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Executive Summary

The stakeholders involved in software development are becoming increasingly diverse, with
both human contributors from varied backgrounds and AI-powered agents collaborating to-
gether in the process. This situation presents unique governance challenges when explicit
governance policies to decide how decisions are taken (e.g. by majority voting? by consen-
sus? depending on what?) are lacking or unclear. Moreover, diversity is usually overlooked in
the policies increasings the risks for minorities of being overlooked. Indeed, while diversity can
lead to more innovative solutions, it also requires robust governance mechanisms to ensure
equitable representation and ethical decision-making. This report presents a novel Domain-
Specific Language (DSL) designed to define and enforce governance policies in systems in-
volving diverse stakeholders, including AI agents. We propose the core principles for such a
DSL, emphasizing the explicit modeling of diverse participant profiles (both human and agent),
their unique characteristics, roles, and adaptable decision-making processes, with a central
focus on fostering fairness and transparency. This conception offers a pathway towards more
robust, adaptable, and ultimately automated governance, paving the way for more effective and
ethical collaboration.
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1 Introduction
Large Language Models (LLMs) have emerged as powerful tools capable of performing com-
plex tasks such as natural language comprehension and generation, reasoning, among oth-
ers (Chang et al., 2024). Thanks to these capabilities, LLMs can power all types of agents,
which are autonomous entities that can perceive their environment and respond to it, interact
with other agents, and take actions to achieve specific goals (Wooldridge et al., 1995).

An escalation in the number of agents allows creating multi-agent systems, or as recently
named agentic systems, showing collective intelligence that allow them to be used in a wide
range of applications (T. Guo et al., 2024). However, despite their potential, they still pose signif-
icant challenges (e.g., hallucinations, biases, and ethical concerns) that need to be addressed
before they can be safely deployed in real-world scenarios (Mao et al., 2024).

In the MOSAICO project, we envision the future of Software Engineering (SE) as a reliable
application of generative AI to SE tasks, enabled by the coordinated and supervised collabora-
tion of – a possibly large number of – different LLM-based AI agents, that we call a Community
of AIs (or AI-agent community). The project aims at providing a dedicated platform for the engi-
neering and operation of communities of AIs across the SE life-cycle, handling communication,
orchestration, governance, quality assessment, benchmarking and reuse of AI agents.

Figure 1: Overview of the MOSAICO Platform

Figure 1 presents an overview of the envisioned MOSAICO platform. On the left, the end-
user is presented as using the VS Code editor with the MOSAICO extension allowing the use
of the platform. On the right, the MOSAICO repository is in charge of the benchmarking, classi-
fication, and management of agents for their (re)use in the platform. In the middle, the runtime
processes of the platform take the form of a community of agents communicating using a ded-
icated protocol, the AI Server Protocol (AISP). Among those agents, we find five main types of
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agents. The reference agent (in red) is in charge of the communication with the end-users and
communicate the prompts to the appropriate agent. Often, this agent will be a collaboration
agent (in green) decomposing the task in subtasks and assigning them to other agents through
the generation of collaboration patterns using MOSAICO Orchestrator. The agents responsible
for performing the subtasks are solution agents (in blue), excelling in specific domains they de-
liver solutions to the expected task/subtask. These solutions are then evaluated by supervision
agents (in yellow) supervising the work of solution agents. These evaluations are then collected
by the consensus agent to decide the final solution to be adopted. To do so, the consensus
agent relies on the MOSAICO Decision Engine that applies policies specified using a dedicated
governance language. In some cases, these policies can ask for a consensus among the stake-
holders (users and agents), requiring the consensus agent to drive discussions among them to
reach this consensus.

In this report, we present our first contribution to this vision in the form of a governance
language specification. This language will allow specifying policies to describe the decision-
making process to enact depending on the context. Then, these policies will be used by the
MOSAICO Decision Engine and related consensus agent to enforce the decision at run-time.

Governance is a key aspect of software development, where the collaborative nature of
development requires clear guidelines and policies to ensure effective decision-making and
accountability. Governance policies help to establish roles, responsibilities, and processes for
managing contributions, resolving conflicts, and maintaining the integrity in software projects
(Cánovas Izquierdo et al., 2023). Such policies make explicit the decision-making process,
ensuring that all the involved stakeholders are aware of how decisions are made and who
is responsible for them. However, most projects do not explicitly define governance policies,
and those that do are often poorly described and lack clarity (Cánovas Izquierdo et al., 2023).
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 (Cánovas Izquierdo et al., 2015).

The rapid proliferation of AI-powered agents participating in development tasks, coupled
with a growing recognition of the critical role of diverse human backgrounds, presents unprece-
dented challenges to these established governance paradigms (Bjørn et al., 2023; Rasheed
et al., 2024; Rodríguez-Pérez et al., 2021; M. S. Wessel et al., 2018). AI agents, powered by
advancements in Large Language Models (LLMs), are moving beyond simple automation to be-
come active participants capable of complex communication, collaboration, and even decision-
making (T. Guo et al., 2024). On the other hand, human diversity is also beneficial for software
development, as it can lead to more innovative solutions and better decision-making (Yang,
Tanya Y Tian, et al., 2022a), while also benefiting end-users (Gunatilake et al., 2024). While
this human-agent collaboration and broader human diversity promise significant benefits in in-
novation and productivity, they also expose a critical gap: the lack of governance frameworks
designed to explicitly and holistically manage such multifaceted participation.

Recently, the governance of AI, and in consequence communities of AIs, has gained at-
tention in the scientific literature (Chesterman et al., 2024). Effective governance ensures that
agents operate within predefined constraints, maintain accountability, and produce results that
meet quality standards. The introduction of agents in existing systems requires a shift in the
way we think about governance, as traditional governance models may not be sufficient to ad-
dress the unique challenges posed by these systems. In the context of MOSAICO, we decided
to tackle this issue by providing a new governance Domain-Specific Language (DSL) designed
to define and enforce governance policies in systems involving a diverse set of stakeholders,
including communities of AIs.
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In the rest of the report, we illustrate the application of the DSL in the context of OSS
projects. We chose OSS project as they involve many stakeholders with different expertise
and potentially include bots or agents in their process, creating a decision process similar
to the Human/AI multi-agent system at the core of MOSAICO. The proposed DSL provides
a structured approach for expressing governance rules, roles, responsibilities, and decision-
making processes. It encompasses various dimensions of governance, 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.

The rest of this report is structured as follows. Section 2 provides background information
on DSLs, the notion of diversity with AI agents, and the current state of governance in OSS
as example. Section 3 details the result of a preliminary survey on governance policies in the
context of AI agents. Section 4 presents the design and implementation of the DSL. Section 5
discusses the coverage and expressivity of the DSL with a case study. Section 6 provides the
related work. Finally, Section 7 concludes the paper and outlines future work.

2 State of the Art

2.1 Domain-Specific Languages
Domain-Specific Languages (DSLs) are languages specially designed to help to solve a prob-
lem in a particular domain. A DSL is composed of three main elements (Wasowski et al., 2023):
(1) abstract syntax, which defines the concepts and relationships of the domain where the lan-
guage 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 con-
structs. Furthermore, DSLs can be classified into external DSLs, which are generally defined
by a grammar; and internal DSLs, which are embedded in a general-purpose programming
language (known as host language). By using a DSL, the developer can use domain-specific
constructs and therefore address the problem more efficiently (Fowler, 2011).

In the context of governance, a DSL can serve as a formal framework for specifying policies,
roles, and decision-making procedures, thereby enhancing the transparency and reliability of
agent (and human) interactions. Furthermore, by implementing an engine to execute such DSL,
the governance policies can be automatically enforced, reducing the risk of human error and
ensuring that the systems operate within the defined constraints.

2.2 Cognitive Diversity of AI Agents
Software engineering teams are becoming increasingly diverse across multiple dimensions.
Recent research has highlighted the importance of diversity within software development pro-
cesses (Bjørn et al., 2023; Rodríguez-Pérez et al., 2021). Diversity is being studied in terms
of gender, race or ethnicity, but also in terms of cognitive diversity (Dutta et al., 2023; Giner-
Miguelez et al., 2025). Studies have shown that diverse teams tend to produce more innovative
solutions (Catolino et al., 2019; Yang, Tanya Y. Tian, et al., 2022b), and impact positively in
software productivity (Vasilescu et al., 2015).

Adding to this human diversity, software projects now include a growing number of non-
human participants in the form of bots and AI-powered agents (Rasheed et al., 2024; M. S.
Wessel et al., 2018). These automated participants have traditionally performed routine tasks
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like continuous integration, code quality checks, and dependency management (Kinsman et
al., 2021). In the context of OSS, the use of automation mechanisms has become widespread,
with GitHub Actions (GHAs) being adopted by approximately 30% of the 5,000 most popular
repositories (M. Wessel et al., 2023). These automated tools have begun to play more sig-
nificant roles in project governance by assisting with issue triaging, code review processes,
and community management tasks such as welcoming new contributors and ensuring compli-
ance with Contributor License Agreements (Decan et al., 2022), or management of codes of
conduct (Cobos et al., 2025).

However, 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 (T. Guo et al., 2024; Xi et al., 2025) – introducing cognitive diversity among
AI agents. An example of such change can be seen in the use of GitHub Copilot to manage
issues, propose a fix, and iterate with maintainers through pull request comments to iterate on
the proposed solution.1 This profound shift introduces an unprecedented dimension of diversity,
presenting novel and urgent conceptual challenges for governance that existing frameworks are
missing.

Existing AI governance frameworks, while valuable, predominantly address AI systems as
products or services, focusing on principles like fairness, accountability, and transparency from
an external or societal viewpoint (Chesterman et al., 2024). However, they fall short in provid-
ing concrete mechanisms for integrating these principles into practical governance policies for
diverse software teams that include both human and agent participants. In our proposal, we
incorporate some identified indicators for AI: (1) autonomy level (Rahwan et al., 2019), to rep-
resent how independent the agent can make decisions; (2) explainability (Arrieta et al., 2020),
usually understood for understandability, interpretability, explainability, and transparency of the
AI system; and (3) human oversight (Shneiderman, 2020), as whether the AI system is under
human control or not.

2.3 The Example of Governance in OSS
A previous study illustrated the need for explicit governance policies in OSS (Cánovas Izquierdo
et al., 2015) 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 explicitness and nature of governance
policies in practice, particularly in OSS, remain a concern. To understand this current state,
we replicated the study conducted in (Cánovas Izquierdo et al., 2023), 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 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% re-
ported none, and 8% reported all four dimensions. The situation is showing slight improve-

1https://docs.github.com/en/copilot/how-tos/use-copilot-agents/coding-agent/
assign-copilot-to-an-issue
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ments 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, how long it takes 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
no project included a governance.md file, but reported them in the contributing.md file or in their
documentation website. None of the analyzed projects adopted a DSL to specify their gover-
nance policies. The use of a DSL could help in the definition, enforcement, and automation of
the governance policies (Cánovas Izquierdo et al., 2023).

3 Expectations on Governance Policies
To better understand the user needs regarding governance of software projects, we conducted
a preliminary study in the form of a survey. The survey was built as three sections of multiple
choices questions preceded by questions to characterize the development context of the partic-
ipants. Among the seven answers to this survey, five were from industrials, one from academia,
and one from the open-source community. We received answers for both small (1-50 employ-
ees) and big (250+ employees) companies. The sectors of activity of the companies involved
include Digital platform development (in the domain of Internet of Things), mixed/virtual/aug-
mented reality, and AI solutions / software development tools. In terms of software development
activities, the primary focus of the surveyed panel revolves around research and development
of new technologies, followed by the development of commercial software and internal tools
and systems.

3.1 Project Dynamics and Challenges
The first goal of this survey was to understand project dynamics and related challenges. Our
first question in this direction was: What are some common challenging situations or recurring
complex aspects you experience in your software development life-cycle? The most selected
answer (71.4%) was about the effective on-boarding of new team member, followed by the
automation of development steps and the design of the software architecture.

To better understand the current place of governance in the software development process,
we asked the panel which aspects of this process require explicit written policies? For most of
the participants, release management, feature prioritization, issue tracking and dependencies
management appear as the processes usually demanding explicit governance rules.

Finally, we focused on the decision-making process with three question revolving around the
people involved, the forms of participation, and what seemed important to the surveyed people
when it comes to decision-making in software projects. For the first two, the answers show
that the decisions are typically decided by leaders and senior developers, while usually clients
and AI agents are not allowed to participate. Consequently, we observe that the formal voting
mechanism is often disregarded in the profit of leader-based, expert opinion, or consensus-
building process. For the last question, the most important aspects mainly revolve around
transparency, accountability, and clarity of the decision process.
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3.2 AI in Project Processes
The second goal of this survey was to understand the place of AI and in particular AI agents in
the software development process. We first asked the participants if they were currently using
AI agents in any part of their software development process, to which five answered yes.

As a follow-up question, agent users were asked to characterize the role of these agents,
while non-users were asked what was the reason to not use agents. The main uses of AI
agents reported are code contribution and code analysis, while decision-making/guidance was
reported only once. On the other hand, non-users report as the main reason of their choice to
be the absence of mature or available agents for their needs. Other notable reasons include
integration, development and maintenance costs, explainability, and security concerns.

3.3 Language and Automation for Governance
In the last part of the survey, we asked the participants the envisioned benefits, drawbacks and
challenges of, first, a specialized language for governance policies, and then, an automation
tool to interpret and enact those policies.

Regarding the governance policy language, participants reported the benefits of increased
clarity, as well as consistent application of the policies, easier on-boarding, and better docu-
mentation of governance practices. However, participants also foresee an overhead in defining
and maintaining those policies, and the risk of the policies to become too rigid.

Considering automation tooling to enact policies, participants mainly reported the benefits
of improved compliance and objectivity of data/metrics provided. On the other hand, the par-
ticipants also foresee security and fault-tolerance concerns, as well as the over-reliance on the
automation provided.

3.4 Discussion
In this section, we will discuss the answers provided in the three main sections of the survey.
Bar charts of the provided answers as well as percentage can be found in the appendix.

In the first section, the three main challenges identified revolve around the understand-
ing (on-boarding), automation, and decision mechanisms (design choices) of the project pro-
cesses. These challenges call for an explicit, clear, and actionable description of the processes.

Furthermore, written policies appear to mainly be used in decision-making processes (re-
lease management, feature prioritization) and maintenance activities (issue tracking, depen-
dency management). We learned in the second section that AI agents can be used for code
analysis and contribution, including maintenance scenarios. However, these agents come with
multiple issues that would require human supervision – e.g., explainability, security concerns. In
this context, we argue that such verifications and acceptance/rejection of the AI contribution is a
decision-making process. This means that such governance scenarios calls for written policies
governing decision-making processes, including both human contributors and AI agents.

Moreover, the questions about decision-making processes in the first section of the survey
reveal a variety of different forms of participation in this process. Leader-based (or small group
based) and expert opinion based mechanisms align with the current leader/expert centric na-
ture of the participants involved in the decision. Yet, the most popular alternative remains the
consensus among all the stakeholders. In a context where AI agents can contribute to and
analyze the software at stake, their potential involvement in the decision process aligns with
the previously depicted governance scenario.
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Finally, the third section of the survey explores the benefits and challenges in view of a
structured language to specify governance policies and the associated tooling to enact them.
The answers show that such language is seen as a mean to provide increased clarity and
explicitness, as well as an easier on-boarding for new team members addressing the challenges
identified in the first section of the survey when coupled to its automation tooling. However,
challenges for this language should be addressed, such as the overhead to define and maintain
policies and the expressivity and flexibility of the language to avoid bureaucratic processes and
express nuanced governance scenarios.

4 Defining Governance Policies
In the context of governance, a DSL can serve as a formal framework for specifying policies,
roles, and decision-making procedures, thereby enhancing the transparency and reliability of
the interactions. By using a DSL, the developer can use domain-specific constructs and there-
fore address the problem more efficiently (Fowler, 2011), which can be further automated and
enforced.

To the best of our knowledge, there is no DSL for defining governance policies in systems
that address the diversity of participants. With our approach, governance policies can be de-
fined in a more structured way, allowing for the specification of the participants involved, the
scope of the policy, and the conditions that must be fulfilled. This is particularly interesting in
systems that include agents, as it allows for a clearer understanding of how these agents fit into
the overall governance framework.

As mentioned before, a DSL is composed of three main elements (Wasowski et al., 2023):
(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 describe the main elements of our DSL.

4.1 Abstract Syntax

Figure 2: Abstract syntax metamodel of our DSL.
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The abstract syntax of our DSL is defined via the metamodel shown in Figure 2. Metamod-
els 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) (Brambilla et al., 2017). Governance models conforming to this metamodel represent
specific sets of governance policies.

Mainly, the metamodel is aimed at representing four main aspects: (1) scope (i.e., where
the policy is applied); (2) participants (i.e., who is involved in the policy), (3) policies (i.e., what
the policy is about), and (4) conditions (i.e., when it should be applied). Next we describe the
main metaclasses of the metamodel according to these four aspects.
Scope. To represent the first aspect, we propose the Scope generalization. We envisioned a
three-layered structure consisting of the: (1) Project metaclass representing the whole system;
(2) Activity metaclass representing a subset of a project (e.g., development activities); and
(3) Task metaclass representing the atomic part of a project (e.g., a pull request in the context
of OSS projects). This structure allows the extension of the metamodel to include other scopes
in the future. Each metaclass represents one level in the atomicity of the scope, thus they can
be associated with each other. We also defined a StatusEnum enumeration to represent the
state, which can be accepted, meaning the policy instance itself is accepted for application;
partial, meaning the process is ongoing; or completed, meaning the process is finished. This
attribute is optional, but it can be useful to define the status of the scope in the decision engine.
Participants. We define the Participant abstract metaclass, which is a generalization of the
Role and Individual metaclasses. The former is intended to represent a group of individ-
uals that share a common role in the project (e.g., developers, maintainers, etc.), while the
latter is intended to represent a specific individual (e.g., an owner). To ensure fair represen-
tation, we define an attribute to favor contributions from certain individuals in a decision (see
vote_value). These attributes are optional, but they can be used to calculate the vote value
of an individual and favor certain minorities. To represent humans involved in the decision pro-
cess, we extend the Individual metaclass with a HumanIndividual metaclass that can be
associated to a given Profile describing its gender or race. On the other hand, to represent
agents (see Agent metaclass) in the project, we extend the Individual metaclass. We defined
a set of attributes aforementioned discussed (see Section 2.2). These quantitative indicators
(i.e., autonomy_level, explainability, and confidence) can be used to assess properly the
participation of agents in the decision-making. Additionally, we defined a ternary association
between the Individual, the Scope and the Role metaclasses (see HasRole metaclass) to
represent the particular role an individual might have on a specific scope (e.g., a user might be
contributor for development, but reviewer for documentation).
Policies. To define policies, we define the policy hierarchy, which allows defining two kinds of
policies: single policies and composed policies, which consist of a set of policies (either single
or composed). Depending on the method apply for resolution, the policy can be based on: (1)
voting, where each participant selects one (or more) candidates among different possibilities;
(2) consensus, which is focused on a cooperative dynamic where all participants work together
to make the best possible decision for the group; or (3) leader-driven, where one participant
(usually the owner) takes the decision.

In our proposal, we generalized the evaluation of voting policies in two kinds: (1) by the
number of participants involved in the voting process (see AbsoluteMajority metaclass) or (2)
by the number of participants that voted (see Majority metaclass). In short, the decision is
made by assessing whether the most voted option surpasses a threshold based on the number
of potential voters or the number of actual voters. For instance, in a voting policy with 10
participants, with a threshold of 50%, if 4 of them vote for approval and 2 for rejection, the
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voting policy will be approved with a majority policy, but it will not be approved with an absolute
majority policy. This threshold is defined by the ratio attribute and is set to 50% by default.

Consensus policies are based on the idea that all participants should agree on a decision
before it is made. This is particularly useful in situations where the decision has a significant
impact on the project or the community. We provided support for lazy consensus 2, which is
a form of consensus where a decision is made if no one objects. It is, as mentioned in the
APACHE Foundation, one of the most preferred consensus methods.

Leader-driven policies represent the case where a participant, playing the role of a leader,
makes the decision for the group. Because of this decision-making process relies on a single
individual, the leader can define a fallback policy (see default attribute) in case the decision is
not made by the deadline.

In order to express what the policy is selecting, we defined a set of decision types (see
DecisionType hierarchy). A policy must have one decision type. Policies looking for an ac-
ceptance or rejection of a proposal can be represented as a BooleanDecision (e.g., a pull
request review). Policies looking for a selection among a set of options can be represented as
a CandidateChoice (e.g., who will become the new leader of a community). Thus, the set of op-
tions can be represented as a list of elements of our metamodel (see ElementList metaclass)
or as a set of strings (see StringList metaclass).

These policies can be combined to create more complex policies. Composed policies (see
ComposedPolicy metaclass) are defined by a set of policies (either single or composed). The
evaluation of the composed policy is based on the evaluation of its sub-policies. For this, we
propose a set of boolean attributes to define the relationship between the sub-policies: (1)
sequential, sub-policies are evaluated by order of declaration; (2) require_all, all policies
must be satisfied; and (3) carry_over, the outcome of the first policy is used as input for the
next one (this requires sequential attribute to be true).
Conditions. we defined the condition hierarchy (see Condition metaclass) to express the
determinants of the policy (e.g., a policy to be resolved before two weeks) and the policy hi-
erarchy (Policy metaclass) to define the method in which to resolve the policy (e.g., absolute
majority). The condition hierarchy is composed of several conditionals, and structural proper-
ties that define the policy (see, for instance, ParticipantExclusion metaclass). Conditionals
can be evaluated before or after the policy is executed (see pre and post attributes). If they
are fulfilled, the engine calculates the outcome. For instance, in a policy that requires three
participants (see MinimumParticipant metaclass), it will not be evaluated until this condition is
fulfilled (which means that by the end of the deadline, if exists, the policy will be rejected in case
the condition is not fulfilled). Structural properties are considerations that will be taken in the
evaluation of the policy. For instance, in a voting policy, we can define an exclusion of certain
participants (see ParticipantExclusion) to avoid biases in their approval (e.g., excluding the
one proposing the change). Similarly, a policy can have a deadline (see Deadline metaclass),
defined by a fixed date or an offset (e.g., two weeks).

4.2 Concrete Syntax
As concrete syntax, we use a textual language following a typical block-based structure. Each
instance of the metaclass is textually represented by its keyword and a block that contains the
properties of the instance. Containment references are represented as nested blocks, while
non-containment references use an identifier to refer to the target element. To specify this
textual representation, we used an ANTLR grammar, allowing us to generate the associated

2https://www.apache.org/foundation/glossary.html#LazyConsensus
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parser for our governance DSL. The complete grammar (Listing 4) of the governance language
can be found in the appendix.

Listing 1 presents a simplified excerpt of the language grammar written in the EBNF format.
At the root of the grammar, the governance rule describes the overall governance file starting
with the scopes and participants, followed by the list of governance policies. Scopes are rep-
resented as a list of projects, activities and tasks (l.4) in which tasks can be nested in activities
and activities nested in projects. Participants definition involve the definition of roles, individuals
and profiles (l.5) with the idea of linking roles to individuals and profiles to human individuals.

Defined policies can be of two types, single or composed (l.8), reflecting what is defined in
the abstract syntax. Single policies (l.9) are characterized by a policy type (l.13), allowing the
parser to instantiate the correct type, and an ID to define its name (for logging and explainability
of the decision process). A single policy has references to both a scope defined in the scope
section and members (can be individuals or roles) defined in the participant section. It also
defines the decision type (l.16), conditions (l.20) and parameters for the rule (l.23).

While composed policies still define an ID and refer to a defined scope, their composition dif-
fers. Composed policies are, as the name suggest, composed of other policies called phases.
To correctly instantiate a composed policy, we first parse its order (l.26) representing its execu-
tion type (l.27), requirement for all policies to be approved (l.29), and the "carrying over" nature
of the vote (l.30). Then, we parse its phases (l.31) as a list of policy (single or composed).

1 \\ Entry point of the grammar
2 governance := scopes participants policy+ ;
3

4 scopes := ’Scopes ’ ’:’ ( projects | activities | tasks)+ ;
5 participants := ’Participants ’ ’:’ (roles | individuals | profiles)+ ;
6

7 \\ Policy definition
8 policy := single | composed ;
9 single := policyType ID ’{’ scopeID decisonType membersID conds params ’}’ ;

10 composed := ’ComposedPolicy ’ ID ’{’ scopeID order? phases ’}’ ;
11

12 \\ SinglePolicy elements
13 policyType := ’VotingPolicy ’ | ’MajorityPolicy ’ | ’AbsoluteMajorityPolicy ’ |
14 ’LeaderDrivenPolicy ’ | ’ConsensusPolicy ’ | ’LazyConsensusPolicy ’ ;
15

16 decisonType := ’DecisionType ’ ’as’ (’BooleanDecision ’ |
17 ’StringList ’ ’:’ ID (’,’ ID)* |
18 ’ElementList ’ ’:’ ID (’,’ ID)* ) ;
19

20 conds := ’Conditions ’ ’:’ deadline? exclusion? minParticipant? vetoRight?
21 passedTests? labelsCondition* ;
22

23 params := ’Parameters ’ ’:’ ((’ratio ’ ’:’ FLOAT) | (’default ’ ’:’ policy)) ;
24

25 \\ ComposedPolicy Elements
26 order := ’Order ’ ’:’ ( orderType orderMode carryOver ? ) ;
27 orderType := ’Execution ’ ’:’ orderTypeValue ;
28 orderTypeValue := ’sequential ’ | ’parallel ’ ;
29 orderMode := ’RequireAll ’ ’:’ booleanValue ;
30 carryOver := ’CarryOver ’ ’:’ booleanValue ;
31 phases := ’Phases ’ ’{’ policy+ ’}’ ;

Listing 1: Simplified excerpt of the DSL grammar in EBNF format
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1 Scopes:
2 Project myProject {
3 activities :
4 myActivity {
5 tasks : myTask
6 }
7 }
8 Participants:
9 Profiles :

10 profile1 {
11 gender : male
12 race : hispanic
13 }
14 Roles : Maintainer
15 Individuals :
16 Joe {
17 vote value : 0.7
18 profile : profile1
19 role: Maintainer
20 },
21 (Agent) Mike {
22 confidence : 0.8
23 }
24 MajorityPolicy TestPolicy {
25 Scope: myTask
26 DecisionType as BooleanDecision
27 Participant list : Maintainer , Joe as Maintainer , Mike as Maintainer
28 Conditions:
29 Deadline reviewDeadline : 10 days
30 ParticipantExclusion : Mike
31 MinParticipants : 3
32 Parameters:
33 ratio : 0.4
34 }

Listing 2: Example of a governance policy.

Listing 2 shows a simple governance policy that requires the approval of three participants
to accept a task. The policy is evaluated following the majority method (l.25) evaluated as a
BooleanDecision (l.27), and it has a deadline of ten days (l.30), among other conditions.

Next, we declare the possible participants, in our case a Maintainer role and two individuals
(l.28), Joe and Mike with their attributes (l.17-24). We can also define further the profile of the
individuals (l.11-14). In the third block, we define the policy object. The first keyword is the
policy type, in this case it is a MajorityPolicy, followed by its name (l.25). Inside the policy
block, we declare the relationships to the scope and the participants as a list. Note that inside
the participant list we can define the role an individual might have inside a policy with the as
keyword followed by the role defined before (l.28). A policy might have certain conditions,
these are defined with the Conditions keyword (l.29-32). At last, any parameter the policy
might have, we declare it in the Parameters attribute (l.33), followed by the set of parameters,
which in our case is the ratio set at 40% (l.34).
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4.3 Extensibility
To allow for a wide range of application cases, we designed our DSL in an extensible way. As
our current application scenarios involve policies from open-source software development, we
provide a github extension to our metamodel, tailored by the analyzed projects.

Figure 3: GITHUB extension for our governance metamodel.

Figure 3 shows the extended classes, identified with the github stereotype. We defined a
repository (see Repository metaclass), a patch that is composed of at least one pull request
(see Patch and PullRequest metaclasses, respectively). Additionally, we defined labels (see
Label metaclass) and specific conditions, such as a condition that require all tests defined
in the pull request to be passed (see PassedTests metaclass), and a condition that enforces
the inclusion or exclusion of particular labels (see LabelCondition metaclass). Note that we
provided a “light” extension for GITHUB elements for this representation, but a more thorough
extension could be implemented leveraging on existing proposals (Ait et al., 2023).

In the future, a similar extension will be defined to address MOSAICO architecture, reifying
the concepts of scope (Project/Activity/Task) and condition, based on collaboration patterns
and agents KPIs respectivelly.

5 Coverage and Expressivity of the DSL
In order to evaluate the expressivity of our DSL, we identified all the governance policies from
the projects analyzed in Section 2 and tried to translate them to the syntax of our DSL.

We provide the governance policies identified and their translation in our tool repository. In
this report, we present one the translations. Listing 3 presents the governance policy defined
in kubernetes repository3. The policy aims to explicit the decision-making on accepting pull
requests.

In particular, it says that for the acceptance of a pull request (l.4 and l.13), first it is required
to choose approvers and, at least, two reviewers (l.22). Once the reviewers are chosen, they
have to look at the code and set a “look good to me” (lgtm). This can be understood as a
vote for the acceptance of the pull request. Although it is not explicitly stated, we can assume
that we require the vote of at least two reviewers (l.22), As they say that there have to be two

3https://github.com/kubernetes/kubernetes

19

https://github.com/kubernetes/kubernetes


D4.1: Formalization of a Policy Language

1 Scopes:
2 Project K8sProject from GitHub : kubernetes/kubernetes {
3 activities : TestActivity {
4 tasks : TestTask : Pull request {
5 Action : merge
6 }
7 }
8 }
9 Participants:

10 Roles : Reviewers , Approvers
11 Individuals : (Agent) k8s -ci -robot
12 ComposedPolicy pr_merge {
13 Scope: TestTask
14 Order :
15 Execution : sequential
16 RequireAll : true
17 CarryOver : true
18 Phases {
19 MajorityPolicy phase_1 {
20 Participant list : Reviewers
21 Conditions:
22 Reviewers/approvers PRassigned? pre
23 ParticipantExclusion : PRAuthor
24 MinParticipants : 2
25 LabelCondition post : lgtm
26 Parameters:
27 ratio 1.0
28 }
29 AbsoluteMajorityPolicy phase_2 {
30 Participant list : Approvers
31 Conditions:
32 LabelCondition post: approved
33 Parameters:
34 ratio 1.0
35 }
36 LeaderDrivenPolicy phase_3 {
37 Participant list : k8s -ci -robot
38 Conditions:
39 LabelCondition pre: lgtm , approved
40 LabelCondition pre not: do-not -merge/hold , needs -rebase
41 jobs?
42 }
43 }
44 }

Listing 3: Governance policy for accepting pull requests in the kubernetes repository.

reviewers assigned. In this step, anyone but the author of the pull request can vote (l.23). Once
the reviewers have voted, an automation sets the label “lgtm” to the pull request. This can be
represented as a post-evaluated label condition (l.25), so that the future engine can set the
label.

In the next phase, the assigned approvers must approve the pull request. The author of the
pull request can be an approver. All assigned approvers must vote for the acceptance of the
pull request. Thus, we represent this as an absolute majority (l.29) with a ratio of 100% (i.e., all
approvers must approve the changes) – l.34. Once approved, an automation merges the pull
request under certain conditions. The pull request must have the labels “lgtm” and “approved”
(l.39), and cannot have the label “do-not-merge/hold” nor “needs-rebase” (l.40). Additionally,
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one of the following must be true: “there are no presubmit “prow” jobs configured for this repo”
or “there are presubmit prow jobs configured for this repo, and they all pass after automatically
being re-run one last time” (l.41).

Some considerations must be made regarding the translation of this policy. The set of
reviewers and approvers have to be extracted from the OWNERS file. In our case, we facilitate the
participants block to define them. The kubernetes organization has an automation4 that helps
them assigning reviewers and approvers, setting the labels, and merging the pull requests. Our
future decision engine should also be able to do so, but if we see a preconfigured automation
(i.e., the name of the agent is part of the repository), we assume that it is already implemented.
At last, they set a condition that checks for jobs.

5.1 Results and Discussion
Out of the 68% (17) of projects that reported any of the governance dimensions, we success-
fully translated the policies of 7 of them. The ones that could not be translated were mainly
because they only provided incomplete and ambiguous information on some aspects, this sug-
gest that even the attempt to formalize the governance can be useful for project owners that
may quickly realize their descriptions are not precise enough to be useful in practice.

Based on the translated policies, we argue that our DSL is expressive enough to address
real world scenarios and is flexible enough to address complex governance scenarios such as
the one of Kubernetes, addressing one of the challenges described in Section 3.4. The second
challenge identified was about the overhead to define and maintain such specifications. We
argue that the definition overhead, while present, is allowing a clear and unambiguous definition
of the policies, which was still a problem for 10 of the 17 project studied. As for the maintenance
overhead, most of what will affect the policies revolve around update of scopes and change in
the participant. Those two part are clearly separated from the policy definition to allow an easier
maintenance.

6 Related Work
Several studies have been conducted to analyze the governance of software projects (Chulani
et al., 2008; Herbsleb, 2016), particularly in the context of OSS projects (Cánovas Izquierdo
et al., 2015; Keertipati et al., 2016; Pelt et al., 2021). These studies have analyzed the decision
models behind different OSS projects. We leverage from their findings to propose the differ-
ent decision models that can be used in our DSL. In particular, Cánovas and Cabot (Cánovas
Izquierdo et al., 2015) assessed the need for explicit governance rules via a survey to devel-
opers and an analysis of eight well-known OSS projects. From their analysis, they proposed
a DSL covering the main dimensions to define and enforce governance rules in OSS projects.
However, their proposal did not provide support to assess the diversity of the participants in-
volved in the decision-making process. Our DSL extends their proposal by providing a more
expressive syntax to define the profile of participants involved in the decision-making process
and their impact on the decision.

Within the diversity, we acknowledge the presence of agents in the decision process. In this
direction, recent works (Dütting et al., 2024; Eigner et al., 2024) explore the use of different
mechanisms on LLMs, to aggregate their results, such as incentives or consensus practices5.

4https://github.com/k8s-ci-robot/
5https://github.com/irthomasthomas/llm-consortium
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Similarly, the field of automated negotiation (Memon et al., 2025) has also explored the use
of different decision mechanisms to reach consensus among agents. Our paper provides the
identified attributes from these studies to be used in these decision mechanisms, if desired.

On the other hand, studies on the impact of diversity in decision-making processes (Jack-
son et al., 1995), and in particular in the context of software engineering (Feng et al., 2023;
Giner-Miguelez et al., 2025; Weeraddana et al., 2023), provide an identification of the different
dimensions that determine the diversity of participants in the contributions. The work of Giner
et al. (Giner-Miguelez et al., 2025) provide a Software Diversity Card to represent a detailed
profile of the different stakeholders of a software project. In our DSL, we provided a reduced
approach to define the profile of the participants in the decision-making, but could be further
extended to incorporate support for reading the diversity card.

7 Conclusion and Future Work
In this deliverable, we have presented a DSL for the explicit definition of governance policies in
software projects, with a particular focus on supporting diversity among participants, including
both human contributors and AI-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 and allowing for automation in the future. Through the
analysis and translation of governance policies from real-world projects, we have demonstrated
the expressivity and adaptability of our approach, as well as its applicability to contemporary
collaborative software development environments.

As future work for the MOSAICO project, we plan the definition of the DSL extension to align
scopes and conditions with respect to the common governance policy strategies identified in
deliverable 4.2. In deliverable 4.3, we will build a rule based decision engine representing the
operational semantics of this DSL allowing the evaluation and automatic enforcement of the
defined policies. This addition will induce changes in the DSL such as making non-mandatory
the initial definition of the participants, that can be delegated to the collaboration agent – devel-
oped in deliverable 3.3 – as part of the collaboration pattern creation. This decision engine will
then be enhanced as an agent-based runtime in deliverable 4.4, allowing complex interaction
and discussion among the agents involved in the collaboration.
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Annexes

A Results of the survey

A.1 Understanding Project Dynamics and Challenges

Question 1: What are some common challenging situations or recurring complex aspects you
experience in your software development lifecycle?

Question 2: Which of the following aspects of your software development process require ex-
plicit written policies (i.e., governance processes) in your projects to make sure a good decision
is reached?
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Question 3: Who is typically involved in these decision-making processes? (in any of the
previous processes)

Question 4: What forms of participation or decision-making mechanisms are commonly used
for the decision-making process?

Question 5: What aspects are most important to you when it comes to decision-making in
software projects?
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A.2 AI in Project Processes

Question 6: Does your company currently utilize AI agents in any part of your software devel-
opment processes?

Question 7: If so, how would you characterize the role of these AI agents?

Question 8: If you do not currently use AI agents in your development decision-making or active
processes, what are the primary reasons?
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A.3 Language and Automation for Governance

Question 9: Considering a specialized language to precisely define governance policies for
software projects. What potential benefits do you see?

Question 10: What potential drawbacks or challenges do you foresee?
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Question 11: Considering automation tooling that could interpret and help enact governance
policies (potentially defined in such a language), what potential benefits do you see?

Question 12: What potential drawbacks or challenges do you foresee?
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B Grammar of the Governance DSL

Listing 4: Complete ANTLR grammar of the Governance DSL.
1 grammar govdsl;
2

3 governance : (scopes participants policy +) EOF ;
4 policy : (topLevelSP | topLevelCP) ;
5

6 // Top -level policies (with scope)
7 topLevelSP : policyType ID ’{’
8 scope decisionType policyMembers? conditions? parameters?
9 ’}’ ;

10 topLevelCP : ’ComposedPolicy ’ ID ’{’ scope order? phases ’}’ ;
11

12 // Nested policies (no scope)
13 nestedSP : policyType ID ’{’
14 decisionType policyMembers? conditions? parameters?
15 ’}’ ;
16 nestedCP : ’ComposedPolicy ’ ID ’{’ order? phases ’}’ ;
17

18 policyType : ’VotingPolicy ’ | ’MajorityPolicy ’ | ’AbsoluteMajorityPolicy ’ |
19 ’LeaderDrivenPolicy ’ | ’ConsensusPolicy ’ | ’LazyConsensusPolicy ’ ;
20

21 // Scope definition
22 scopes : ’Scopes ’ ’:’ ( projects | activities | tasks)+ ;
23 scope : ’Scope ’ ’:’ ID ; // reference from policy
24 projects : ’Projects ’ ’:’ project+ ;
25 project : ID (’from ’ platform ’:’ repoID)?
26 (’{’ ’Activities ’ ’:’ activity+ ’}’)? ;
27 platform : ’GitHub ’ ;
28 repoID : ID (’/’ ID)? ; // owner/repo
29 activities : ’Activities ’ ’:’ activity+ ;
30 activity : ID (’{’ ’Tasks ’ ’:’ task+ ’}’)? ;
31 tasks : ’Tasks ’ ’:’ task+ ;
32 task : ID (’:’ taskType)? (’{’ taskContent ’}’)? ;
33 taskType : ’Issue ’ | ’Pull request ’ | ’All ’ ;
34 taskContent : status | action | actionWithLabels ;
35 actionWithLabels: action labels ;
36 status : ’Status ’ ’:’ statusEnum ;
37 statusEnum : ’completed ’ | ’accepted ’ | ’partial ’ ;
38 action : ’Action ’ ’:’ actionEnum ;
39 actionEnum : ’merge ’ | ’review ’ | ’release ’ ;
40 labels : ’Labels ’ ’:’ ID (’,’ ID)* ;
41

42 // Decision type
43 decisionType : ’DecisionType ’ ’as’
44 (booleanDecision | stringList | elementList) ;
45 booleanDecision : ’BooleanDecision ’ ;
46 stringList : ’StringList ’ ’:’ ID (’,’ ID)* ;
47 elementList : ’ElementList ’ ’:’ ID (’,’ ID)* ;
48

49 // Participants group
50 participants : ’Participants ’ ’:’ (roles | individuals | profiles)+ ;
51 roles : ’Roles ’ ’:’ ID (’,’ ID)* ;
52 individuals : ’Individuals ’ ’:’ individualEntry (’,’ individualEntry)* ;
53 individualEntry : individual | agent ;
54 individual : ID
55 (’{’ voteValue? ’,’? withProfile? ’,’? withRole? ’}’)? ;
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56 voteValue : ’vote value ’ ’:’ FLOAT ;
57 withProfile : ’profile ’ ’:’ ID ;
58 withRole : ’role ’ ’:’ ID ;
59 agent : ’(Agent)’ ID (’{’ voteValue? ’,’? confidence? ’,’?
60 autonomyLevel? ’,’? explainability? ’,’? withRole? ’}’)? ;
61 confidence : ’confidence ’ ’:’ FLOAT ;
62 autonomyLevel : ’autonomy level ’ ’:’ FLOAT ;
63 explainability : ’explainability ’ ’:’ FLOAT ;
64 profiles : ’Profiles ’ ’:’ profile (’,’ profile)* ;
65 profile : ID ’{’ (gender (’,’ race)? | race (’,’ gender)?) ’}’;
66 gender : ’gender ’ ’:’ ID ;
67 race : ’race ’ ’:’ ID ;
68 policyMembers : ’Participant list ’ ’:’ partID (’,’ partID)* ;
69 partID : ID hasRole? ;
70 hasRole : ’as ’ ID ;
71

72 // Conditions group
73 conditions : ’Conditions ’ ’:’ deadline? exclusion? minParticipant?
74 vetoRight? passedTests? labelsCondition* ;
75 deadline : ’Deadline ’ deadlineID ’:’
76 ( offset | date | (offset ’,’ date) ) ;
77 offset : SIGNED_INT timeUnit ;
78 deadlineID : ID ;
79 timeUnit : ’days ’ | ’weeks ’ | ’months ’ | ’years ’ ;
80 date : SIGNED_INT ’/’ SIGNED_INT ’/’ SIGNED_INT ; // DD/MM/YYYY
81 exclusion : ’ParticipantExclusion ’ ’:’ ID (’,’ ID)* ;
82 minParticipant : ’MinParticipants ’ ’:’ SIGNED_INT ;
83 vetoRight : ’VetoRight ’ ’:’ ID (’,’ ID)* ;
84 passedTests : ’PassedTests ’ evaluationMode? ’:’ booleanValue ;
85 evaluationMode : ( ’pre ’ | ’post ’ | ’concurrent ’ ) ;
86 labelsCondition : ’LabelCondition ’ evaluationMode? include?’:’ ID (’,’ ID)* ;
87 include : ’include ’ | ’not ’;
88

89 // Parameters group
90 parameters : ’Parameters ’ ’:’ (votParams | default) ;
91 votParams : ratio ;
92 ratio : ’ratio ’ ’:’ FLOAT ;
93 default : ’default ’ ’:’ nestedPolicy ;
94

95 // Phased policy
96 order : ’Order ’ ’:’ ( orderType orderMode carryOver? ) ;
97 orderType : ’Execution ’ ’:’ orderTypeValue ;
98 orderTypeValue : ’sequential ’ | ’parallel ’ ;
99 orderMode : ’RequireAll ’ ’:’ booleanValue ;

100 carryOver : ’CarryOver ’ ’:’ booleanValue ;
101 booleanValue : ’true ’ | ’false ’ ;
102 phases : ’Phases ’ ’{’ nestedPolicy+ ’}’ ;
103 nestedPolicy : nestedSP | nestedCP ;
104

105 // Lexer rules
106 ID : [a-zA -Z_][a-zA-Z0 -9_-]* ;
107 SIGNED_INT : ’-’? [0 -9]+ ;
108 FLOAT : ’-’? [0-9]+ ’.’ [0-9]+ ;
109 WS : (’ ’ | ’\t’ | ’\r’? ’\n’)+ -> skip ;
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