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Abstract. Modeling is inherently a collaborative process, involving mul-
tiple stakeholders with different expertise and technical levels, often using
a myriad of modeling tools, each one tailored to their individual profiles.
This poses a major interoperability challenge, even more when we want
this collaboration to happen in real-time and without relying on a cen-
tralized node. Indeed, a centralized architecture introduces scalability,
privacy and reliability concerns.

In this sense, this paper presents ModelFed, a federated protocol for
real-time collaboration across heterogeneous and distributed modeling
platforms. ModelFed, currently focused on data models but extendable
to others, enables participant platforms to maintain their own data, poli-
cies, and model representations while synchronizing changes efficiently.
We evaluate our approach in a multi-platform modeling environment,
demonstrating consistent model synchronization and practical efficiency
for distributed stakeholders.

Keywords: Collaborative modeling - cross-platform - model federation.

1 Introduction

Information systems development is naturally a collaborative activity involving
various stakeholders working together to build a system [19]. This is also true
for approaches like Model-Driven Engineering (MDE), where conceptual models
serve as the foundation for designing, using, analyzing, and transforming models
during the software development process. Indeed, in conceptual modeling, mul-
tiple stakeholders with diverse knowledge and expertise (from the development
team to non-technical stakeholders and domain experts) often must contribute
collaboratively to defining the system-to-be.

Although this need is recognized in many modeling methods and frameworks,
that support collaborative modeling, they typically require all actors to use the
same tool. This greatly limits the collaboration by imposing restrictions on all
actors (not only on the tool to be used, but also on the modeling language and
even the syntax), forcing all participants to learn those even if, due to their
profile, each participant would prefer to use a different tool and language [12].

Beyond cross-platform modeling, an ideal collaboration environment should
also be not only distributed but fully decentralized. As solutions relying on a
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central server introduce single failure points, hamper scalability, and raise privacy
and control concerns for participants.

This paper proposes such a collaborative modeling architecture. Our ap-
proach is inspired by the concept of Fediverse [17], an interconnected and de-
centralized ecosystem of social platforms. In Fediverse, independent platforms
can interact with each other, enabling users to communicate and share content.
One of its key advantages is that each platform retains control over its own
data and infrastructure, improving privacy, data ownership, and security [17].
The Fediverse primarily ensures interoperability between platforms by using the
ActivityPubH protocol, which enables the federation of independent servers and
reduces dependence on large social media companies. However, while Activi-
tyPub defines general purpose activities (such as Create, Update, and Delete),
it lacks domain-specific semantics required for collaborative modeling, such as
representing model elements (e.g. classes and relationships).

With a vision similar to ActivityPub and the Fediverse, but focused on model
federation, we propose ModelFed and Modelverse, a decentralized ecosystem that
enables collaborative modeling across different platforms. ModelFed, the protocol
that enables platforms to communicate, extends ActivityPub by introducing new
concepts tailored to modeling collaboration, particularly for the creation and
maintenance of structural models. Modelverse adopts a federated architecture,
where modeling platforms maintain their own data and policies but synchronize
changes via a shared protocol, eliminating the need for a central server while
ensuring interoperability.

The remainder of this paper is structured as follows. Section [2] establishes
foundational concepts and background. Section [3] introduces our running ex-
ample, which illustrates key concepts throughout the paper. We then present
our core contributions: Section [4 details the Modelverse ecosystem, Section
describes the ModelFed vocabulary extension, and Section [6] explains the run-
time implementation. Tool support and prototyping are discussed in Section [7]
followed by experimental validation in Section[§] Section [0]examines the extensi-
bility of the protocol for new domains. Finally, Section [10] reviews related work,
and Section [[1] concludes with future directions.

2 Background

2.1 Federated systems

The term federation in software and systems engineering refers to the collabo-
ration between multiple systems, databases, services, or platforms without re-
quiring centralization of all data or resources in a single location |25|. Federated
systems share information, resources, or functionalities in a coordinated manner
while maintaining their autonomy.

The main advantages of federated systems are their interoperability, as they
enable seamless communication and synchronized information sharing; scalabil-
ity, achieved through resource decentralization, which avoids reliance on a single

3 https://uww.u3.org/TR/activitypub/
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point of failure; security, since each system can store and protect sensitive infor-
mation locally, minimizing exposure risks; and autonomy, as systems maintain
their independence while collaborating within the federated framework |[5].

2.2 Fediverse and ActivityPub

The Fediverse is a very popular example of a federated system in which a feder-
ated network of interconnected servers is used for social networking and content
publishing. Each server operates independently, but communicates with others
using a shared protocol called ActivityPub. As a federated system, there is no
central corporation, platform, back-end, or website that coordinates and con-
trols all activity. Instead, users can interact on servers (following, sharing, and
messaging) regardless of which platform or provider they use.

ActivityPub is the protocol that enables communication between social net-
works in the Fediverse. Established by the World Wide Web Consortium (W3C),
it facilitates interoperability by defining two decentralized APIs: (1) client-to-
server API, which enables interactions between users and platforms, and (2)
server-to-server API, which specifies the procedures that servers follow to feder-
ate or distribute activities across different servers.

The data format and vocabulary of ActivityPub are based on ActivityS-
treamd?] a standardized JSON-LDP| based format used to represent social activ-
ities and interactions in a structured manner. The core concepts defined in this
vocabulary include:

— Activities: Actions that may happen, are happening, or have already oc-
curred. Common activity types include Create, Block, Delete, Like, and Up-
date.

— Objects: The specific entities involved in an activity, such as Article, Note,
Image, Video, or Place.

— Actors: The entities performing activities, such as Person, Organization, or
Application.

In ActivityPub, all objects (including actors and activities) have a unique
global identifier (URI).

The following sections present Modelverse and ModelFed, our federated ar-
chitecture for collaborative modeling, inspired by the decentralization principles
of the Fediverse and ActivityPub.

3 Running Example

As a running example, imagine a collaboration scenario aimed at creating a
common model to formalize the Digital Product Passport (DPP) initiative, part

4 https://www.w3.org/TR/activitystreams-core/
% https://www.w3.org/TR/json-1d11/
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of the Ecodesign for Sustainable Products Regulation (ESPR) by the Euro-
pean Commission [10]. The development of a DPP model involves concepts and
knowledge from various areas, making it an ideal case for exploring collaborative
modeling among stakeholders with diverse profiles.

A DPP aims to manage, collect, and share crucial information about prod-
ucts throughout their lifecycle to promote product sustainability and circularity.
Its goals include accelerating the transition to a circular economy, improving ma-
terial and energy efficiency, extending product lifetime, and optimizing design,
manufacturing, usage, and end-of-life processes [29].

According to the ESPR agreement, between 2026 and 2033, the European
Union is expected to adopt the DPP for several product categories, such as tex-
tiles, batteries, electronic devices, and others. However, the design of a structural
or data model for the DPP requires foundational knowledge from several sectors
and user profiles, depending on the product category. Our running example fo-
cuses on designing a general DPP data model that could serve as a foundation
for more specialized areas. Specifically, we identify three key areas, each covered
by a distinct user profile:

— Materials: Modeling the composition of products, including raw materials,
recycled materials, hazardous substances, etc. This part of the model must
be lead by a materials scientist.

— Manufacturing and supply chain: Representing manufacturing processes, car-
bon footprint, certifications, production standards, and supply chain trace-
ability. This knowledge can be provided by an industrial engineer with ex-
perience in manufacturing and logistics.

— Knowledge and management of DPP: Review the overall structure of the
DPP data model, ensure consistency, and manage collaboration between
various industry experts. This includes knowledge of the DPP regulations,
data governance, and interoperability requirements. An IT expert or DPP
data manager can fulfill this role, acting as a DPP model administrator.

To help these profiles efficiently collaborate together, they require a collabo-
rative space where each can use its own tool to describe the parts of the model
relevant to them. Additionally, they should only see the parts of the model
that they need to see to avoid information overload and prevent unauthorized
changes.

In the next sections, we will see how a Modelverse provides the right envi-
ronment to support this type of complex cross-platform distributed modeling
scenarios.

4 Modelverse

We call Modelverse the federated ecosystem of distributed modeling platforms
interconnected through ModelFed, a protocol specifically designed for collabo-
rative modeling.
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Unlike centralized solutions, Modelverse enables decentralized collaboration
by allowing multiple users to concurrently edit shared models without relying
on a central server. Changes propagate in real-time across platforms, ensuring
runtime synchronization while maintaining platform autonomy as each modeling
tool preserves its own internal representation of the model while adhering to the
federation protocol.

To illustrate this, Fig. [I] depicts our running scenario from Section [3| as a po-
tential Modelverse configuration, where three platforms joined the Modelverse
and talk to each other via the ModelFed protocol. In this scenario, users collab-
oratively design the model at runtime, using different notation: the Admin and
the Industrial engineer work graphically, while the Materials scientist interacts
through a tabular view. This heterogeneity is naturally supported by Model-
verse, where each platform manages its own concrete syntax and user interface
for model representation. Additionally, platforms can store and maintain their
local representation of the complete model or specific portions, depending on the
user’s needs. This local storage is not dictated by the ModelFed protocol and can
follow the platform’s own architectural choices (e.g., SQL/NoSQL databases, in-
memory caching, or external storage solutions), as long as the platform complies
with ModelFed’s synchronization interface.
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Fig. 1: Collaborative modeling in Modelverse.



o W e

6 I. Alfonso & J. Cabot.

The realization of a Modelverse scenario requires two key elements: (1) a stan-
dardized vocabulary to ensure semantic interoperability of modeling activities,
and (2) the implementation of the ModelFed protocol based on this vocabulary.
Section [5] details the vocabulary design and its modeling-specific concepts, while
Section [6] describes the protocol’s technical implementation.

5 ModelFed vocabulary

As illustrated in the Modelverse schema (Fig. , platform-to-platform commu-
nication is based on JSON-LD messages structured using the ModelFed vocab-
ulary, an extension of the ActivityStreams Vocabularyﬂ

The ModelFed vocabulary enables semantic interoperability by supporting:
(1) the representation of structural model elements (e.g., classes, attributes,
relationships), (2) modeling-specific activities (e.g., Create, Update, Clone), and
(3) access control through actor and grant definitions.

Without loss of generality (see Section E[, our vocabulary focuses on defining
a JSON-LD syntax for structural conceptual models, drawing inspiration from
the UML specification |21], as it is widely adopted in modeling practice.

Fig. [2]illustrates the core concepts and relationships of the ModelFed Vocab-
ulary, emphasizing its extension points from the ActivityStreams foundatiOIﬂ
At its core, we find the Object concept, defined as an entity of any kind. Every
Object, identified by a globally unique URI, falls into one of four main categories
(ModelElements, Activities, Actors, and Grants) discussed below.

5.1 Model Elements

ModelElement which inherits from Object, is an abstract concept that serves as
a general representation of any element within a model. The concepts inherited
from ModelElement provide a pragmatic representation of the UML specification
for structural models. These include fundamental constructs like Classes, Enu-
merations, Associations, and Generalizations, which represent the corresponding
types of concepts (classes or entity types, associations or relationship types, tax-
onomies, etc.). For example, the Listing specifies the JSON structure to
define the class named ProductPassport in Fig [l with a string attribute called
name. Note that every object includes an ¢d for global identification and a type
for object classification. A similar JSON document would be used to describe
other elements of our DPP example, following the vocabulary of Fig.

Listing 1.1: Example of a Class definition based on ModelFed
{

"@context": [

"https://www.w3.org/ns/activitystreams",

"https://besser -pearl.github.io/ModelFed/ns/modelfed. jsonld"
Js

5 https://www.w3.org/TR/activitystreams-vocabulary/

" ModelFed vocabulary specification available at https://modelfed.readthedocs.io
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"type": "Class",
"id": "https://platformA.com/classes/product_passport",
"name": "ProductPassport",
"attributes": [
{
"type": "Property",
"id": "https://platformA.com/properties/name",
"name": "name",
"elementType": "str"
}
]
}
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Fig.2: The ModelFed vocabulary as an ActivityStreams extension.

5.2 Activities

Activities are among the most important concepts in Modelverse, as they allow
the specification of actions performed on any Object. An Activity, serialized as a
JSON-LD object, constitutes the primary payload exchanged during interactions
between platforms.

ModelFed defines or reuses five activities: Create, Update, Delete, Reclassify
(to change the classification of a ModelElement), and Clone (to create an iden-
tical copy of a ModelElement). Each Activity links one Object (on which the
action is performed), one or more Actors who execute the action, and a list of
Actors to federate the activity (relation named to in the diagram).
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The JSON structure in Listing represents an activity to create an at-
tribute (Property object) named UID for the class ProductPassport, identified
by the URI in the owner field. This action is performed by the Admin actor and
is federated with the Materials scientist and the Industrial engineer. Finally,
the timestamp field indicates the date and time of creation, which should be
automatically calculated by the actor platform server.

Listing 1.2: Example of a Create activity based on ModelFed

"@context": [
"https://www.w3.org/ns/activitystreams",
"https://besser-pearl.github.io/ModelFed/ns/modelfed. jsonld"
Iy
"type": "Create",
"id": "http://platformA.com/activities/alc2t3",
"actor": "https://platformA.com/admin/",
"EeUg [
"http://platformB.com/materialsscientist/",
"http://platformC.com/industrialeng/"
1,
"object": {
"type": "Property",
"id": "https://platformA.com/properties/uid",
"name": "UID",
"elementType": "str",
"owner": "https://platformA.com/classes/product_passport"

L,
"timestamp": "2025-02-11T15:42:45Z"

5.3 Actors and Grants

Actors represent persons, organizations, services or applications with the capac-
ity to perform Activities in a model. An Agent is a specialized type of Application
that represents automated entities that can autonomously perform activities.
Each modeling platform in Modelverse must manage and guarantee the minimal
information required for actors by the ModelFed protocol: id, type, name, inboz,
and outboz. In particular, the inboxr and outbor are communication endpoints
for the activity distribution. Federation is implemented through direct actor-to-
actor interactions using these endpoints: inboz receives activities shared by other
actors, while outbox publishes activities to be shared with others. For example,
when the Material scientist creates the Hazard class, the activity is first sent to
the Material scientist’s outbox, and then delivered to the Admin’s inboz.

The Grant concept governs access control and permissions. It specifies which
actors are authorized to perform certain types of activity on specific model ele-
ments. As depicted in Fig. [2| a Grant specifies the Actor involved (user relation-
ship), a ModelElement, and a role. Three role types are defined: Administrator
with full control (including grant creation), Editor with read/write access (ex-
cluding deletion), and Reader with read-only access.

For instance, in our DPP running example, the Admin assigns editor per-
missions to the Materials scientist and Industrial engineer for distinct model
packages, ensuring that each user interacts only with relevant components. Any
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change in the LifecycleStage class will be federated only between the Admin and
the Materials scientist, while changes in the ProductPassport class will be shared
with everyone, as it belongs to both packages where all users have valid Grants.

6 Runtime implementation of ModelFed

The integration of modeling platforms within the Modelverse is mediated by a
Platform connector (as shown in Fig. , which orchestrates bidirectional syn-
chronization of modeling activities. Fig. [3| details the connector’s architecture,
specifying the core components required for implementation:

Modeling Platform
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1
[l Modeling editor Activity «—p| Access
' Transformer Validator Share
: activities
! Activit »
. 1 - Serializer — P sson-o {<J}
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Actor : APl | Deserializer I‘- Activity JSON-LD) i e activities
1 calls sonetn e}
1
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Fig. 3: Platform connector architecture

The inbox and outbox endpoints are RESTful services that handle the
exchange of activities between platforms. The inbox accepts ModelFed activities
in JSON-LD format, while the outbox uses the same format to queue outgoing
activities for the federated nodes.

The Activity Transformer consists of two main components: the Serializer,
which converts platform-specific events (e.g., "ClassCreated") into standardized
ModelFed activities by mapping them to ModelFed vocabulary terms, adding
metadata (such as actor and timestamp), and generating valid JSON-LD us-
ing the ModelFed @context; and the Deserializer, which performs the inverse
operation by resolving JSON-LD contexts and translating the activities into
platform-specific API calls to recreate the original actions.

The Access Validator performs mandatory authorization checks during
both the serialization and deserialization phases. It checks the actor’s Grants
against the target model elements, applies role-based policies (e.g., editors can
modify but not delete), and rejects any unauthorized activities.

Finally, to handle delivery failures, the Platform Connector can include a
Retry Handler. This component ensures reliability by queuing failed activities
and retrying delivery with an exponential backoff policy. If delivery still fails after
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a set number of attempts, the system logs the error and notifies the user. This
fault-tolerant approach follows established distributed system practices [24].

To illustrate the activity federation process and the orchestration of the key
components involved, Fig. [4| presents a sequence diagram based on the DPP
scenario from Section [3] In this scenario, the user Admin has already created a
domain model and assigned editor permissions to the Materials Scientist.
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Fig. 4: Modelverse sequence diagram: HazardLevel class creation

The process begins when the Materials Scientist creates a HazardLevel class.
This event triggers the platform to send an activity to the Activity Transformer
for serialization. The transformer first delegates authorization to the Access Val-
idator, which checks the actor’s Grants against both the target model element
(HazardLevel class or its owner domain model) and the requested operation
(Create). Upon successful validation, the transformer serializes the activity in
ModelFed’s JSON-LD format and queues it in the Qutbox for asynchronous dis-
tribution. This design ensures non-blocking user interaction by decoupling the
Materials Scientist modeling tasks from the background federation subprocesses.

On the Admin side, once the message is received on the Inboz, it is sent
to the Activity Transformer for deserialization. Before this, however, a second
permission check is performed (this time on the recipient’s side). This dual-
authorization mechanism (enforced on both the actor and recipient servers) en-
sures that activities are executed only when the actor is authorized to perform
them. If the activity passes this check, it is replicated on Admin’s Platform via
the corresponding API calls, allowing the Admin to view the updated model.
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7 Tool Support

To facilitate the adoption of ModelFed, we provide a comprehensive set of open-
source resources, including docs, vocabulary definitions, and a prototype.

The official documentation describes the protocol architecture, message for-
mats, vocabulary structure, and implementation guidelines. It is available onlineﬁ
as a practical reference for developers and researchers.

Moreover, we have released a proof-of-concept prototype that supports and
connects two modeling platforms via Python-based connectors: one for BESSER
[1], a low-code modeling platform based on UML, and another for PyEcore [27],
an MDE framework compatible with the EMF Java implementation. We con-
figured web servers for each platform using FastAPI and implemented the end-
points required by the ModelFed protocol (e.g., outbox and inbox activities for
users). These connectors handle inbox/outbox communication, interpret JSON-
based modeling activities, reproduce them within each platform (e.g., creating
or updating a class), and coordinate activity federation.

The prototype is available in a public repositoryﬂ The ModelFed vocabulary,
which extends ActivityStreams with modeling-specific concepts, is defined using
JSON-LD. The vocabulary context is publicly accessiblﬂ and can be extended
as needed to support other modeling domains. Also, following the examples in
the repo, it is easy to add support for additional platforms.

8 Validation

This section evaluates ModelFed via two experiments involving two modeling
platforms. The goal is to assess the interoperability, consistency, and efficiency
of the protocol. In particular, we want to address the following questions:

— RQ1 (interoperability): Does ModelFed enable an effective model federation
across heterogeneous modeling platforms?

— RQ2 (consistency): Are the federated models correct and coherent across
platforms after modeling collaboration?

— RQ3 (efficiency): What is the performance impact of using the federation
protocol under different collaboration loads?

The evaluation uses the prototype presented in Section[7 and tests the DPP
scenario discussed in Section [3] All experimental artifacts, including test scenar-
ios, collected data, and experiment results are availablﬂ For both experiments,
we deployed separate web servers (BESSER or PyEcore) for each actor on a sin-
gle machine with 32GB of RAM, an Intel(R) Core(TM) i7-1280P processor, and
Windows 11 to simulate collaborative modeling.

8 https://modelfed.readthedocs.io
9 https://github.com/BESSER-PEARL/ModelFed
10 https://besser-pearl.github.io/ModelFed/ns/modelfed. jsonld
"' https://github.com/BESSER-PEARL/ModelFed/tree/main/validation
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8.1 Experiment 1: Evaluating the consistency of ModelFed

Our first experiment consisted of recreating the DPP modeling scenario. To do
so, we defined 50 modeling activities to build a simplified DPP domain model
inspired by the ISO 59040 standard |14||E| and assign the activities to our three
different actors: the Admin, who creates the domain model, packages, and grants
access to other users (interacting through the BESSER platform); the Materials
Scientist, who defines the aspects of the model related to material composition
and hazardous substances (using the PyEcore platform); and the Industrial En-
gineer, who models the stages of product life (also using the PyEcore platform).

First, we used a Python script to simulate the actions of the three actors
on their respective servers, with each activity performed every 100 ms.Fig.
presents the final federated model as viewed by the Admin user in the BESSER
modeling platform. All 50 activities were properly processed by their correspond-
ing servers, federated as intended, and handled by the platform connector. Specif-
ically, 11 activities were performed by the Admin and federated with the other
two users; 17 activities by the Material Scientist were federated only with the
Admin; and 22 activities by the Industrial Engineer were federated with the
Admin. We verified that the activities were federated or shared correctly by
checking the outbox and inbox of each user.

After this first initial experiment, we permuted the order of the actions and
repeated the test to confirm proper processing of the actions and consistency of
the global model. In total, we tested eight different sequences, randomly reorder-
ing the activities while adhering to a set of basic rules to avoid logical errors. For
instance, the first activity must always be the creation of the Domain Model,
and an attribute cannot be created before its owning class exists. We chose eight
sequences, as in our opinion, they are representative enough to cover a variety
of execution orders, allowing us to discard potential consistency issues.

In these tests, we also mixed the activities of the three actors instead of
keeping them grouped, simulating a more realistic scenario where users work
concurrently. Finally, we analyzed the eight resulting models and confirmed that
all were identical, containing the same model elements.

This experiment demonstrates that the ModelFed protocol enables interoper-
ability (RQ1) and supports effective model federation (RQ2) between BESSER
and PyEcore. Synchronization between both platforms was achieved by imple-
menting technological connectors, and the federation of activities remained con-
sistent after several attempts. However, as discussed in Section [6] this requires
that each participant platform properly implements the protocol.

8.2 Experiment 2: Performance analysis

The objective of the second experiment was to evaluate the performance of a
modeling platform under stress using the ModelFed protocol. We designed a

12 Note the goal of the experiment is not to create an ideal DPP model, but to create one
collaboratively; the model itself is just a possibility based on a standard description
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Fig.5: Federated DPP Model in the BESSER Platform

scenario in which an admin user creates a model and executes Create activities
for classes that are federated with multiple users. To simulate this, we ran a series
of tests, gradually increasing the number of modeling activities and the number
of federated users (from 5, 10, and to 20 federated users). For each user, we
deployed a separate web server instance on the same machineWe used JMeterto
configure the test plan and collected metrics such as processing time (the time
taken to process and deliver activities), error percentage (the proportion of failed
requests), and throughput (the number of successfully completed requests per
second), among others.

The average processing times for different numbers of activities (ranging from
10 to 300) are presented in Fig. @ As shown, the processing time increases with
a higher number of activities and users to federate. The response time remains
below 500 ms for up to 50 concurrent activities with 20 users, while for 10 and
5 users, the processing time is significantly lower. It is important to note that,
in a real-world scenario, executing 50 concurrent activities may not be typical.
In all three cases (5, 10, and 20 users), when the number of activities reaches
250, some errors occurred, and some activities were not processed due to server
overload (the server was unable to handle the volume of requests). This explains
why the response time decreases at this point (failed requests are handled more
quickly). Again, unless the participants are AT Agents, this volume of modeling
activities is not realistic, so we do not see this as an issue.

Based on these results, we argue that the response time remains acceptable,
and therefore our approach is scalable, answering RQ3.

9 Extending ModelFed

For the sake of simplicity, until now we have focused on the use of ModelFed
to implement collaborative modeling on structural conceptual models. However,
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Fig. 6: Response time vs. number of activities varying federated user load

ModelFed can be used to collaborate on all types of models by just defining the
corresponding vocabulary as described in Section [f]

As an example, we define a minimal extension to support the specification
of object models [21], which can be used to model relevant scenarios of the sys-
tem, expressed as instances of classes defined in the structural model. Fig. [7]
models this extension by introducing two new concepts: Instance, which rep-
resents instances of a class (e.g., instances of the ProductPassport class), and
AttributeLink, which represents instances of a class attributes (such as UID or
name). Note that in this case, the extension is created on top of the vocabulary
we created so far, but we could create a brand new vocabulary if needed, e.g. to
represent state machines or any other type of dynamic model.

Class attributes | Property
0.1 *

classifier attribute

N " Legend

slots
: : Class from ModelFed
Instance .| Attributelink i:‘
1 Extension
value: attr_type i:l

Fig. 7: ModelFed extension to enable object specification

Once this extension is modeled with JSON-LD, following the approach used
in ActivityStreams (see Section ModelElements) we can automatically collabo-
rate and exchange partial specifications of object models across the actors of our
system. An example is shown in Listing where the object model is an instance
of our DPP running example. Note that the context in line 4 corresponds to the



[ TS - B N U C R

R T
= N N R S SIS

ModelFed: Federated Protocol for Cross-Platform Modeling 15

new vocabulary extension, and it must be available and accessible to guarantee
interoperability and automatic validation. This is key to understanding how to
correctly map the concepts. The rest of the listing (lines 6—20) defines an In-
stance of the ProductPassport class with slots (attribute values) being name and
UID, with values "Battery AAA" and "A1B2C3", respectively.

Listing 1.3: Example of object definition extending ModelFed

"@context": [
"https://www.modelverse.com/ns/modelverse",
"https://your-domain.org/ns/object_modeling. jsonld"
I
"type": "Instance",
"id": "http://platformA.com/productpassport/12345",
"classifier": "https://platformA.com/classes/product_passport",
"slots": [
{
"type": "AttributeLink",
"attribute": "https://platformA.com/properties/name",
"value": "Battery_AAA"

"type": "AttributeLink",
"attribute": "https://platformA.com/properties/uid",
"value": "A1B2C3"

It is worth highlighting that, since the JSON-LD format ensures that proper-
ties without a defined context are ignored, existing platforms in the Modelverse
can continue to operate without errors, even if they do not support the new
modeling extensions. This facilitates cross-platform collaboration when not all
the tools connected in the Modelverse understand all types of models.

10 Related work

Many approaches have addressed collaborative modeling, though mostly focusing
on a single preexisting framework or platform. Some are based on EMF (e.g.,
Sirius [9], MONDO |[6], and Collaboro [15]), others rely on MPS (e.g., Modelix
[20]), or other standalone solutions (e.g., WebGME |[26], FlexiSketch [30], and
MetaEdit [18]). Despite their benefits, they cannot be used as part of cross-
platform interoperability scenarios without ad-hoc extensions.

A few approaches focus on the synchronization and federation of models
across different platforms. Nevertheless, their main goal is data consistency,
transformation and exchange among the platforms, more than the support for
interactive collaboration features. Examples of tools in this category are NAOMI
|8], which enables definition of model dependencies for change propagation, Re-
active Links [23] , which synchronizes primitive properties through explicit link-
ages, or OpenFlexo [13]| , which provides a dedicated language to define model
mappings. Beyond the lack of real-time modeling, they lack support for essential
collaborative features (such as fine-grained access control) and rely on centralized
architectures for model integration.
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Closer to ModelFed goals, Parsafix [28], DesignSpace [7|, and BUMBLE-
CE 2] also target cross-platform collaborative modeling. Parsafix relies on a
central component that acts as an intermediary to synchronize model changes
between two specific platforms. There is no support to add additional platforms.
DesignSpace is also centralized, storing models as graphs that can be modified
via tool adapters. Although DesignSpace offers a mechanism to control access
by marking a model as public or private, it is not possible to share specific parts
of a model with specific users. Similarly, BUMBLE-CEalso adopts a centralized
architecture, where models are maintained in a central inventory, and modeling
activities are coordinated through an inventory controller using platform-specific
plugins. Also, similar to previous tools, BUMBLE-CE lacks support for fine-
grained model sharing.

Finally, we remark that ModelFed has taken inspiration from several Activ-
ityPub extensions developed to support federation in other domains. For ex-
ample, BookWyrm [4] for social reading communities, Pixelfed [22]| for photo
sharing networks, and ForgeFed [11] to federate software project hosting activi-
ties across software forge platforms. These extensions demonstrate the protocol’s
extensibility, but they focus on domains outside of modeling.

To sum up, and to the best of our knowledge, our approach is the first
to propose a federated architecture that enables collaborative cross-platform
modeling without relying on a central server for model synchronization.

11 Conclusion

We presented ModelFed, a federated protocol that enables real-time collabora-
tion across heterogeneous modeling platforms. To demonstrate its feasibility, we
developed a prototype integrating two distinct modeling platforms and validated
the whole approach in a collaborative modeling scenario, showing that ModelFed
can synchronize activities both consistently and efficiently.

As further work, we plan to extend both the ModelFed protocol and its
implementation. Regarding the protocol, our goal is to add more sophisticated
traceability and conflict resolution mechanisms beyond the current timestamp-
based ordering, e.g. via Conflict-free Replicated Data Type (CRDT). Existing
work based on the use of Natural Language Processing (NLP) techniques to sug-
gest semantically similar model concepts across different models |3}/16] could also
be useful here. Implementation efforts will focus on three directions: expanding
support for other platforms (platform connectors), enhancing reliability through
delivery failure handling and cryptographic signature verification, and devel-
oping an Al-assisted connector to automate JSON-LD serialization, validation,
and consistency checking. This intelligent component will reduce the integration
barrier for new modeling platforms joining Modelverse.
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