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Abstract—The stakeholders involved in software development
are becoming increasingly diverse, with both human contributors
from varied backgrounds and Al-powered agents collaborating
together in the process. This situation presents unique governance
challenges, particularly in Open-Source Software (OSS) projects,
where explicit policies are often lacking or unclear. This paper
presents the vision and foundational concepts for a novel Domain-
Specific Language (DSL) designed to define and enforce rich
governance policies in systems involving diverse stakeholders,
including agents. This DSL offers a pathway towards more
robust, adaptable, and ultimately automated governance, paving
the way for more effective collaboration in software projects,
especially OSS ones.

I. INTRODUCTION

Governance is a key aspect of software development, espe-
cially in Open-Source Software (OSS), where the collaborative
nature of the process requires clear guidelines and policies
to ensure effective decision-making and accountability. Gov-
ernance policies help to establish roles, responsibilities, and
processes for managing contributions, resolving conflicts, and
maintaining the integrity of software projects [1]. Such policies
make explicit the decision-making process, ensuring that all
the involved stakeholders know how decisions are made and
who is responsible for them. However, most (OSS) projects do
not explicitly define governance policies, and those that do are
often poorly described and lack clarity [1]. Furthermore, when
described, they are usually scattered across different project
resources, making it difficult for contributors to understand
the rules and procedures that govern the project [2].

Recently, the landscape of software development is under-
going a profound transformation. The rapid proliferation of
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Al-powered agents participating in development tasks, coupled
with a growing recognition of the critical role of diverse hu-
man backgrounds, presents unprecedented challenges to these
established governance paradigms [3], [4], [5], [6]. Al agents,
powered by advancements in Large Language Models (LLMs),
are moving beyond simple automation to become active partic-
ipants capable of complex communication, collaboration, and
even decision-making [7]. On the other hand, human diversity
is also beneficial for software development, as it can lead
to more innovative solutions and better decision-making [8],
while also benefiting end-users [9]. While this human-agent
collaboration and broader human diversity promise significant
benefits in innovation and productivity, they also expose a criti-
cal gap: the lack of governance frameworks designed to explic-
itly and holistically manage such multifaceted participation.

This paper first replicates a study on governance policies in
OSS [2] to demonstrate the persistent need for explicit gov-
ernance, particularly in today’s agentic development context.
Then, we address this gap by proposing the conceptualization
of a Domain-Specific Language (DSL) designed to define and
enforce governance policies in systems involving a diverse set
of stakeholders, covering both human and agent collaborators.
The proposed DSL provides a structured approach for ex-
pressing governance rules, roles, responsibilities, and decision-
making processes. It encompasses various dimensions of gov-
ernance, including decision-making procedures, positive and
negative discrimination, and other methods to ensure a fair
representation. We envision our DSL to be field-agnostic,
extensible, and adaptable to different contexts, allowing for
the inclusion of various stakeholders and their specific needs.
We also provide tool support to automate and enforce the
governance policies defined with our DSL.

The rest of the paper is structured as follows. Section II
provides the motivation. Section III and IV presents the design
and implementation of the DSL, and the proof of concept,
respectively. Section V discusses the roadmap. Finally, Sec-
tion VI concludes the paper and outlines the future work.



II. STATE OF THE ART
A. Diversity and Governance in Software Engineering

Software engineering teams are becoming increasingly di-
verse across multiple dimensions. Recent research has high-
lighted the importance of diversity within software develop-
ment processes [5], [6]. Diversity is being studied in terms
of gender, race or ethnicity, but also in terms of cognitive
diversity [10], [11]. Studies have shown that diverse teams tend
to produce more innovative solutions [12], [13], and impact
positively in software productivity [14].

Adding to this human diversity, software projects now
include a growing number of non-human participants in the
form of bots and Al-powered agents [3], [4]. These auto-
mated participants have traditionally performed routine tasks
like continuous integration, code quality checks, and depen-
dency management [15]. While these tools have traditionally
handled routine tasks and basic governance functions [16],
[17], the rise of LLMs is transforming these agents from
mere automation tools into sophisticated collaborators capable
of reasoning, communication, and participation in complex
decision-making [18], [7]. This profound shift introduces an
unprecedented dimension of diversity, presenting novel and
urgent conceptual challenges for governance that existing
frameworks are missing.

B. Governance in practice: the case of OSS development

A previous study illustrated the need for explicit governance
policies in OSS [2] but lacked the mechanisms to address
the challenges introduced by participant diversity, particularly
the inclusion of AI agents in decision-making processes.
Our current proposal aims to fill this gap by incorporating
diversity-aware governance mechanisms that acknowledge the
different characteristics of participants and ensure equitable
representation in decision-making processes.

While the landscape of participants is evolving, the explicit-
ness and nature of governance policies in practice, particularly
in OSS, remain a concern. To understand this current state,
we replicated the study conducted by Cénovas Izquierdo
and Cabot [1], which analyzed the top 25 starred software
projects and found that most OSS projects do not have explicit
governance policies, and those that do are often poorly defined
and lack clarity. The governance evidence is analyzed from
the explicit indications of four dimensions: (1) whether there
is some workflow to contribute, different from the typical
pull-based development process; (2) who makes the decisions
to accept code, and how; (3) how long it takes to review or
accept a contribution; and (4) how to become a contributor.

We found that 68% of repositories reported at least one of
the four dimensions, 24% reported none, and 8% reported all
four dimensions. The situation is showing slight improvements
from the previous study. In comparison, we have seen an
increase in the number of projects that partially discussed
governance, from 32% to 68%, mainly because of the report of
the contribution process. However, the span to review or accept
a contribution is only defined in 16% of the projects, how to

become a contributor is only defined in 20% of the projects,
and who makes the decisions, and how, to accept code is only
defined in 24% of the projects. Only 2 projects (8%) provided
a full description of the policies governing them. Note that
no project included a governance.md file but reported them in
the contributing.md file or on their documentation website.
None of the analyzed projects adopted a DSL to specify
their governance policies, which could help in the definition,
enforcement, and automation of the governance policies [1].

ITI. DEFINING GOVERNANCE POLICIES

A DSL can formalize governance policies, roles, and
decision-making procedures, enhancing transparency and re-
liability. To the best of our knowledge, there is no DSL
for defining governance policies in systems that address the
diversity of participants.

Several studies analyze the governance of software
projects [19], [20], particularly OSS projects [21], [2], [22].
However, to the best of our knowledge, only Cénovas
Izquierdo and Cabot [2] proposed a DSL, where they covered
the main dimensions to define and enforce governance rules in
OSS projects. Note, their proposal did not provide support to
assess the diversity of the participants involved in the decision-
making process. Our proposal completely revamps that DSL
and adapts it to the current reality of software development
involving participants with different profiles, the possibility of
having uncertain Al agents, and much more complex decision
procedures with different participant weighting systems.

To collect the requirements for our DSL, we have carefully
considered existing Al governance frameworks and princi-
ples [23]. For instance, we incorporate key Al governance in-
dicators identified in the literature, such as autonomy level [24]
and explainability [25], thus integrating them directly into our
language constructs for agent representation.

Based on these frameworks and our own experience in
open-source development and the analysis of open-source
communities, we propose, in what follows, our governance
DSL. A DSL is composed of three main elements [26]: (1)
abstract syntax, which defines the concepts and relationships
of the domain where the language is applied; (2) concrete
syntax, which defines the notation of the language (e.g.,
textual, diagram-based, etc.); and (3) semantics, which defines
the meaning of the language constructs. In the following, we
discuss each component.

A. Abstract Syntax

The abstract syntax of our DSL is defined via the metamodel
shown in Figure 1. Metamodels restrict the structure of valid
models (i.e., DSL instances, in our case, concrete policies)
and define the relationships between the different elements of
the language (i.e., the different concepts that can be used to
define a policy and how these concepts can be linked to each
other) [27]. Governance models conforming to this metamodel
represent specific sets of governance policies.

Our proposal is structured around key conceptual areas:
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Fig. 1. Abstract syntax metamodel of our DSL.

Participants: Embracing Diversity and Agent Charac-
teristics. A vital aspect of our DSL is the representation
of Participant. The metamodel distinguishes between
human participants (potentially detailed with Profile
information like gender or role-specific attributes to support
fairness or weighted influence) and Agents. The influence
of each participant in the decision-making process can be
adjusted through the vote_value attribute, which can
be set to favor certain individuals or groups. For Agents,
we describe further attributes critical for governance,
such as autonomy_level, explainability and
confidence. This allows expressing complex policies,
such as giving a high-autonomy agent more freedom, while
decisions from agents with low explainability might be used
only as support. Participants can also be grouped by Role,
while also being flexible to allow certain individuals to act
as part of a role in specific policies (see hasRole).

Policies: Defining Flexible and Composable Decision-
Making. The DSL provides a rich set of Policy constructs to
capture diverse decision-making processes essential for adap-
tive governance. It supports various policy resolution strate-
gies, including VotingPolicy (e.g., majority and qualified
majority based on a ratio), ConsensusPolicy (including
LazyConsensus [28] as a practical mechanism for efficient
agreement), and LeaderDrivenPolicy (with optional fall-
back mechanisms). Policies specify a DecisionType, such
as BooleanDecision (for accept/reject scenarios like pull
request approvals) or CandidateChoice (for selecting one
out of multiple options, like electing a leader). Simple policies
can be combined into ComposedPolicy structures (e.g.,
requiring sequential evaluation or all sub-policies to pass).
This enables the modular construction of complex governance
scenarios from simpler, reusable components, thus enhancing

clarity and maintainability.

Scope and Conditions: Contextualizing Policy Application.
Governance policies are usually applied in a particular project
or granular component of it. Our DSL allows their application
to be precisely contextualized. Policies are applied within a
defined Scope, such as a Project, an Activity (e.g.,
development, testing), or a specific Task (e.g., a patch). This
hierarchical scoping enables granular control, allowing differ-
ent governance rules for different project areas or activities.
Furthermore, policies can be described with Conditions
(e.g., setting a deadline or a minimum required participants).
These conditions can also act as prerequisites (pre) or checks
following execution (post).

B. Concrete Syntax

As concrete syntax, we use a textual notation following a
typical block-based structure (see Listing 1). The syntax is
therefore formally defined by a grammar. Each instance of the
metaclass is textually represented by its keyword and a block
that contains the properties of the instance. Containment refer-
ences are represented as nested blocks while non-containment
references use an identifier to refer to the target element.

C. Operational Semantics: Decision engine

The operational semantics take the form of a decision
engine, enforcing the policies on ongoing collaborations. The
engine receives platform data to update the decision-making
process state and take the necessary actions. For the first
implementation of our approach, we rely on GITHUB as the
collaboration platform.

The decision engine operates through a continuous cycle
of state management and policy enforcement. When a
collaboration event occurs (e.g., a pull request is created),
the engine captures the event data and creates an internal



Scopes:
Project myProject {
activities : myActivity {
tasks : myTask
}
}
Participants:
Profiles
profilel {
gender : male
race : hispanic
}
Roles : Maintainer
Individuals
Joe {
vote value : 0.7
profile : profilel
role: Maintainer
}I
(Agent) Mike {
confidence : 0.8
role: Maintainer
b
Paul {
role: Maintainer
}
MajorityPolicy TestPolicy {
Scope: myTask
DecisionType as BooleanDecision

Participant list : Maintainer
Conditions:

Deadline : 10 days

ParticipantExclusion : Paul
Parameters:

ratio : 0.4

}

Listing 1. Simple governance policy evaluated following a majority strategy
as a BooleanDecision requiring 40% positive votes with a deadline of
ten days.

representation. This state management enables the engine to
track multiple concurrent decision-making processes.

For new collaborations, the engine identifies applicable poli-
cies based on scope. Once found, the engine creates an internal
deadline check based on the policy to resolve the process.
When voting occurs (e.g., a pull request review), eligible users’
votes are registered in the collaboration’s ballot box. Each vote
is captured with its rationale, timestamp, and association to the
voter. At deadline, the engine analyzes the votes and enacts
the decision (e.g., merge the pull request). Composed policies
resolve phases sequentially or in parallel, combining decisions
via conjunction or disjunction. In addition, votes can be carried
over between phases.

IV. PROOF OF CONCEPT

We implemented the metamodel as a set of Python classes,
while the concrete syntax was implemented through a gram-
mar definition using ANTLR [29], a parser generator tool.
We developed a transformation that converts the Abstract
Syntax Tree (AST) generated by ANTLR into instances of
our metamodel, which serve as input for the decision engine.
The complete implementation, including the grammar and
decision engine, are available in the tool repository.! We
also translated several governance policies identified in our

Thttps://doi.org/10.5281/zenodo. 15856633

background analysis (see Section II-B) into our DSL syntax
to demonstrate its expressiveness and practical applicability.

V. ROADMAP

The proposed DSL is just a first step towards a more diverse,
transparent and agentic collaboration in software development.
Open challenges and future directions are discussed below.

Usability improvement via new syntaxes. To facilitate the
adoption of our DSL by less technical users, we envision
offering alternative Uls, like chatbots, to enhance usability.
This will be especially useful when introducing our DSL to
manage governance in other, non-software, domains.

Longitudinal study. To better understand if explicit gover-
nance rules help to increase OSS contributions, we plan a
longitudinal study where we could compare the evolution of
contributions in projects before and after they committed to an
explicit governance model. This same study could be useful
to see whether projects are sticking to such governance model
or they just ignore it even after committing to it.

Improved impact of Multi-agent systems in software de-
velopment. We plan to test whether our governance layer
enables more complex multi-agent systems to collaborate, in a
controlled way, to solve more ambitious software engineering
tasks. By leveraging SWE-bench [30], we can systematically
evaluate how governance policies affect agent collaboration,
task completion rates, and adherence to defined constraints.

Participant identification and bias mitigation. A problem
some projects face is identifying the right people to play
certain roles. Given a governance model, it would be possible
to analyze past project data to propose candidates to fill the
roles required in the governance model. A real-time monitor-
ing component should also be helpful to proactively change
the candidates to continuously improve the diversity of the
collaborations. Indeed, a key element of this (semi)automatic
participant analysis could be devoted to make sure the partic-
ipants list is not biased against certain communities and that
it respects the profile requirements.

Governance beyond software. We believe other domains
could also benefit from an explicit and precise definition of
their governance policies based on our DSL. For instance,
making explicit the governance systems of organizations
(such as NGOs) would enable systematic comparison of their
decision-making structures and their assessment of inclusivity.

VI. CONCLUSION

We have presented a vision of a DSL for the explicit
definition and automation of governance policies in soft-
ware projects, with a particular focus on supporting diversity
among participants, including both human contributors and Al-
powered agents. Our DSL extends previous work by enabling
the specification of participant profiles and agent attributes,
thus facilitating more equitable and transparent decision-
making processes. This is just a first step in this direction. As
future work, we plan to work on the aforementioned roadmap.
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