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Abstract

Virtual environments are essential to AI agent
research. Existing environments for LLM
agent research typically focus on either physi-
cal task solving or social simulation, with the
former oversimplifying agent individuality and
social dynamics, and the latter lacking physical
grounding of social behaviors. We introduce
INDOORWORLD , a heterogeneous multi-agent
environment that tightly integrates physical and
social dynamics. By introducing novel chal-
lenges for LLM-driven agents in orchestrating
social dynamics to influence physical environ-
ments and anchoring social interactions within
world states, INDOORWORLD opens up possi-
bilities of LLM-based building occupant simu-
lation for architectural design. We demonstrate
the potential with a series of experiments within
an office setting to examine the impact of multi-
agent collaboration, resource competition, and
spatial layout on agent behavior.

1 Introduction

The emergence of Large Language Model (LLM)-
based agents has extended LLMs beyond tradi-
tional one-off interactions, equipping them with
long-term memory, planning capabilities, and em-
bodied actions (Yao et al., 2022; Shinn et al., 2024;
Wang et al.). Among them, multi-agent systems
leverage distinct agent roles to achieve greater
collective intelligence for problem-solving (Hong
et al., 2024; Qian et al., 2023; Tang et al., 2024) or
to enable more realistic cognitive and psychologi-
cal modeling in social simulations.

Like in traditional AI research (Maes, 1995),
virtual environments are essential for LLM-based
agents, enabling them to perceive and act. These
environments provide external sensory input and
introduce a world state, allowing agent actions to
be grounded as operators that modify the envi-
ronment. These environments serve as low-cost
testbeds that accelerate LLM-agent development,

typically falling into two categories: physical task-
solving environments and social simulation envi-
ronments.

Physical task-solving environments such as Vir-
tualHome (Puig et al., 2018) and ALFWorld (Shrid-
har et al., 2020b) enable agents to interact with ex-
ternal objects to manipulate the world state towards
specific objectives. However, these environments
often assume identical action spaces, homogeneous
agent abilities, neglecting individual differences
among agents, and the impact of social dynamics
on task solving.

On the other hand, social simulation environ-
ments, such as Smallville (Park et al., 2023), enable
social interactions between agents, such as relation-
ship building and information sharing. While these
systems effectively simulate human-like social be-
haviors driven by individual personalities and roles,
they often employ an oversimplified model of the
physical world. This leads to a lack of groundings
for agents’ actions in the change of world state,
resulting in social interactions that remain merely
“plausible” without any correspondence to an ex-
ternal physical reality. For example, an agent may
refer to non-existent physical objects in a dialog.

The gaps lead to missed opportunities to use AI
agents for applications that require tight integra-
tion of physical task-solving and social simulation.
One such application is building occupant simula-
tion for architectural design (Yan et al., 2015; Feng
et al., 2015), where occupant behaviors are driven
by both dynamic physical and social factors. To
respond to the missed opportunities, we present
INDOORWORLD , a heterogeneous multi-agent en-
vironment that tightly integrates physical and social
dynamics in an indoor space setting, introducing
novel challenges for LLM-driven agents in orches-
trating social dynamics to influence physical envi-
ronments and anchoring social interactions within
physical world states. As a multi-agent system, IN-
DOORWORLD allows for fully decentralized agent



control and collective task assignment, facilitating
self-regulated labor division, task prioritization and
coordination. INDOORWORLD provides a scalable
and expressive testbed for advancing research on
multi-agent LLM systems.

Our key contributions are as follows:

• Heterogeneous Agent Modeling: We intro-
duce a multi-level approach in which agents
vary in roles, actions, capabilities, and knowl-
edge, yielding individual differences that pro-
fessionals judged to be more realistic.

• Integrated Physical and Social Dynamics:
Our environment seamlessly combines physi-
cal object manipulation with social behaviors,
posing novel challenges and setting the stage
for developing LLM-based multi-agent sys-
tems for both task solving and social simula-
tion.

• Promising Tools for Architectural Design:
Experiments on multi-agent collaboration, re-
source competition, and layout effects demon-
strate that our platform can aid spatial opti-
misation and resource allocation, making it a
promising tool for architectural design work.

2 Related Works

Task Solving Environments for LLM-based
Agents evaluate agents' ability to solve various
types of tasks, such as web-based tasks (Cai et al.,
2024; Chae et al., 2024), GUI tasks (Nguyen et al.,
2024; Wang and Liu, 2024), coding tasks (Hong
et al., 2024; Huang et al., 2024; Qian et al., 2023)
and household tasks (Shridhar et al., 2021, 2020a;
Zhang et al., 2024). In household task-solving envi-
ronments, agents must explore their surroundings,
sense and interpret object states, plan and execute
actions. The advantage of such environments lies
in their support for a diverse range of physical ob-
jects and extensive agent-object interactions. For
example, ALFWorld (Shridhar et al., 2021) enables
agents to interact with objects such as mugs, books,
and lamps. Multi-agent platforms like TDW-MAT
and VirtualHome (Zhang et al., 2024; Puig et al.,
2018) supports interactions with objects like pens,
beds, and apples. Similarly, MineLand (Yu et al.,
2024) and AdaSociety (Huang et al., 2025), de-
signed for wilderness survival, feature various tools
and food items. However, a common limitation
across these environments is the lack of explicit

modeling for agent heterogeneity. ALFWorld is a
single-agent environment, while TDW-MAT and
VirtualHome (Puig et al., 2018) features homoge-
neous agents with identical capabilities. Although
inventory variations in AdaSociety and MineLand
introduce some level of heterogeneity, the agents
remain fundamentally homogeneous, as they share
the same action space.

Social Simulation Environments for LLM-based
Agents enable agent-agent interactions, elevating
the importance of social dynamics. These envi-
ronments often model differences in personality,
profession, and other traits among agents (Park
et al., 2023; Wu et al.; Xu et al., 2023; Guan et al.,
2025; Li et al., 2024), as well as incorporate human
needs modeling (Wang et al., 2023, 2024). How-
ever, a major limitation of these environments is
the oversimpli�ed modeling of the physical world,
including interaction with physical objects. For
instance, an agent may perform the action of eat-
ing, without any explicit modeling of food items
in the environment. This prevents these simulation
environments to be applied in settings where the
physical environment has impacts on agent behav-
iors, such as resource allocation and layout study.

Abstract Modeling with Text-based Environ-
ments Prior works such as TextWorld (Côté et al.,
2018) and ALFWorld (Shridhar et al., 2020b) have
explored the use of text-based environments for
abstract modeling of visual and physical dynamics.
These approaches are inspired by concepts from
inverse graphics and inverse dynamics (Kulkarni
et al., 2015; Wu et al., 2017), where high-level
representations allow agents to reason about the
environment and predict future outcomes. Build-
ing on this line of research, our work aligns with
ALFWorld (Shridhar et al., 2020b) in treating text-
based simulation as a platform for abstract model-
ing, while further extending this perspective toward
heterogeneous and socially grounded agent interac-
tions.

AI in Architectural Design has been widely
adopted, mainly to generate static 2D and 3D
artefacts, such as �oorplans, interiors, and furni-
ture layouts, but these visually oriented methods
provide little insight into the dynamic occupant
activities (Li et al., 2025; Raistrick et al., 2024;
Leng et al., 2023). Moreover, traditional occupant-
simulation tools rely on rule-based or state-based
behavior transitions (Schaumann et al., 2017; Lee
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