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Abstract. Agent-Based Modelling (ABM) is applied successfully in var-
ious use cases, including but not limited to economic modelling, socio-
behavioural modelling, ecological modelling, public health, and urban
design. We draw attention to the emerging ABM platform Agents.jl,
written in Julia — an accessible, high-level programming language. We
identify Agents.jl as a promising package for interfacing, customising
and extending for specialised uses. We present the key design ideas for
a proposed extension and interface to the Agents.jl framework for ABM
for urban and social systems simulation — AgentsX.jl — that provides
greater flexibility of agent definitions for urban and social researchers.
Our primary motivation is to formalise ABM design through a “Code as
the Model” approach, reducing barriers to documentation and increasing
reproducibility. Our proposed design entails a structured means of defin-
ing an ABM based on layers modelled after spheres of influence, clearer
constructs to coding an ABM as interfaces to Agents.jl, and an insightful
visualisation toolkit that uses dimension reduction techniques.
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1 Introduction

Agent-Based Models (ABMs) are useful tools for modelling urban and social
systems. ABMs are often used in an interdisciplinary manner to inform large-
scale policy decisions, to understand complex behaviours, and to aid in plan-
ning and designing within socio-technical systems. ABMs at their core involve
the creation of an artificial society containing ‘agents’, which can represent any
decision-making entity that acts along with a set of ‘rules’ or ‘behaviours’ de-
fined by the modeller and reveals emergent phenomena [1]. ABMs are useful for
understanding urban systems as they allow the ‘agents’ or the entities within
the model to have a unique set of characteristics which leads them to be located
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in a simulated ‘neighbourhood’. Each neighbourhood can have its own charac-
teristics which influence the agents’ interactions with their environment, with
emergent consequences on factors such as the health and financial status of the
agent [2]. There are extensive examples of applications of ABMs in the con-
text of urban systems, including transport, residential choice, urban growth and
expansion, urban food access, urban planning and health, and urban systems
generally [3–8].

1.1 Background

There are a host of Agent-Based Modelling platforms available, including Netl-
ogo [9], Swarm [10], MASON [11], Repast [12], Mesa [13], and the newly minted
Agents.jl [14]. Among these, we identify Agents.jl as a platform with much po-
tential (for review, see [15]). It has a simple back-end, is fast, and the underlying
language — Julia — is a well-supported general programming language.

As ABMs are often used interdisciplinarily, it is crucial that a human-readable
definition accompanies them. A proper definition of an ABM has two roles.
Firstly, it allows for a better understanding of the model by users. Secondly,
it increases reproducibility. We identify two noteworthy approaches to these
issues. First is the ODD (Overview, Design Concepts, Details) by [16], which
is the formal documentation method in the ABM field. Second is the “Code as
the Model” approach argued for in [17]. Both have documented strengths and
weaknesses [18]. The latter of which may be overcome using this extension.

Formal methods are often employed where computational methods are ap-
plied in critical systems. When ABMs are used in urban and social simulations
that affect policy decisions, it is not unreasonable to expect a certain degree of
formalisation. [19–21] present attempts to formalise ABMs.

1.2 Motivation and Contributions

In this paper, we introduce AgentsX.jl, which is an extension to an ABM frame-
work based on the Agents.jl platform. The framework’s design reflects an effort
to formalise ABMs and improve the ease of human readability. We achieve these
goals through the extension and interfacing of the Agents.jl platform and present
a framework specifically suitable for urban and social simulation.

We are influenced by the arguments presented in [17] that code is the ultimate
definition of a computational model. However, we believe that code needs to
be structured in a manner that serves as a robust, readable definition. Hence,
we provide infrastructure to generate ABMs that would represent unambiguous
models. We also recognise the importance of visual documentation as mentioned
in ODD [16]. We, therefore, also provide infrastructure for model developers to
generate simple automated visual representations of ABMs, reducing barriers to
visual documentation.

A complementary contribution that stems from the layered structure we
introduce is the visualisation of Agent movement and behaviour beyond the
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traditional spatial domain, which allows analysis and actuation in spatial and
alternate (e.g., social) domains, as visualised in Fig. 2.

2 Methods

This paper discusses the design and the initial development of work-in-progress
that is available at github.com/rajithv/AgentsX.jl. This work is an actualisation
of a conceptual framework that seeks to formalise ABMs. The Julia language
implementation of the framework eases barriers into coding a robust Agent-
Based Model through facilitating formalisation through code generators.

We present AgentsX.jl as an extension and an interface to the Agents.jl
platform that would cater specifically to urban and social simulation paradigms.
Primary reasons to keep the work distinct from the base Agents.jl package is due
to the specialisation into social simulation support that would be unnecessarily
complicated for simulations solely dedicated to the spatial domain that is already
well supported through Agents.jl.

Fig. 1. A layered agent

Fig. 2. Multiple agent types provide instances to the ABM that inhere independently
in different dimensions

github.com/rajithv/AgentsX.jl
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As part of our extension, we propose a structure that separates the agent
definition in attributes and actions through clearly defined source code files. To
formalise the definition of attributes, we introduce a new abstract agent type
— LayeredAgent — that recognises the heterogeneity of agent attributes. A
standard example is an agent with Spatial, Cognitive, Physiological and Socio-
Economic attributes as seen in Fig. 1. Each layer is modelled as a parametric
layer, enabling agents to be visualised through any subset of layers, not just in
the spatial domain, as is the case with traditional visualisations. We formalise the
actions by separation of responsibilities in the source code from the attributive
definition of the agent and by defining the scope of the actions as intra- or
inter-layer actions taking place between agents and the environment.

We facilitate this formalised structure through a code generator similar to
that of PkgTemplates.jl package generator and use Mustache.jl based templates
in its implementation.

create_agent_template(;agent_class, num_agents, space,

random_seed = 250, layers = Nothing, actions = Nothing)

We provide two main interfaces to the existing Agents.jl architecture. Firstly,
we provide a generalised step function and defer the definition of an agent’s ‘step’
to the definition of the agent itself through an ordered list of actions or a function
that describes a sequence of actions. Secondly, we provide a simpler construct
to adopt multi-agent models by overriding the AgentBasedModel() function.

ABM(agents::Array{<:AbstractAgent}, args...; kwargs...)

We propose the following rules for layers and actions — and enforce the same
in AgentsX.jl — to ensure a robust ecosystem for ABMs.

Layers

1. All agents share a single environment.
2. Agents in a model can be of different types.
3. Agents have layers describing different internal domains.
4. Different agent types have different subsets of layers.
5. The environment has a set of corresponding layers that is equivalent to the

superset of the union of layers of each agent type.
6. Layers are described through parameters.

Actions

1. The environment is omniscient.
2. Interactions could be within the agent (self-interactions), between multiple

agents, or between the agent and the environment.
3. Agent-agent interactions must be facilitated through the environment.
4. Interactions could be inter- or intra-layer interactions.
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3 Conclusion

The design of the AgentsX.jl framework allows the formalisation of Agent-Based
Models in a programming language that is fast, easy to use and future-proof. The
proposed structure, together with the code generator, would allow the reproduc-
tion of ABMs with minimal ambiguity. Moreover, the layered agent design would
improve the overall design of agents with respect to clarity of agent behaviour,
data collection, isolation of agent domains, experimentation, and analysis.

We suggest that the proposed interfaces to Agents.jl would facilitate coding
practices that contribute to the “Code as the Model” approach and enhance
clarity, communication, and reproducibility for users. The layer-based reduced
dimension visualisations would allow modellers to look beyond the spatial ar-
rangement of agents in single domains, allowing more sophisticated agent inter-
actions in other (any) parameterised agent domains.

3.1 Future Work

The current design of the Agents.jl and AgentsX.jl, as well as the design princi-
ples of the Julia language, allows modular improvements resulting in ambitious
possibilities for development and future work. These may include a centralised
representation of agents that can be converted to human readable documenta-
tion as well as computer-readable code with minimal effort. Another direction
relates to perception and actuation interfaces for interactions. This is based on
the idea that the actual environmental conditions are perceived by the agents
with an individual bias, resulting in variations of perception. Similarly, actions
taken by the agents will have an intention-actuation gap, resulting in variations
of actuation.

We note that in the most recent Agents.jl publication [15] it is suggested
that the multi-agent simulation architecture may be upheaved in the future.
We believe the work presented and the proposed future works can positively
influence the modelling of complex social behaviours within urban and social
systems.
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