [S1] v X + H X Hum. Minecraft
MetaUrban [53] v X ++ L X Veh. PyBullet
EmbodiedCity [15] X X +++ L X Drone/Veh. Unreal Engine
CARLA [12] X X +++ L X Veh. UE & Unity
GRUtopia [49 X X ++ L X Hum./Robot Isaac Sim
OmniGibson [26] X X ++ H/L X Robot Omniverse
AI2-THOR [24] v X ++ L X Robot Unity
Habitat 3.0 [40] X X ++ L X Hum./Robot Bullet
VirtualCommunity [65] v X ++ L X Hum./Robot Genesis
SIMWORLD v v +++ H/L v Hum./Robot/Veh.  Unreal Engine

consistently ignore red lights and fail to adjust their view to perceive traffic signals. This reveals a
disconnect between passive visual perception and active attention, as the models often fail to act
appropriately on what they observe. In the multi-agent delivery task (Case 2), agents must operate
in a dynamic, competitive economy. Claude-3.5-Sonnet and DeepSeek-V3 earn the highest
profits, but often behave erratically—overbidding on low-value orders or spending all their money on
scooters they never use. In contrast, Gemini-2.5-Flash and DeepSeek-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 findings expose both the strengths and current limitations of LLM-based
agents, while revealing rich, often unexpected behaviors that emerge from their interaction with
complex environments in SIMWORLD.

2 The SIMWORLD Simulator

Realistic, open-ended, and natively LLM/VLM-compatible simulators are essential for developing
agents in complex physical and social environments. SIMWORLD takes a step toward this goal with a
two-tier architecture: an Unreal Engine (UE) backend and a fully integrated Python layer. The UE
backend provides state-of-the-art 3D rendering, real-time physics simulation, and highly interactive,
customizable environments. The Python layer bridges this with high-level functionalities, including
procedural and language-driven scene generation, rich input-output interfaces for LLM/VLM agents,
and modular support for constructing diverse, customizable physical and social reasoning scenarios.

2.1 Realistic, Open-Ended World Simulation

Procedural and LLM-Controllable Environment Generation. Previous simulators typically
rely on a limited set of hand-crafted scenes (e.g., 15 in CARLA [12], 211 in Habitat 3.0 [40]).
SIMWORLD develops a procedural generation system [38, Appendix [A.T.T]| capable of producing
diverse, randomized urban environments—including road networks, building layouts, dynamic traffic,
and fine-grained elements like street furniture—enabling effectively infinite 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 effort

Beyond randomized procedural generation, SIMWORLD supports natural language-based scene
editing, enabling dynamic world construction through open-ended instructions (Figure[2[a)). Users
or Al agents can modify scenes on-the-fly with commands such as “add 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
identifies the intended location using spatial anchors (e.g., “hospital”) and contextual landmarks
(“museum”), retrieves a matching asset from a library, and inserts it accordingly. If a suitable asset is
unavailable, the agent invokes an off-the-shelf text-to-3D generation model [47] to synthesize a new
object from the prompt (“red sports car”), converts it into a compatible format, and integrates it



Figure 2:Realistic Open-ended Simulation and Rich Agent Interface. (apiM WORLD simulates
environment with realistic physical and social mechanics (left) and enables language control for
real-time environment editing (right) (Section 2.()) SiM WORLD supports rich multi-modal inputs

and feedback, and accept open-vocabulary high-level actions, to facilitate complex LLM/VLM agent
reasoning at proper abstraction levels.

into the environment. This approach enables semantically grounded, spatially coherent, and scalable
world construction, laying the foundation for interactive and compositional simulation.

Realistic Physical and Social SimulationPowered by UE-5S8IM WORLD provides accurate and
continuous physical simulation. Unlike popular environments such as Minecraft, which rely on
discrete, block-based mechanics without real gravity or momerBumVorLD models real-world
physical dynamics. Agents experience physical forces such as gravity, mass, and inertia: they may
slide down slopes, lose balance while pushing heavy objects, or trip over uneven terrain. This realism
is essential for supporting grounded, embodied interaction and physically plausible agent behavior.

Social realism is similarly emphasize8iMm WORLD simulates dynamic traf ¢ systems with both
vehicles and pedestrians, adhering to real-world norms like crosswalk rules, traf ¢ lights, and personal
space. This realism supports high- delity, reactive mobility and interaction within urban environments.
Together, these physical and social layers provide a rich substrate for evaluating agent reasoning and
behavior in real human-like scenarios. Complex multi-agent collaboration and competition dynamics
are further supported and described in later sections.

2.2 Rich Interface for LLM/VLM Agents

SIMWORLD is designed to make the deployment of LLM/VLM agents straightforward and exible
by exposing a rich, modular input-output interface (Figure 2(b)). This design supports diverse forms
of evaluation, reasoning, and training for agents operating in complex environments.

For an agent's inputssSiM WORLD provides rich multi-modal sensory information and environment
feedback that mimic what humans would perceive in the real world. Inputs include raw RGB images,
depth maps, segmentation masks, and structured semantic scene graphs, enabling agents to perceive
both pixel-level signals and symbolic abstractions. Additionally, agents receive environment feedback
in response to their actions. For example, an agent attempting to walk into a closed door would
receive a collision event and an updated scene state, allowing it to revise its plan. To further support
agent navigationSIM WORLD implements a waypoint-based abstraction layer, similar as in the
popular driving simulator CARLATZ] (Appendix A.1.2). The waypoint system offers high-level
reference points along streets and intersections. This enables agents to plan over meaningful spatial
landmarks without needing to handle low-level locomotion mechanics. Collectively, these input
modalities provide agent developers with a broad design space to tailor LLM/VLM agents based on
their desired level of perception and abstraction.

For an agent's output§IMm WORLD moves beyond the restrictive, low-level action spaces of many
existing simulators (e.g., “move forward by 1 block” in Minecraft). Inste&igh WORLD supports

an open-vocabulary action interface that accepts natural language commands at varying levels of
abstraction. For instance, an agent can issue a high-level instruction sugth &3 ‘the nearest

chair and sit down ”. A built-in local action plannerinterprets this instruction and decomposes

it into a sequence of low-level actions executable by the simulator. The planner consists of two
components: an LLM-based parser (e.g., GPT-40 or any user-speci ed LLMs) that grounds and
breaks down high-level intentions (e.gndvigate " and “sit "), and an executor that handles actual
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