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ABSTRACT

LLM-based multi-agent construction is a growing research area
but prior works still suffer from low success rates for construction,
reliance on predefined templates, and poor scalability as the num-
ber of agents increases. To address these challenges, we present
CraftUtopia, an LLM-based multi-agent system (MAS) that con-
structs 3D structures in Minecraft from a single 2D reference image.
CraftUtopia operates in two stages: Design, which converts the
image into a Minecraft-compatible 3D blueprint, and Build, which
decomposes the blueprint into spatially disjoint subtasks for par-
allel execution. CraftUtopia scales efficiently via two mechanisms:
(i) hierarchical coordination, which organizes agents in a man-
ager—foreman-worker hierarchy to separate responsibilities, and
(ii) skill acquisition, which distills recurring action sequences into
a shared skill library to reduce repeated LLM replanning. Across
three representative builds, CraftUtopia achieves 100% success over
five trials using only 2D inputs, scales effectively with more work-
ers, and exhibits emergent human-like behaviors. A full demo is
available at: https://github.com/craftutopia-demo/CraftUtopia.
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1 INTRODUCTION

Multi-agent systems for construction have attracted significant in-
terest [5, 11, 12], driven by the demand for safer, more cost-effective,
and increasingly automated urbanization. Meanwhile, recent ad-
vances in large language models (LLMs) have shown strong po-
tential for coordinating multi-agent systems [3, 7, 8, 15, 18], moti-
vating increasing attention to LLM-based collaborative construc-
tion [4, 6, 17].

In this paper, we introduce CraftUtopia, an LLM-based multi-
agent system for collaborative construction in Minecraft. Given a
single 2D reference image of a target structure (e.g., a pyramid),
CraftUtopia designs, plans, decomposes, and coordinates a team
of agents to reproduce the corresponding 3D construction in the
game. This setting surfaces several key challenges that remain
underexplored in prior LLM-based multi-agent work. First, whereas
most existing systems coordinate LLM agents in relatively closed
domains (e.g., math problem solving or coding), we study an open-
world environment with long-horizon tasks, partial observability,
and non-stationary dynamics [1, 9, 14]. Second, unlike template-
or blueprint-dependent approaches [10, 16], CraftUtopia builds
directly from a single reference image without assuming access
to predefined construction templates. Third, as prior approaches
show, increasing the number of agents does not necessarily improve
performance or efficiency: larger teams invite increasingly frequent
social friction, turning coordination into the primary bottleneck
rather than a source of efficiency [2, 4, 13, 17].

CraftUtopia defines four distinct agent roles: an architectural de-
signer, a project manager, foremen, and workers, with the number
of foremen and workers being variable. The system operates in two
stages. In the Design stage, the designer transforms a 2D image
into a 3D blueprint compatible with Minecraft. In the Build stage,
the project manager decomposes the blueprint into spatially dis-
joint subtasks for foremen; each foreman plans for their respective
workers, who then carry out the construction tasks. To maximize
efficiency as the number of agents grows, we introduce a hierar-
chical agent system (“manager — foreman — worker”) alongside
a skill acquisition process. The skill acquisition process distills
successful action sequences of workers into a shared skill library
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Figure 1: CraftUtopia: an LLM-based MAS that enables agents to construct arbitrary 3D building from a single 2D images.

that foremen can leverage. By invoking these learned skills instead
of always relying on LLM-based re-planning foremen can accelerate
construction and reduce errors. Furthermore, this process fosters
cross-team knowledge sharing: foremen report new skills to the
project manager, who, in turn, disseminates the knowledge across
the system.

Results. We implement CraftUtopia using Claude-Sonnet-4.5 as
the base model, along with additional tools for the Designer, and
evaluate it on three representative builds: the Egyptian Pyramids,
as well as the Temple of Heaven and National Centre for the Per-
forming Arts (NCPA) in China (shown in the top left corner of Fig.
1). We compare CraftUtopia with the recent MINDcraft [17] study
on LLM-based construction in Minecraft. In 5 trials, MINDcraft fails
to complete the Temple of Heaven and NCPA even when provided
with a complete 3D blueprint (compared to our single 2D image
input). For the simpler Pyramids build, it succeeds in only 2 out
of 5 trials. In contrast, CraftUtopia achieves 100% success across
all three builds in five trials using only a single 2D image. Even
when MINDcraft succeeds, its build time is at least 2x longer than
CraftUtopia’s worst-case runtime for the same build. As the number
of agents increases from 1 worker to 3 and 6 workers, MINDcraft
fails to complete any of the three builds. Meanwhile, CraftUtopia
consistently succeeds and scales effectively: the build time signifi-
cantly reduces as more workers are added (see the top right corner
of Fig. 1). For example, building the NCPA with 6 workers is 1.5x
faster than with 3 workers, and 3.9x faster than with 1 worker.
In addition, we observe emergent behaviors similar to humans.
Without any explicit instructions, workers discover how to use
scaffolding to access elevated areas, and later remove it once it is
no longer needed. Toward the end of a build, some workers natu-
rally switch into a bystander, standing aside instead of hindering
in ways that disrupt others. A full demonstration is available at:
https://github.com/craftutopia-demo/CraftUtopia.
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2 METHODOLOGY
CraftUtopia operates through two stages: design and build.

Design. A 2D architectural image cannot be built directly; it
must first be converted into a Minecraft-compatible 3D model. In
CraftUtopia, the designer achieves this in 3 steps: (i) reconstruct
a 3D model from the image with TRELLIS.2; (ii) convert it into a
block-based Minecraft blueprint via ObjToSchematic; and (iii) use
LLMs to compile the 3D blueprint into a file that explicitly specifies
block types and placements. Once created, the final blueprint is
then passed to the project manager for downstream construction.

Build. To improve construction efficiency, we use two mecha-
nisms: hierarchical coordination and skill acquisition. First, we orga-
nize agents into a hierarchical structure of “manager — foreman
— worker”. Given the blueprint, the manager splits the build into
team-level subtasks over spatially disjoint regions for parallel exe-
cution. Each foreman then plans for its workers, who execute in
Minecraft. Second, construction often repeats common routines
(e.g., placing or removing blocks). Thus, we consider skill acquisi-
tion to distill recurring routines into reusable skills. Initially, the
shared foremen skill library is empty, and foremen generate plans
with LLMs. When a foreman detects frequently-repeated worker
routines, it reports the pattern to the project manager, who codifies
them into executable skills and shares them via the shared skill
library. Foremen can then invoke these skill directly instead of re-
planning with LLMs, which reduces planning latency and enables
skill sharing across teams, and improve the speed over time.

3 CONCLUSION

Here, we introduce CraftUtopia, a novel LLM-based MAS for Minecraft
that constructs 3D structures from a single 2D image. Through a
Design-then-Build pipeline and two key mechanisms, CraftUtopia
delivers various types of builds effectively and efficiently.
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