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ABSTRACT

Agent-based models (ABMs) face a persistent transparency chal-
lenge: open-source code rarely guarantees understanding for non-
programmers, while readable documentation may not faithfully
reflect the implementation. This documentation-code gap under-
mines verification, peer review, and interdisciplinary collabora-
tion—problems that are acute for multi-agent models of artificial
societies. We introduce FODD, which establishes a verified link be-
tween model documentation and executable code by extending the
widely used Overview, Design concepts, and Details (ODD) proto-
col with formal specifications that automatically generate NetLogo
code, preserving a structure familiar to domain experts. We describe
the FODD language as implemented in JetBrains MPS, covering its
structure, editor, constraint mechanisms that enforce type safety
and completeness, and transformation rules for deterministic code
generation. Our proof-of-concept tool separates formal, informal,
and derived content, derives parts of the design documentation
from behavioral and initialization specifications to reduce redun-
dancy, and explicitly links entities, attributes, and procedures to
reduce conceptual ambiguity. We tested feasibility with six diverse
models and evaluated the tool along executability, expressivity, and
user-friendliness. The tool generates runnable models with aligned
documentation, but the behavior specification language still needs
higher-level abstractions to be intuitive for domain experts. FODD
has the potential to make model development more efficient by
reducing manual coding stages and verification effort. At its cur-
rent proof-of-concept stage, FODD primarily supports experienced
modelers while laying the groundwork for broader domain-expert
participation in model inspection, discussion, and validation. In this
sense, it advances transparency, reproducibility, and participatory
modeling in computational social science.
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1 MOTIVATION

In 2020, the question of model transparency spurred the interest
of the Social Simulation community when policymakers based the
measures for COVID-19 on a simulation model with undocumented
code, eliciting calls for action by researchers [26]. Using models
for prediction is extremely challenging (if not impossible) [10],
and models with unverified parts used for prediction in a crisis
environment could actually cost lives. Growing awareness of the
risks models can pose in the hands of people who do not understand
them puts even more pressure on increased transparency.

The demand for transparency has only grown since then, with
recent contributions stressing the importance of reproducibility and
documentation. For example, recent work highlights how failures in
code and data availability undermine trust in simulation studies [16],
while others provide concrete recommendations for communicating
ABMs more clearly to stakeholders and ensuring their reuse [3]. In
parallel, scholars have argued that weak documentation is a critical
barrier to policy engagement, especially in light of new regulatory
frameworks such as the EU Al Act, which further elevates the need
for transparent and evaluable models [5].

At its core, transparency ensures access to the model and is
therefore required for procedures that assess model quality. Views
on model quality differ and reflect factors such as philosophical
assumptions about reality [2, 13]. Nonetheless, model quality is com-
monly linked to verification and validation and to the collaborative
processes through which models are built [2]. Across the model
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lifecycle, access is repeatedly required: during verification and vali-
dation (to compare expert or stakeholder expectations with model
contents and outputs), during peer review (to scrutinize claims and
implementation), and after publication (to enable assessment, reuse,
and replication). However, in practice, access is not guaranteed:
source code is often inaccessible to non-programmers, and natural-
language documentation cannot be mechanically checked against
the implementation and may drift as models evolve, leading to a
documentation-code gap.

Even when we have model access, it is not enough to demystify
the model contents. To understand this, consider model code. One
logical step toward model transparency is to make code open source.
Although this enables replication, it does not necessarily help re-
viewers or domain experts understand the model. Domain experts
are not expected to have programming skills. Moreover, even when
one can read the code, it does not necessarily result in a correct
overview of the model. Even modelers with deep programming
expertise can make implementation errors. If such experts cannot
reliably detect these errors while reviewing their code, then read-
ers may miss key details or misunderstand how the code behaves
during simulations. Finally, it is impractical to try to understand a
model solely from its code [24].

To improve model readability and make modeling choices ex-
plicit, modelers use a range of documentation techniques. Among
these, the ODD protocol is by far the most widely used in the so-
cial simulation community [14]. Modelers answer the protocol’s
guiding questions to describe model structure and behavior, with
questions designed to surface key modeling decisions and provide
a basis for discussing and critiquing a model’s contents. However,
ODD is not a verified document. It has no formal link to the imple-
mentation and can therefore diverge from the code and potentially
misrepresent it [24]. The 2020 update acknowledges this ambiguity
[15] and suggests reducing it by linking ODD descriptions to spe-
cific code locations. More broadly, maintaining verified alignment
between agent specifications and implementations is a recurring
challenge across multi-agent systems. Accordingly, a variety of doc-
umentation protocols exist across paradigms, from ODD extensions
such as ODD+D and ODD+2D and ABM reporting standards such
as RAT-RS and KIA to more general frameworks such as TRACE,
ODMAP, OPE, and PERFICT (see [21], for a review).

We argue that a formal link between ODD-style documenta-
tion and model code can improve transparency and readability. To
engineer this link, we adopt a Domain-Specific Modeling (DSM)
approach [20] by implementing FODD as a domain-specific lan-
guage in JetBrains Meta Programming System (MPS) [19], a lan-
guage workbench for defining languages together with editors,
constraints, and generators. Our scope focuses on social simulation
agent-based models, where the world is conceptualized using an
environment, agents or entities, behaviors, and properties [1].! This
paper contributes an operational Formal ODD toolchain (FODD)
and reports its design and use in practice: (1) the FODD language
and editor in JetBrains MPS, (2) static checks and completeness
mechanisms offered to users of FODD, (3) deterministic transfor-
mation rules implemented in MPS that generate NetLogo code
from FODD specifications, and (4) initial feasibility evidence across

!In this paper, we use both terms agents and entities.
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six diverse models. Our earlier work describes the methodology
for building Formal ODD [30], but in this paper, we focus on the
operational artifact and how these components work together in
practice.

Section 2 introduces FODD, explaining how it creates a formal
link between ODD documentation and executable NetLogo code
and outlining the resulting benefits for transparency and develop-
ment workflow. Section 3 describes the FODD language and tool
support, covering its structure, editor interface, constraint mech-
anisms, and code generation rules. Section 4 details how FODD
implements and extends ODD protocol elements, including derived
sections, entity—procedure links, behavior specifications, and ex-
periment design formalization. Section 5 reports initial feasibility
results across six models for our proof of concept in terms of ex-
ecutability, expressivity, and user-friendliness, and outlines our
development roadmap. Finally, Sections 6 and 7 discuss limitations
and summarize the paper’s contributions.

2 SOLUTION

ODD guidelines, which resemble conceptual model descriptions,
ask modelers to justify design choices and describe key model as-
pects such as behaviors [23], but the result depends on the author’s
rigor and can still support multiple implementations. There is also
no practical way to check that an ODD matches the code beyond
tedious manual comparison, even though domain experts, stake-
holders, policy makers, and reviewers rely on these descriptions
when assessing models and using their results.

A Formalised ODD (FODD) narrows the documentation-code gap
because selected ODD sections become typed, checkable executable
specifications that preserve the ODD structure, while keeping other
sections informal or derived (see Table 1). The transformation rules
deterministically map the FODD specification to executable NetL-
ogo code, so changes to the specification update the runnable model
and keep documentation aligned with the executable model. We
formalize ODD rather than another template because it is widely
used, actively maintained, and validated in practice. In addition,
the FODD specification remains at a higher level of abstraction
than the generated code, closer to the conceptual level of ODD,
which makes it accessible and transparent to stakeholders without
programming expertise. This should not be confused with natural
language, since the formal parts of FODD have explicit syntax and
semantics enforced by static checks and deterministic transforma-
tion rules. FODD is designed to keep the core model specification
backend-independent. In the current prototype, however, some
experiment and interface constructs remain NetLogo-specific, so
backend independence presently applies mainly to the concep-
tual layer of the specification. Supporting other platforms would
require additional generator mappings and the generalization of
target-specific runtime and interface conventions.

2.1 User Workflow

The workflow is minimally presented in Figure 1. In the beginning,
the user specifies the model in the FODD editor in a process analo-
gous to completing an ODD description, but here the specification
and documentation are produced simultaneously, avoiding inter-
mediate pseudocode and code description stages [12]. The editor
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guides the user toward complete specifications (see Section 3 and
Figure 2). Once the specification is complete, the user initiates code
generation with a single click, producing NetLogo code that can be
imported into the simulation platform, which we selected for rea-
sons described in [30]. The user then runs experiments in NetLogo
and proceeds with data analysis.

O Uses: Templates + menus
@ Signals: static errors

Figure 1: FODD workflow from specification to generated
NetLogo code

Writes: FODD spec

-
Generate: code from
correct spec

NetLogo
code

2.2 Benefits and Optimization

FODD can reduce model development time by eliminating the ap-
proximation and coding stages as described in [12]. A single specifi-
cation is checked by constraints and deterministically transformed
into code, simplifying updates and reducing implementation errors.
Documentation effort drops because some ODD sections are derived
automatically (Table 1). Since the specification mirrors ODD and re-
mains aligned with the generated code, it supports verification [13]
and participatory modeling [4] without requiring domain experts
to read source code. The current notation still targets modelers
more than domain experts (Section 5).

3 FODD LANGUAGE

We designed a DSM tool that implements a domain language and
defines transformations to a target programming language. We
chose NetLogo [29] as our initial target because NetLogo is a com-
monly used platform for ABMs with a friendly interface to run
simulations for non-programmers. We implemented the formalized
ODD language in JetBrains MPS [19], a language workbench that
supports multi-language tool building via metamodeling. In this
approach, a language is defined through four parts [6]: structure
(abstract syntax), editor (concrete syntax), constraints (static se-
mantics), and generator (dynamic semantics). Our editor mirrors
the ODD document structure (Table 1). We refined these four parts
iteratively using agile principles [22] and tests on NetLogo Library
models. The next sections describe each part; methodological details
are reported in [30]. FODD denotes the formal domain language
and ODD-structured model description. ODD2NetLogo is our cur-
rent JetBrains MPS-based implementation and generator targeting
NetLogo.

3.1 Structure

The structure defines the available concepts as a hierarchy. The
root concept is ODD, followed by tool concepts that match ODD
elements (Table 1, Column 2) and refine into lower-level concepts
such as “entities”, “user-defined attributes”, and “sliders”. Concepts
in MPS can have attributes, for example “sliders” include “min-
value”, “max-value”, and “increment”. The main reusable concepts
are Expression and Activity. One use of the concept “Expression”
is to assign values to variables (numbers, booleans, or arrays) via
constant values, sliders, or distributions, and it also builds string
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Overview: General Description

What is the research question?
<Press enter and write the model research question>
How would you categorize the role of the model?

<press control space to select the model role>

| Analogy: When processes illustrated by a simulation are used as a way of thinking abo)

| Description: A description (using a simulation) is an attempt to partially represent '

‘ Explanation: Establishing a possible causal chain from a set-up to its consequences i

| Illustration: Communicate or make clear an idea, theory or explanation.

‘ Prediction: The ability to reliably anticipate well-defined aspects of data that is n
Social_Learning: When it encapsulates a shared understanding (or set of understanding

! Theoretical_Exposition: Establishing then characterising (or assessing) hypotheses ab

Press C3B to Show item trace

Figure 2: Overview Section in the Tool. Drop-down menu to
select the role of the model.

values for conditions and grouping of entities. UML diagrams of
the structure can be found on GitHub [8].

3.2 Editor

The editor is the interface of the tool and the main focus of this
paper. The editor description requests the user to insert certain
information about the model in the ODD style. When the user
signals the existence of an entity or procedure in the model, the
editor creates an initial description that requests the information
needed to completely define it. The formality of the tool requires the
user to give more details about the model than the ODD protocol.
However, the user of the tool is not obliged to know how to formally
structure the information. To improve usability, the editor provides
context-sensitive drop-down menus for many inputs (Figure 2) and
template-based guidance embedded in the editor (Figure 3). To
ease the input of specifications, we designed much of the editor
to present template-based information (see for instance Figure 3)
with fill-in sections rather than questions to be answered. With this
design, we also aim to reduce the size of the specification.

Overall, the specification supports communication about the
model and enables automated checking for technical errors. Be-
cause generation is deterministic, the same specification always
produces the same NetLogo output, supporting replicability. We do
not offer a new modeling methodology and we cannot change the
potential of the output model. We only provide an enhanced means
of transparency, verification, replication and communication.

3.3 Constraints

The main role of constraints is to ensure that model specifications
are meaningful and that user input is valid. In FODD, this is enforced
through static checks using specific rules, utilizing MPS’s constraint,
behavior, and typesystem aspects.

The constraint and behavior aspects determine which inputs
are available from drop-down menus (such as the one shown in
Figure 2) and provide contextual instructions. These aspects are
primarily employed to impose constraints on concepts with nar-
row use cases, such as the “All” concept which is only available
when selecting a set using the “SelectN” concept, or to determine
the scope of variables. Concepts that are assigned types—numbers
have the numerical type, while user-defined variables have logic
that determines their type. An example of a static type-check is
verifying an assigned value against the defined variable type. A
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Table 1: Matching ODD elements to Tool Sections and Description of contents.

ODD element Section in the Tool Description of Section
Overview

Purpose and patterns Purpose Informal

Entities, state variables, and scales Entities, state variables, and scales Formal

Process overview and scheduling ~ Process overview and scheduling Formal

Design Concepts

Basic Principles Rationales Informal

- Use of entities and attributes in Procedures Derived

Emergence Emergence Informal

Adaptation - (Derived)

Objectives - (Derived)

Learning - (Derived)

Prediction - (Informal)

Sensing - (Derived)
Interaction Interaction Derived and Informal
Stochasticity Stochasticity Derived and Informal
Collectives Collectives Derived

Observation - (Derived)

Details

Initialization Manual Experiments Formal

Input Data - -

Submodels Process overview and scheduling Formal

- Experiments Formal and Informal

Overview: Entities, state variables, and scales

Entities

The entities in this model are: student

The entity student has colour blue and shape person of size 18 and it describes univ

Entity student has the attributes
E Jte to  student

Common Attributes of all Entities

The common entity attributes are:

The attribute external-characteristics is Collection of numerical (size num-external-characteristics ). The attribute de:

The attribute internal-characteristics is Collection of numerical (size num-internal-characteristics ). The attribute de:

The attribute tolerance is numerical. The attribute describes this numbe
The attribute #positive-interactions is numerical. The attribute describes the number of po
The attribute #negative-interactions is numerical. The attribute describes t
The attribute #refused-interactions is numerical. The attribute describes the numbe

reflects half the range :
a sty
stu
a studen

of refused interactio

The synthetic attribute exclusion-index is defined as ( #negative-interactions + #refused-interactions ) / (. It describe
#negative-interactions + #positive-interactions +
#refused-interactions )

It describes <write iption here>

Characterize excluded as exclusion-index >= 8.8 .

Figure 3: Section Entities, State Variables, and Scales in the Tool.

divergence from the defined type, such as passing a “wolf” entity
to an action defined for “sheep”, or passing an entity to an action
defined for an environment entity, will cause an error. Relevant
concepts implement type-checks to ensure that relationships are
meaningful. For instance, the “IncrementAttribute” concept only
has defined behavior for numbers, so type-checks are performed on
both the value to be incremented and the value to increment by to
test if both are of the number type. User input that does not adhere
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to the typesystem rules returns errors in the common format of a
red underline or an error message.

3.4 Generator

The transformation of input to code is handled by the generator
aspect. The generation rules are an inherent part of the tool and
are documented based on the editor elements. The rules consist
of parametrized templates that correspond to the FODD language
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concepts as well as rules that determine which template is used
and how they are populated with user input. They belong to the
generator aspect of MPS and can be reviewed and updated. Some-
times, the generation rule uses input from different sections of the
editor description. The generation rules imply that we have made
choices when it comes to the style of the code and the semantics.
An example of the code style is the selection of the programming
paradigm to be generated from our tool within the limitations of
NetLogo. Another example is how we manage the sequence of
procedures. The overarching architecture of the output is defined
in the root-template. This template is populated with user input
and written to a netlogo-file. Such decisions make the editor less
technical and allow the use of the tool by interested parties who
are not experienced in programming. From this short overview, it
becomes apparent that a language extension requires at least one
new concept with a new editor description and a new generation
rule.

Syntactically incomplete FODD specifications are detected mainly
through structural completeness rules in the MPS metamodel. If
a field that is required by the structure (e.g. a relationship whose
cardinality is not optional) is left empty, the editor flags it as an
error and points to the exact location of the “illegally” empty field.
We do not guarantee correct code generation for incomplete speci-
fications.

The projectional editor also prevents another common form of
incompleteness: users cannot reference variables that do not exist
or that are out of scope, so “undefined reference” specifications
cannot be constructed. The main limitation is that this only catches
incompleteness that violates structural or typing requirements: if
a user’s partially finished specification is still semantically valid
under the current constraints, it may generate code without errors
even if the model is not “complete” in the user’s intended sense.

4 FORMALITY AND FODD IMPLEMENTATION
FEATURES

We distinguish three levels of formality for user specifications:
formal specifications, informal specifications, and derived. Table
1 shows how FODD sections match ODD protocol elements, with
the third column indicating formality levels.

FODD addresses a fundamental challenge in agent-based model-
ing: conceptual ambiguity. The sloppy use of concepts can make
computer models misleading, as human brains naturally confuse
or mix concepts. When we name entities in our models, readers’
associations with those names may lead them to expect connections
we did not intend. This is especially problematic for ambiguous
concepts such as bullying [31]. FODD addresses this challenge
by explicitly connecting entity definitions to their attributes and
procedures (Section 4.2), and by using concrete actions to specify
behavior (Section 4.3), thereby exposing how concepts are actually
implemented in the model.

In the following sections, we explain how these different as-
pects work. The formal specifications establish a verification link
between documentation and code, ensuring that each time the user
provides the same specifications, the same model will be gener-
ated by the tool. This contrasts with ODD descriptions, which can
prescribe multiple potential model implementations depending on
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the amount of information provided and how semantics are inter-
preted by individuals. Unlike code alone, the FODD description
provides contextual information that helps situate the model and
specify the application context, as well as information about mod-
eling decisions that helps readers evaluate its quality. Additionally,
FODD formalizes experiment design, which aids in exposing how
the model purpose is explored in practice (see more in Section 4.4).
Throughout these sections, we illustrate key features using the
model “MARG” [32]. In this model, university students choose
whether or not to interact with random partners based on their
preferences in terms of characteristics. Their selections lead to
a perceived inclusion or exclusion, which varies from student to
student. More information on the model can be found in [32]. The
model code and documentation are available in [27], which includes
the informal ODD protocol of the model and the model code.

4.1 Design and Information Derived from
Formal Sections

The ODD element Design Concepts is to expose why modelers make
certain modeling decisions and how they connect to the real world.
As suggested in one of the ODD updates [23], modeling decisions
could rely on established theories, real-life observations, ad hoc
rules or a combination of the above. ODD proposes the following
Design Concepts: Basic Principles, Emergence, Adaptation, Objectives,
Learning, Prediction, Sensing, Interaction, Stochasticity, Collectives,
and Observation [15].

We use three ways to handle design concepts in our tool: the
first is to collect information from the formal specifications, and
the second is to request the user to write information informally
as they would in the ODD protocol. The third way is a mix of the
first two. We show the difference by looking at the Design concept
of Stochasticity for the model “MARG”. According to [15], under
Stochasticity, one should be able to record “the processes that are
modeled as stochastic” and the Rationale behind them. When the
user sets up the procedures in Process Overview and Scheduling
and Initialisation, they register whether randomness is invoked.
Since this information is already stored in the formal specification,
ODD2NetLogo collects it and presents it in the section Stochas-
ticity, see Figure 4. However, information about why randomness
is used is not available in the formal parts. Therefore, the user
must add it as informal text to fulfill the Rationale requirement in
Stochasticity. As a result, Stochasticity contains both Derived
and Informal 3 type of Sections as indicated in Table 1. Derived
sections ensure that the user does not manually register informa-
tion already available in other specifications. By doing that, we
limit the user’s potential for errors when writing data in the ODD.
Finally, this method matches the requirement of the ODD protocol
[15] and eases the documentation of the Design Concepts.

2Note that the images correspond to the version of our implementation at the time of
the paper writing.

3Currently the Information sections do not show in Figure 4 but Figure 5 shows
informal sections for other design concepts (look at “has rationale based on”).
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Stochasticity
attribute
attribute
attribvte tolerance is initialized with stochasticity

attribute external-characteristics is initialized with stochasticity
code free-interaction uses stochasticity

internal-characteristics is initialized with stochasticity
ideal-internal-characteristics is initialized with stochasticity

Figure 4: Subsection Stochasticity of Section Design Concepts
in the tool.

4.2 Entity Essence via Attributes and
Procedures

When we name the entities in our models, readers’ associations
with those names may lead them to expect connections we did not
intend. The ODD protocol has devoted a whole section to clarify
the intended meaning behind the words. A dedicated modeler will
cover the aspects that are coded. However, it is more challenging
to convey what is not modeled. Even the most diligent modeler is
unaware of all the associations the brain makes with each name.
Even if they were, there is no reliable way to cover the associations
other people make regarding the same concept. This is especially
true for ambiguous concepts such as bullying [31].

Apart from the benefits of a formal connection between descrip-
tion and code, we address the ambiguity of entity concepts by
connecting different sections in the tool. We argue that the essence
of entities lies in the attributes and procedures of the model and
that we must explicitly link them. We accomplish this by present-
ing them together. Attributes specify which aspect of the entity
constitutes the model focus. For instance, the entity “student” in the
model “MARG” includes attributes such as “tolerance”, “internal
characteristics”, and “negative interactions”. By contrast, a very
different idea of the entity student is used in the model in [28]. In
the latter, the entity owns the attributes: “score”, “preference-list”,
and “choice”.

We can build many models with the same attributes. To further
clarify the narrative behind the model, we expose the procedures re-
lated to entities and attributes in the formal version of ODD. Figure
3 shows a part of the element Entities State Variables and Scales for
the model “MARG”. First, the user defines model parameters—global
attributes that influence the model. Then they must define the enti-
ties, the “students” for the model “MARG”, and state their unique
attributes. In the next section, the user is requested to input the
shared attributes of all entities. Then, the user will describe the
networks among entities. Figure 5 shows an overview of all proce-
dures the entity “student” is connected to, offering enhanced clarity
on the meaning of “student”. Finally, the user registers synthetic
values. Synthetic values are derived from other values using some
expression and indicate properties that can be computed. For in-
stance, in the model “MARG”, based on the type of interactions
(agent attributes) an agent has, the attribute “exclusion index” is
calculated and then based on thresholds, the agent is assigned the
boolean value of “included” or “excluded”.
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4.3 Using Concrete Actions to Describe
Procedures

Two gaps can lead to unintended interpretations: structural in-
completeness and ambiguity. When required structural fields are
missing or types are inconsistent, the editor flags errors and code
generation is blocked. Ambiguity is addressed by deconstructing a
procedure name with other procedures. Figure 6 shows the defini-
tion of the procedure forced-interaction for the model “MARG”.
The definition of the procedure forced-interaction uses two other
procedures: learn-about and evaluate-interaction. Then each
procedure is further analyzed with the use of activities. The tool
supports several types of activities such as moving, creation of
entity, and death of entity. The activities are also selected using
templates. The activities are of lower granularity than procedures.
Thus, they can relate to real-life observations and help clarify proce-
dures. After the definition of procedures, we need to schedule them.
For the model “MARG”, the scheduling uses the two procedures
forced-interaction and free-interaction (shown in Figure 7).

4.4 The Purpose of the Model and the
Experiments

We create new models because we want to get something out of
them. There are at least 16 reasons to model [11], which can be
further categorized into 7 general modeling purposes [9]. For the
ODD protocol [14], the identification of the model purpose is the
first step. The purpose defines the lens through which we model. As
such, the purpose directs the entities we choose and their attributes,
the processes we model, the experiment design, and the data collec-
tion. All of this is, of course, restricted by the computational power
available.

It sometimes happens that we design experiments outside of the
model’s original purpose in order to explore it further. Additional
experiments are welcome when we understand the limitations and
opportunities that the model purpose has enforced on the model.
For instance, the model “MARG” was designed to guide ethical re-
flection on issues of bullying, defined as intensified marginalization
[32]. We can only offer abstract insights if we use the same model to
test interventions. However, if we later assess that the model is fit to
accommodate a new purpose, we can use it to explore other issues.
This assessment is crucial to avoid what [25] calls the Portability
trap—the tendency to reuse software artifacts in contexts they were
not designed for without adequately considering how the original
design constraints limit their applicability. In agent-based modeling,
this means explicitly documenting both the original purpose and
the implications of any purpose extensions.

In the FODD, the user needs to answer some questions regarding
the modeling purpose, such as What is the research question?
and proceed to select which purpose category expresses best the
model purpose (see Figure 2). For this part, as for some others, we
added a small text to explain the types of purposes a model can
have to enhance the user experience in case they are not familiar
with the literature behind ODD. Even though the model purpose
guides the rest of the elements, it is not formal and produces no
code.

We formalize our simulation strategies to further expose how we
have approached the model purpose. We distinguish two categories
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Design Concepts
Rationales
Rationales for Entities, Attributes, and Scales

Rationales for entities

Entity student describes university students
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is used in forced-interaction, free-interaction, evaluate-interaction, learn-about, positive-interaction?

has rationale based on Adhoc rules

We chose to include only students because we are interested in the marginalization
that emerges from the interactions among students and not as a result of student -teachers

relationships for example.

Network university-relationship describes students have relationships with other students , the relationships are 2 directionals (are different in each direction)

is used in
has rationale based on Adhoc rules

Human relationships are twe directional. One agent could have attraction A for another agent but the other agent may
not return the same sentiment. University relations are relations build on the university interactions including

acquaintances to study partners to friends.

Figure 5: Derived information - procedures for entities in the section Design Concepts.

Interaction forced-interaction describes in
The interaction involves a of type
Perform the interaction learn-about with

Perform the interaction learn-about with

Perform the interaction evaluate-interaction with
Perform the interaction evaluate-interaction with

student and & of type student
and
and
and
and

Figure 6: Procedure forced-interaction in the Section Process Overview and Scheduling.

Scheduling

1. Perform the interaction forced-interaction with select 58 % elements from entity student at anywhere

2. Perform the interaction free-interaction with select 30 % elements from entity student at anywhere

Figure 7: Section Scheduling in the tool.

of simulations based on the level of user engagement throughout
the simulation: the Manual Experiments and the Automatic Ex-
periments. In Manual Experiments, the user is active throughout
the simulation. For each Manual Experiment, the user can adjust
parameter values and start and stop the simulation based on their
judgment. To do the manual experimentation, the user interacts
with the user interface of the NetLogo platform. FODD automati-
cally generates the features of the user interface with specifications
from the Manual Experiments section.

Setting up Initialization values is to ensure that the active val-
ues in the simulation model are acknowledged and not defaulted
by the platform. Aside from the values, the user specifies which
parameters can be manipulated in the Manual Experiments, the ap-
pearance of the user interface in NetLogo, and the data visualization.
FODD allows three methods for manipulating parameters during
the Manual Experiments: Initialization with user input (a slider or
a switch, for numerical and boolean values respectively), random
Initialization using a random distribution, and Initialization with a
fixed value given as an expression. The Appearance component
of the section Manual Experiments sets the aesthetics and practi-
calities of the visual element in NetLogo, such as the grid size. The
visualisation is done with tools such as graphs and counters. The
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Manual Experiment could relate to model exploration processes
performed before the verification checks.

In Automatic Experiments, the user will design the experiments
and the range of parameter values and then expect the platform or
software to run the simulations without other input—the Automatic
Experiments specified in the section Experiments of FODD.

Some platforms, including NetLogo, devote features to group
multiple experiments and thus facilitate a user-friendly simulation
design. The new section aims to reproduce this aspect. The section
Experiments is comprised of subsections. The data collection sub-
section defines the values we want to collect for data analysis. The
values can be any model attribute, aggregate statistic, or synthetic
value. In the subsection Experiments, the user defines which pa-
rameters change values throughout the Experiment, the values they
take, and the repetitions of each Experiment.

We argue that the experiment design should be explicit in the
ODD formal document as it can show the extent to which and by
what means the model purpose is explored. As discussed, a single
purpose may require different experiments. Experiments differ in
which parameters vary and in model appearance.
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5 CURRENT STATUS AND NEXT STEPS

We have developed a proof-of-concept implementation of FODD
that demonstrates the feasibility of our approach, available on
GitHub [8], which enables experienced modelers to write and edit
ODD-structured specifications for ABMs and automatically gener-
ate NetLogo code while maintaining aligned documentation.

We evaluate our progress along three dimensions: executability,
expressivity, and user-friendliness. For executability, we developed
a stable core architecture and progressively extended language
structures, constraints, and transformations, enabling deterministic
generation of working NetLogo code from checked specifications.
In terms of expressivity, the current implementation captures six
diverse models, including the MARG model (Figures 3-7), Dom-
World [17, 18], and NetLogo library models (Voting, Fire, Wolf Sheep
Predation, Cooperation). In principle, FODD can be extended to
cover NetLogo’s full computational expressiveness, but the current
prototype intentionally restricts behavior constructs to preserve a
higher abstraction level. Expanding the behavior language without
exposing low-level NetLogo commands is planned future work.
Our evaluation is preliminary and focuses on feasibility across six
models, with completeness and expressivity trade-offs summarized
concisely. For the evaluated models, the NetLogo implementation is
generated entirely from the FODD specifications, meaning that no
manual NetLogo coding is required beyond running the produced
model. The DomWorld FODD description and generated NetLogo
code are provided in [7] to illustrate the relationship between FODD
and NetLogo code. For user-friendliness, ODD2NetLogo provides
an editor that mirrors the ODD protocol structure and guides users
with drop-down menus, templates, and error feedback (e.g., red
underlines for invalid input), which can reduce cognitive load for
code-level concerns by removing the need to reason in NetLogo
or manually keep documentation and code aligned. However, ini-
tial evaluations reveal that the behavior specification language is
not yet intuitive for social scientists. Overall, trade-offs include
additional upfront specification effort compared to narrative ODD,
a behavior language that still needs higher-level abstractions, a
single NetLogo generation target today, and restrictions chosen to
preserve abstraction and deterministic generation.

Building on this foundation, we are extending FODD along all
three dimensions. To enhance executability, we continue to re-
fine our agile development process, expanding the set of primitive
activities and language structures to accommodate more diverse
modeling patterns. To improve expressivity, we are broadening
the range of model behaviors that can be formally specified while
maintaining a conceptual level and avoiding low-level NetLogo
commands, moving activity specifications from approximations
toward more precise conceptual representations while completing
the automation of derived sections in the Design Concepts element.
To advance user-friendliness, we are redesigning the behavior spec-
ification interface to be more intuitive for social scientists and
domain experts who may lack programming expertise. Our vision
is to enable domain experts to first read and understand formal
model specifications, and eventually author their own social sim-
ulation models. These extensions are being informed by ongoing
feedback sessions with researchers from within and beyond the
Social Simulation community.
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By progressively extending FODD’s executability, expressivity,
and user-friendliness while maintaining formal rigor, we aim to
make agent-based modeling more accessible without sacrificing
the verification benefits that formal specifications provide. Open-
source code availability alone does not guarantee transparency or
accessibility if stakeholders cannot meaningfully interpret or mod-
ify it. ODD2NetLogo’s usability features, together with automatic
code generation and enforced consistency between conceptual de-
scriptions and executable code, can lower barriers for non-technical
collaborators to inspect, discuss, and validate models.

6 LIMITATIONS

In this paper, we present our proof-of-concept implementation of
FODD, and it is essential to acknowledge its limitations. Our current
generator targets NetLogo, which is a domain-specific language
for ABMs rather than a general-purpose language such as Java,
implying potential design constraints. In addition, since we define
the mappings from FODD to NetLogo, aspects of the resulting
computation and code style are determined by our transformation
rules. Consequently, the generated code may not show the same
variety as hand-written models and will not be optimized in all cases.
The current generator prioritizes correctness and traceability over
optimization, and standard optimization techniques can be applied
to the generated NetLogo code when needed. Third, users must
learn how to write FODD specifications to create model descriptions.
Finally, FODD does not support reverse generation from code to
specifications, so existing models must be described in FODD to
enable extensions and updates.

7 SUMMARY

A FODD is a regular ODD protocol with verified links to the model
code and requirements for complete descriptions of the different
ODD features. We argue that using a FODD enhances model trans-
parency and readability and provides benefits for participatory
modeling approaches by giving more control to stakeholders. We
have implemented the FODD using Domain-Specific Modeling and
extended the existing ODD sections by including model explo-
ration (Manual Experiments) and experimentation (Automatic Ex-
periments) features. Additional benefits of our approach include
the potential to make the model creation process more efficient,
reduce documentation drift, clarify model concepts, and support
evaluation of whether the model fulfills its intended purpose based
on the experiments conducted. Our current implementation is in a
proof-of-concept state and our tools are available online with open
access.
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