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Abstract

We introduce DIRT, the Distributed Intelligent Replicator Toolkit, a GPU-
accelerated simulation platform for studying large-scale multi-agent populations in
simulated ecosystems. DIRT is designed to explore the ways that intelligence in
artificial agents influences the emergent population dynamics of complex environ-
ments at very large scales. With this in mind, it uses fast and highly configurable
grid world dynamics that include multiple sensor types, complex terrain, water
features, and a climate system. Agents in DIRT must consume resources in order
to survive and reproduce, with each agent’s abilities governed by a set of heritable
traits. DIRT specifies a simple interaction model that is designed to be agnostic to
the structure of an agent’s policy class and update rules, making it interoperable
with a variety of evolutionary and reinforcement learning algorithms. Built on JAX,
DIRT can support populations of more than 10,000 agents on a single GPU. To
support analysis, DIRT includes integrated measurement tools and an interactive
3D viewer for fine-grained agent inspection and tracking.

1 Introduction

Natural selection has produced all forms of organic intelligence on Earth. In natural settings, the
mind and morphology of individual organisms are not trained with an explicit objective but instead
are the product of millions of years of competition for reproduction and survival in complex and
dynamic ecologies. In Al, there is a rich history exploring these mechanisms (Channon and Damper,
1998 [Standishl 2003 |[Lehman and Stanleyl, |2011)), often under the names open-ended, objective-free
or implicit-objective settings. However, the difficulty of simulating large populations in complex
environments, especially when coupled with computationally expensive deep neural networks, has
made these settings challenging to explore at scale. Although some contemporary examples exist
(Lu et al.} [2024), we believe that this area is currently under-explored and has the potential to better
explain the natural emergence of intelligence in response to competitive dynamics.

With this motivation, we have built a new highly customizable environment to study large populations
of mobile intelligent agents in a simulated natural setting. Following recent trends in reinforcement
learning and agent development, DIRT computes environment dynamics directly on the GPU, enabling
massive parallelization and reducing communication overhead with neural-network policies. This
design dramatically speeds up the training and evolution loop, supporting fast iteration with tens of
thousands of agents.
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https://github.com/aaronwalsman/dirt
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