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Abstract. Research Context: Collaborative System of Information Systems
(SoIS) involve multiple independent organizations that must interact dynami-
cally, without centralized control, to achieve both collective and individual ob-
jectives. Organizational interoperability is crucial in this context but still lacks
adequate solutions when participants frequently join or leave the collaboration.
Scientific and/or Practical Problem: Current BPM and SOA approaches were
designed for static intra or inter-organizational contexts and do not handle the
dynamic nature of SoIS. This limitation creates difficulties in maintaining pro-
cess continuity when participants enter or exit, compromising global objectives.
Proposed Solution and/or Analysis: This research proposes a solution for orga-
nizational interoperability in collaborative SoIS comprising a metamodel and a
semi-automated simulation environment. The metamodel specifies key concepts,
properties, and relationships for modeling collaborative SoIS, while the simu-
lation environment enables the specification and enactment of model instances
according to the metamodel. Related IS Theory: Research on organizational
interoperability is associated with organizational information processing the-
ory and the complexity of information systems. Research Method: The Design
Science Research (DSR) approach was adopted, following the steps of inves-
tigation, design, validation, implementation and evaluation. Summary of Re-
sults: The metamodel was applied in an e-commerce scenario, showing it to be
consistent, expressive, and able to represent domain concepts through models
adhering to its rules and structure. The simulation environment executed these
models, enabling analysis of participant entry and exit dynamics and demon-
strating process continuity despite organizational changes. Contributions and
Impact to IS area: The approach provide both a conceptual foundation and
a means for analyzing and improving collaboration in dynamic interorganiza-
tional contexts. The impact lies in enabling more resilient and adaptive SoIS,
capable of maintaining continuity and interoperability even under frequent or-
ganizational changes.



1. Introduction
Systems of Systems (SoS) consist of independent, heterogeneous constituent systems col-
laborating for common global missions [Maier 1998]. Interactions among participants
enables the SoS to provide new functionalities that are not offered by any of the systems
individually, which is known as emergent behavior [Mendes et al. 2018]. System of In-
formation Systems (SoIS) add a sociotechnical nature to SoS, addressing both system and
organizational levels [Saleh et al. 2015].

SoIS may involve constituent systems of different organizations that should col-
laborate. In this context, organizational interoperability issues are common. The di-
versity of parties may also generate organizational conflicts, that is, each organiza-
tion may have its own interests and regulations and may diverge from each other
[Cavalcante et al. 2016].

In SoS, Service-Oriented Architecture (SOA) has been used to provide certain
types of technological interoperability, such as technical, syntactic, and semantic inter-
operability [Nakagawa et al. 2013]. SOA works well in an SoS context when only soft-
ware is taken into consideration [Salgado et al. 2015]. However, due to its sociotechni-
cal particularities of SoIS, merely adopting a set of technological interoperability stan-
dards provided by SOA is not sufficient to interoperate its constituents. A SoIS needs
to consider the business aspects that constitute an organization, and thus the organiza-
tional level must be addressed in the interoperability architecture [Simanta et al. 2010]
[Fernandes et al. 2021]. If business processes are not aligned, SoIS mission may not be
achieved. Organizational interoperability enable the communication, integration, and in-
teraction between organizations with different organizational structures that align their
heterogeneous business processes to achieve agreed objectives of collaboration among
efficient, integrated, and transparent interorganizational services [Proencia et al. 2025].

One way to achieve organizational interoperability is through Busi-
ness Process Management (BPM), which enables organizations to define, man-
age, and monitor their processes efficiently and effectively. However, accord-
ing to [Graciano Neto et al. 2017], [Santos et al. 2020], [Oliveira et al. 2022],
[Cordeiro et al. 2022] and [Proencia et al. 2025], current approaches used to sup-
port business processes are still not adequate to meet SoIS needs. According to these
works, these approaches were developed to support intra-organizational contexts or
inter-organizational contexts in which participants and their processes are known in
advance and do not change frequently. In the case of SoIS, where participants may
change over time, these approaches are unable to represent the interactions among them
and, consequently, fail to represent emergent behaviors.

Therefore, this paper proposes a solution to support organizational interoperability
aiming to guide the entry and exit of participants in collaborative SoIS. Our solution is
based on a metamodel that represents the structure for collaborative SoISs, and a semi-
automated simulation environment that allows for dynamic evaluation of this metamodel.
The solution goal is to connect process models and software architecture, enabling the
understanding of the mission in a collaborative SoIS based on the design of the processes
and the connections between them (interoperability links).

Metamodel instances allow the understanding of business processes related to par-
ticipants roles that make up the SoIS. This way, they are aware of their role and the



activities they need to perform to collaborate. Furthermore, if a participant leaves, the
others know which participants they should contact to continue collaborating to fulfill the
overall SoIS mission. Currently, if a participant leaves, this reconnection must be per-
formed manually by the SoIS participant manager, may be resulting in SoIS execution
being momentarily interrupted until the reconnections between participants are restarted.
By promoting mechanisms for adaptive collaboration and resilient interoperability, this
research aims to contribute to the development of more sustainable and enduring SoIS.

1.1. Research Method
The proposed solution was developed following the Design Science Research (DSR)
methodology guided by the logical structure proposed by [Wieringa 2009], known as the
regulatory cycle, composed of the stages: Problem Investigation, Solution Design, Design
Validation, Solution Implementation and Implementation Evaluation.

In the Problem Investigation stage, we sought to obtain an overview of the use
of business processes in the context of SoIS and an overview of organizational interop-
erability current understanding [Proencia et al. 2025]. In the Solution Design stage, we
developed the proposed metamodel, building on the related work found in the previous
stage. In the Design Validation stage, we instantiated the metamodel with a BPMN model
of an e-commerce scenario, which allowed us to verify its consistency and expressiveness
in representing domain concepts. In the Solution Implementation stage, we developed a
semi-automated simulation environment to dynamically analyze the metamodel instance.
Finally, in the Implementation Evaluation stage, the e-commerce model was simulated in
three scenarios, demonstrating the dynamics of SoIS in the face of changing scenarios
(entry and exit of participants).

The achieved results demonstrate that the metamodel and the simulation environ-
ment provide a conceptual foundation and a means for analysis to achieve more resilient
and adaptive collaboration among interorganizational systems. The simulation confirmed
the solution’s ability to manage the entry of new participants and perform the automatic
rerouting of activities upon a constituent’s exit, minimizing the impact on the global SoIS
objective and ensuring process continuity, even in environments with high organizational
dynamism.

In this context, enabling developers of participating systems to design solutions
that support the entry and exit of organizations without breaking interoperability links
becomes essential. Such capability ensures the continuity of collaborative processes and
prevents interruptions in the overall functioning of the SoIS.

The remaining sections are structured as follows: Section 2 presents the main
concepts associated with this work and discusses existing studies in the literature related
to the research objective. Section 3 specifies the proposed solution. Section 4 presents
the validation of the proposed solution, and finally, Section 6 provides the conclusion and
directions for future work.

2. Background and Related Works
Interoperability is the ability of diverse systems and organizations to work together (inter-
operate) in a way that ensures people, organizations, and computer systems can interact
to exchange information effectively and efficiently [European Commission 2017].



Several frameworks classifies interoperability types or levels
[European Commission 2017], [Maciel et al. 2024]. Usually the most basic type of
interoperability corresponds to the technical or syntatic levels, beying semantic the
second one. Other intermediate interoperability levels may exist [Ribeiro et al. 2019],
such as the pragmatic level [Asuncion et al. 2010]. Among types on top level is organiza-
tional, which focuses on aligning processes, communication flows, and policies between
organizations, ensuring that the exchanged data can be used meaningfully in their
operations to achieve common goals [Proencia et al. 2025]. To achieve organizational
interoperability, all the previous levels must be attained [Maciel et al. 2017].

Furthermore, our approach is grounded in the Organizational Information Pro-
cessing Theory (OIPT), which posits that organizations must increase their information
processing capabilities to reduce uncertainty in complex environments. In dynamic SoIS,
the proposed metamodel serves as a mechanism to manage this uncertainty, providing
structured information to maintain coordination despite frequent participant changes.

According to [Proencia et al. 2025], organizational interoperability can be struc-
tured into multiple dimensions, each addressing specific aspects of integration and col-
laboration, for instance:enterprise, business and finally process as organizational interop-
erability subtypes.

Several proposals address interoperability issues in complex systems, with a par-
ticular focus on SoIS and the use of business processes to achieve organizational interop-
erability. Concerning the adoption of business processes, [Neto et al. 2017] explore the
relationship between business process modeling and SoIS missions, highlighting a gap in
existing engineering approaches, that fail to adequately support mission modeling. The
use of business processes makes the mission of SoIS clear to all participants.

In the same vein, [Oliveira et al. 2022] propose a systematic method to transition
from the business level to the architectural level in SoIS. The study aims to bridge the
gap between high-level business process models (e.g., BPMN) and concrete architectural
models, ensuring that the system architecture is aligned with business needs.

Complementing this view, [Cen et al. 2017] explore the use of shared ledgers to
enhance organizational interoperability. Their research argues that this approach fosters
transparency, trust, and data consistency, thereby optimizing inter-organizational work-
flows.

Finally, [Fernandes et al. 2021] emphasize conceptual modeling to address the
technical, human and organizational factors that influence interoperability in SoIS. The
study highlights the importance of planning and orchestrating systems for effective data
exchange and the mediation of heterogeneity, noting that new technical connections also
impact organizational and human dimensions.

Business process modeling, especially using Business Process Model and Nota-
tion (BPMN), is a consensus among these studies as an effective tool to describe organi-
zational operations and interactions among constituent systems. There is a common un-
derstanding that interoperability goes beyond the technical level, requiring consideration
of organizational and human aspects. While existing studies address specific challenges
like shared records or abstraction levels, an integrated approach linking process modeling,
collaboration, and simulation is still missing.



Our research works differs from the previous ones as it lies in proposing a solu-
tion that address organizational interoperability in collaborative SoIS by explicitly linking
business process modeling with mechanisms to represent and evaluate the dynamics of
participant entry and exit. Our solution presents a metamodel that represents the struc-
ture for collaborative SoISs. Furthermore, we propose and implement a semi-automated
simulation environment which allows for the validation of our metamodel, simulating the
dynamics of real-world SoIS.

3. Proposed Solution
This section presents the proposed solution to enhance organizational interoperability in
collaborative SoIS by minimizing the impacts caused by the dynamic entry and exit of
participants. In this context, the global objectives of the SoIS can be impacted when a
participant leaves, especially if no other is available to assume its role. The metamodel
and the simulation environment together provide a conceptual foundation and a means of
analysis to address this challenge, enabling participants to be aware of their roles before
joining, and to automatically assume or reroute activities when another participant leaves.
The achieved results demonstrate that the solution supports more resilient and adaptive
collaboration by preserving participants’ autonomy to join or leave at any time, while at
the same time ensuring process continuity and reducing disruptions to the global SoIS
mission.

The solution consists of a metamodel (Section 3.1), with the fundamental concepts
for modeling collaborative SoIS, their properties and relationships, as well as a semi-
automated simulation environment (Section 3.2), which enables the specification and en-
actment of model instances according to the metamodel. The solution was grounded in
the challenges identified in SoIS and in the solutions proposed in the literature, seeking to
integrate and enhance existing concepts for the collaborative and dynamic context.

3.1. Metamodel
The specification of the metamodel (Figure 1) followed the methodology proposed
in [Magalhães et al. 2015], which assumes the analysis of existing models in the do-
main. Therefore, our metamodel proposal was based on the solutions proposed by
[Neto et al. 2017], [Cen et al. 2017], [Fernandes et al. 2021] and [Oliveira et al. 2022],
which already use concepts of SoIS, Business Process, Activity, Interoperability Link,
and Link Type.

Our proposal enhanced these concepts by explicitly adding the Sending and Re-
ceiving Activities, which are part of the Business Process Modeling approach. We also in-
cluded the concepts of Interaction and Communication, which use Interoperability Links
(Technological or Sociotechnical) to connect activities across roles specifying dependen-
cies. In the same way, the Link Type has been expanded to Technological and Sociotech-
nical, with the aim of specifying the types of interoperability required in each Interaction
or Communication. Furthermore, we also propose the concept of Role and Participant,
where Role is responsible for a Business Process and Participant plays a Role.

According to [Neto et al. 2017], an SoIS has missions derived from the specifica-
tion of different business processes. Aligned with these concepts, in our proposal (see the
metamodel in Figure 1) a SoIS (SoIS) is formed by multiple Business Processes belong



Figure 1. SoIS Metamodel

to Roles that contribute to its objective. The SoIS has an ID, a name and a goal. To il-
lustrate the concepts of the metamodel, we will use an example of SoIS for E-commerce.
Considering this example, the SoIS goal could be defined as ”Product Sale and Delivery”.

Each Business Processes is composed of one or more activities and has an ID and
a name. An activity (Activity) is the fundamental component of a business process and
has an ID, a name and a description. For the example of the E-commerce SoIS, ”Receive
Delivery Data” is an activity from business process of the Carrier Role.

A Role describes a generic function or responsibility that an organization (Partici-
pant) plays within the SoIS. Each Role has a name and an goal that defines its purpose. In
the E-Commerce example, the goal of ”Carrier” Role is ”Perform Product Delivery”. In
our metamodel, a Role (e.g., Carrier) maps to a BPMN Participant (Pool) at design time,
while a Participant (e.g., Correios) represents a concrete instance of that role at runtime.

A Participant is the concrete instance of an organization that takes on Role. While



a Role is the abstract function, a Participant is the actual entity performing it. For exam-
ple, the company ”Amazon” is a Participant that takes on the ”Online Store” Role on the
E-Commerce SoIS.

The Activity is specialized into Sender class or Receiver class. A Sender Activity
initiates an Interaction, while a Receiver Activity receives it. In the E-commerce SoIS
example, ”Send Delivery Data”, in the ”Online Store” Role, is a Sender Activity, while
”Receive Delivery Data”, in a ”Carrier” Role, is a Receiver Activity.

An Interaction represents the relationship between a Sender Activity and a Re-
ceiver Activity belonging to distinct Roles, performed by different Participants. Each
Interaction describes links, which may involve data exchanges, service requests, or the
execution of dependent tasks between systems.

A Communication corresponds to a structured set of Interactions that express
the cooperation necessary to achieve a specific business objective between Participants.
However, Communication is not simply the sum of Interactions, it reflects the sociotech-
nical aspect of collaboration, incorporating rules, responsibilities, and agreements that
guide the joint behavior of participants.

Thus, while Interactions address the technical and functional mechanisms of in-
teroperability, Communications capture the organizational and coordinating level of co-
operation, reflecting how organizations articulate to achieve the overall objectives of the
SoIS. These Communications are governed by business rules and constraints (e.g., par-
ticipation agreements and service level requirements) which, although simplified in this
paper for brevity, are fully detailed in our complete metamodel specification to ensure the
alignment of independent organizational policies.

The Interaction and Communication classes are conceived to be enhanced in fu-
ture implementations to include shared ledger mechanisms [Cen et al. 2017], thereby en-
suring traceability and immutability of interactions among participants, even without a
central orchestrator.

The connection between interoperability requirements to establish an Interaction
or Communication between Participants is called Interoperability Link and was inspired
by the works of [Fernandes et al. 2021] and [Oliveira et al. 2022]. It is specialized into
SociotechnicalInteroperability or TechnologicalInteroperability. Each Interoperability
Link requires one or more types of both Sociotechnical and Technological Interoperability
(described in [Santos et al. 2021] and [Maciel et al. 2024]).

Interoperability Links may break when Participants are unaware of their Roles
or when all Participants of a given Role leave the collaboration. While traditional ap-
proaches require manual restoration by the SoIS participant manager, our solution sup-
ports a participant to recognize their Role and the Role of other SoIS Participants and
possibilite the automatic reassignment of activities whenever Participants of the same
Role remain, thus minimizing disruptions. Only the complete absence of a role still de-
mands manual intervention.

TechnologicalInteroperability represents the technical aspects that enable the con-
nection and exchange of information between systems and services, such as data formats
and communication protocols. SociotechnicalInteroperability refers to the need for mu-



tual understanding and alignment between organizations and their business processes for
effective collaboration. A Interaction requires one or more Technological Interoperabil-
ity Link and a Communication requires one or more Sociotechnical Interoperability Link.
Some types of Technological Interoperability Links are Technical, Syntactic, Semantic
and Pragmatic [Maciel et al. 2024]. Some types of Sociotechnical Interoperability Links
are Process, Business and Organizational [Maciel et al. 2024].

An example of TechnologicalInteroperability can be observed in the Interaction
between the ”Send delivery data” (from the Online Store) and ”Receive delivery data”
(from the Carrier) activities. For example, there is technical interoperability when the sys-
tems communicate through a compatible channel, such as a REST API over the HTTPS
protocol.

An example of SociotechnicalInteroperability, specifically organizational inter-
operability, can be observed in the Communication between participants representing the
Online Store and Carrier roles. For the delivery process to function seamlessly, organiza-
tions need to share business rules and agreements, such as the maximum order delivery
deadline, the delivery status update policy, and liability in case of loss. These rules de-
pend not only on technical compatibility but also on alignment between organizational
policies, responsibilities, and commitments. Thus, organizational interoperability ensures
that, despite being independent, participants can collaborate in a coordinated and pre-
dictable manner.

Representing these concepts in the metamodel is essential because it allows for
the explicit definition of the dependencies that support collaboration between participants.
By modeling the different levels of interoperability, it becomes possible to identify which
connections are purely technical and which require organizational agreements, facilitat-
ing both compatibility verification and automatic link restoration in the event of failures.
Furthermore, this representation supports the analysis of SoIS resilience, allowing us to
understand how the departure of one participant can impact service continuity and under
what conditions another participant can assume their functions without compromising the
overall system objectives.

Process synchronization is essential to ensure interoperability in integrated man-
agement systems. Although process synchronization is not explicitly modeled as a class in
our metamodel, the concept of Interaction and Communication, together with the require-
ment for Interoperability Links, inherently implies the need for alignment in information
exchanges.

3.2. Simulation Strategy
While the metamodel allows modeling SoIS static structures, the simulation strategy aims
to demonstrate the dynamic nature of participant input and output, enabling validation
of the completeness and viability of a SoIS. The strategy is implemented as a semi-
automated simulation environment, detailed in this section. It manages the metamodel’s
structured data and simulates the flow of events in dynamic scenarios.

Figure 2 presents the environment architecture. The Bizagi Modeler1 is used for
the visual creation of process models in BPMN. Google Sheets2 serves as the main model

1https://www.bizagi.com/pt/plataforma/modeler
2https://docs.google.com/spreadsheets/



data repository. Each tab of the spreadsheet is manually filled with information related
to instantiated BPMN model and with data from the Participants. Google Apps Script3

operates directly on the spreadsheets, automating the management of IDs and mappings
(script is available at https://tinyurl.com/yhc7ra59). As data is populated in the spread-
sheet, Google Colab4, running Python script (available at https://tinyurl.com/5ezd7ktk)
captures each modification, such as participant entry/exit, interactions, and communi-
cations as events, and interacts with SQLite5 Database (Event Ledger) which is used
to chronologically record all actions and states of the simulated SoIS, ensuring the im-
mutability of events. The data and control flow among these components demonstrates
the integration required for simulating the collaborative dynamics of SoIS.

Figure 2. Implementation and Simulation Environment Architecture

Each tab of the spreadsheet represents an element of the metamodel and contains
the data related to that element. The identifier (ID) columns are automatically populated
by Google Apps Script and hidden to protected from manual editing, ensuring data in-
tegrity. The foreign key columns that reference other tabs use dynamic drop-down lists
filled with user-friendly names to facilitate selection. Date columns allow selection via
calendar input. As an example, the spreadsheet containing all information related to the
e-commerce scenario, is available at https://tinyurl.com/336fehnw (in portuguese).

The SQLite database is configured with two main tables: eventsLedger, which
stores the complete history of all events that occur during the SoIS simulation, enabling
traceability and auditing; and roleRoutingState, which is used to manage the sticky rout-
ing state for participant selection.

The sticky routing strategy by role is employed to simulate continuity of collab-
oration among SoIS participants. Once an active participant is chosen to perform a role,
they become the preferred participant for all future interactions involving that role, sim-
ulating an established working relationship. The Round-Robin (RR) strategy is triggered
when a role requires a new assignment, either because it is the first time this role is in-
volved in an interaction or because the previously assigned participant (the ”sticky”) has
become inactive (left the SoIS). In this case, RR selects the next available active partici-
pant in the predefined sequence (e.g., alphabetical order of IDs), who then becomes the
new ”sticky” participant for that role. This combined mechanism significantly contributes

3https://script.google.com/
4https://colab.google/
5https://sqlite.org/



to simulating the adaptability and resilience of the SoIS in response to the dynamism of
its constituents.

In Figure 3, it is possible to see two events that were recorded in the ledger rep-
resenting the simulation output. In event ID 1, the first participant joined the SoIS. In
this case, the previous event hash is ”None,” since nothing occurred before this event.
Starting from the second event (event ID 2), the ledger stores both the hash of the previ-
ous event and the hash of the current event. In this example, the previous hash for event
ID 2 corresponds to the current hash of event ID 1. This mechanism allows tracking the
chronological order of events. Additionally, other information can be identified, such as
the event type, which in this case, was the participant’s entry—the participant’s name, and
their current status. The simulation data, related to the e-commerce scenario, recorded in
the ledger are available at https://tinyurl.com/2tbevcsa.

Figure 3. Example of Data Stored in the Event Ledger

4. Initial Evaluation and Validation
Regarding SoIS enviroments, real-world validation poses a particular challenge due to the
socio-technical and inter-organizational nature of the systems in question. Participants
tend to be autonomous and heterogeneous, and are often resistant to the idea of coordi-
nating controlled activities [Maier 1998, Mendes et al. 2018]. Following the DSR cycle,
instantiation of a metamodel and simulation-based evaluation are appropriate validation
strategies [Wieringa 2009].

Our initial validation strategy started with metamodel instantiation in a scenario
focused on e-commerce payment and delivery processes. The objective was to evaluate
metamodel concerning its expressiveness and accuracy in representing domain concepts
by creating models that adhere to its rules and structure. Following the DSR approach,
this step was essential to identify possible ambiguities, inconsistencies, or gaps in the
metamodel that might not be apparent from its abstract definition alone.

The metrics used in this evaluation were quantitatives. This allows distinguishing
partial from full adherence to the metamodel rules and concepts. Table 1 presents the
metrics adopted. These metrics were specifically defined for this research following the
Design Science Research (DSR) approach, grounded in established conceptual evaluation
criteria such as metamodel expressiveness and the specific resilience requirements for
dynamic participant behavior in SoIS.

Table 1. Metrics for Metamodel Instantiation
Quality What it Measures How the Result is Measured

Expressiveness The metamodel’s ability to accurately represent all fundamen-
tal concepts of the Collaborative SoIS domain.

Concepts Represented
Concepts Required

Syntax Adherence The ability to map the Abstract Syntax (metamodel) to the
Concrete Syntax (BPMN).

Correct Mappings
Total Mappings



Expressiveness evaluates the proportion of domain concepts represented by the
instantiated model in relation to the total required concepts. Syntax Adherence measures
how many abstract elements of the metamodel were correctly mapped to their correspond-
ing BPMN elements.

For analysis and comparison purposes, all metrics were normalized to a contin-
uous range of [0, 1], where 1 represents the reference or ideal value. Thus, the closer a
metric result is to 1, the better the performance of the metamodel or the simulated model
regarding the evaluated aspect. This normalization allows different metrics to be com-
pared on the same scale and facilitates interpretation, as deviations from the reference
value highlight weaknesses or improvement opportunities in the model.

The evaluation continued with simulation, which allowed us to assess the meta-
model’s feasibility, adaptability and resilience in controlled yet realistic scenarios, repro-
ducing key collaborative SoIS phenomena such as participant entry/exit, rerouting, and
interoperability disruption.

Due to the practical difficulty of engaging real organizations at this stage, simu-
lation is a scientifically sound and widely adopted method of providing initial feasibility
evidence before moving on to field validation.

The simulation was also evaluated through quantitative metrics that capture viabil-
ity, adaptability, resilience, and transparency of the collaborative SoIS (Table 2). These
simulation metrics were tailored to evaluate the viability and resilience of the collabora-
tive process under the dynamic scenarios of participant entry and exit.

Table 2. Metrics for Model Simulation
Metric What it Measures How the Result is Measured

Flow Viability The ability to complete the SoIS’s global objective in the
Base Scenario of Normal Operation.

Successful Flows
Total Flows

Adaptability to Entry The SoIS’s ability to incorporate a new participant without
interruption.

Entries Successfully Incorporated
Total Entries Attempted

Resilience to Rerouting The ability to maintain the global objective after the exit of a
critical participant.

Interactions Rerouted Successfully
Total Interactions Affected

Transparency and Im-
mutability

The simulation environment’s ability to provide traceability
and an auditable record of actions.

Events with Valid Hash
Total Events

Flow Viability corresponds to the proportion of planned execution flows that were
successfully completed in the base scenario. Adaptability to Entry measures the pro-
portion of new participants that were incorporated without disrupting the global SoIS
objective. Resilience to Rerouting evaluates the proportion of affected interactions that
were successfully reassigned after the exit of a participant. Finally, Transparency and
Immutability assess whether all registered events maintain valid cryptographic hashes,
ensuring chronological integrity of the ledger.

All metrics were normalized to a continuous range of [0, 1], where 1 represents
the ideal reference value.

4.1. Metamodel Instantiation
To achieve the objective of validation first stage we instantiated the metamodel in
an e-commerce payment and delivery scenario (Figure 4), characterized by its multi-
organizational dynamism and clear interoperability requirements, in order to verify if



the metamodel is able to represent the concepts of: SoIS, Business Process, Sending Ac-
tivity, Receiving Activity, Role, Participant, Interaction, Communication, Technological
Interoperability Link, and Sociotechnical Interoperability Link.

Figure 4. SoIS Collaboration Diagram - e-Commerce

The metamodel instantiation was carried out iteratively through three refinement
cycles. The goal of these iterations was to verify, in each attempt, whether the elements
and relationships defined in the metamodel were sufficient to represent the concepts and
interactions of a SoIS within the e-commerce domain. In each cycle, the results of the
previous instantiation were analyzed by the first and second authors — the latter acting as
a metamodeling specialist — and reviewed by the last author, who assessed the conceptual
consistency of the resulting model.

In the first iteration, the metamodel included the elements SoIS, Business Pro-
cess, Activity, Participant, Role, and Interoperability Link. The interoperability types —
Syntactic, Semantic, and Organizational — were represented as independent classes. This
structure provided an initial understanding of the relationships between processes and par-
ticipants but proved limited for expressing the dependencies between activities belonging
to different roles.

In the second iteration, the metamodel was improved with the inclusion of the
Interaction and Communication elements, which made it possible to explicitly represent
exchanges between activities of different roles. Additionally, the Activity element was
specialized into Sender and Receiver, allowing the direction of information flow to be



identified. In this version, the interoperability types ceased to be separate classes and
became an attribute of the Interoperability Link, simplifying the structure and reducing
redundancy.

In the third iteration, the Interoperability Link was specialized into Technolog-
ical Interoperability Link and Sociotechnical Interoperability Link. The first includes
the attribute Technological Interoperability Type, associated with the technical, syntac-
tic, semantic, among others technological interoperability levels; the latter includes the
attribute Sociotechnical Interoperability Type, associated with business, process, organi-
zational, among others sociotechnical interoperability levels. The relationships between
elements were also refined to better reflect hierarchy and dependency direction, and some
attributes were renamed or expanded to improve semantic clarity.

The process was concluded after the third iteration, as the resulting structure
proved capable of representing all relevant concepts and interactions required for the col-
laborative functioning of a SoIS. At this stage, the metamodel achieved internal consis-
tency and conceptual completeness, with no remaining gaps or ambiguities that would
justify additional iterations.

The instantiation in BPMN successfully represented the core elements of the meta-
model - SoIS, Business Process, the general Activity, the specialization Sender Activity
and Receiver Activity, Role, Interaction, Communication, and the general Interoperability
Link. Although the Participant element and the specialization of Interoperability Links
(Technological and Sociotechnical) were not explicitly represented, the instantiated model
was sufficient to validate the conceptual soundness of the metamodel.

The metamodel instantiation metrics were evaluated according to the criteria sum-
marized in Table 1. The results indicate high syntactic adherence and a satisfactory level
of expressiveness. The expressiveness metric obtained a value of 0.75, calculated by
comparing the number of metamodel concepts represented in the BPMN instantiation (9)
with the total number of concepts defined in the metamodel (12), demonstrating that the
metamodel is sufficiently expressive to represent collaborative SoISs in the e-commerce
domain. The syntactic adherence metric reached the reference value of 1.0, confirming
that the mapping between BPMN constructs and metamodel elements was correctly ap-
plied.

Next, we detail how the elements of the metamodel (abstract syntax) are materi-
alized and represented in this context using the BPMN (concrete syntax). These elements
are shown in Figure 5.

SoIS is the sales and delivery ecosystem itself and it is visually represented by
the set of Pools that represent the Roles (Online Store, Payment Gateway, Acquirer, Card
Netwaork, Issuer, Fraud Prevention and Carrier). Business Process is visually repre-
sented by the set of Activities, represented as Tasks, contained in a Pool. The nature of
an Activity as a Sender or Receiver is inferred from the direction of the Message Flows
connected to it and can also be explicitly defined by the type of Task used, such as Send
Task or Receive Task. In Figure 5, Sender Activities are marked in red, while Receiver
Activities are marked in green.

Participant is not explicitly represented by a specific BPMN graphical compo-
nent. This occurs because the Participant is considered an instance management element,



which is handled in the simulation layer (implemented via Google Sheets and Python)
rather than within the abstract business process model. Some examples of Participants
for each Role are as follows: Online Store (”Amazon”, ”Mercado Livre”), Payment
Gateway (”PagSeguro”, ”BrasPag”), Acquirer (”Cielo”, ”Rede”), Card Network (”Visa”,
”Mastercard”), Issuer (”Banco do Brasil”, ”Santander”), Fraud Prevention (”ClearSale”,
”CyberSource”) and Carrier (”Correios”, ”Loggi”).

Interoperability Links are represented by Message Flows, but the specific in-
teroperability type are not directly visualized as graphical elements; instead, they are
semantic attributes that enrich the description of the modeled Interactions and Commu-
nications and materializes in the simulation environment. Interaction is represented by
Tasks together with Message Flows and Communication is represented visually by is the
set of Interactions between Roles.

Figure 5. SoIS Collaboration Diagram - e-Commerce - Metamodel Elements

4.2. Metamodel Instance Simulation

To achieve the objective of the second stage of validation (simulation), three dynamic
scenarios were simulated within the scope of e-commerce payment and delivery, in order



to verify if the planned execution flows were successfully completed in all scenarios and
whether the recorded events can be consulted in order to identify all the steps of the
executed flow.

Initially, detailed information about the SoIS, Role, Business Process and Activity
elements was recorded in the corresponding Google Sheets tabs. This ensured that all
attributes defined in the metamodel were properly associated with each element of the
test scenario. Google Apps Script automatically populated the primary IDs in the tabs
(e.g., IdRole in Roles) and performed the mappings from names to IDs in the foreign key
columns (e.g., IdRoleResponsible in BusinessProcesses).

To evaluate the behavior of the proposed solution, three simulation scenarios were
defined, each representing a specific situation involving the entry or exit of participants
in the collaborative SoIS. For each scenario, an objective, initial state, and expected final
state were established, as described below.

Scenario 1 – Normal Operation
• Objective: To simulate the normal execution of the collaborative SoIS in the e-

commerce domain, validating that the information flow and collaboration between
participants occur as expected when all roles are present and functioning. This sce-
nario serves as a baseline for the analysis of dynamic behavior in the subsequent
simulations.

• Initial State: The initial participants for each role in the e-commerce SoIS were
entered in the Participants tab of Google Sheets. During monitoring, the Python
script logged a ParticipantJoined event in the ledger for each active participant,
simulating the entry of participants.

• Final State: The complete execution flow of the successful purchase was sim-
ulated. For this, the necessary interactions to complete this flow were recorded
in the Interactions tab of Google Sheets along with information on the types of
technological interoperability required to complete the interaction. The Python
script automatically retrieved the interaction details and selected the participants
responsible for each sender and receiver activity. The script then logged Inter-
actionStarted and InteractionCompleted events in the ledger, computing hashes
to ensure immutability. Similarly to interactions, the Python script automatically
retrieved the communication details from the Communications tab and logged a
CommunicationStarted event in the ledger. This scenario establishes the baseline
for comparison with subsequent tests.
Flow viability metric was verified in this Scenario by simulating a complete and
successful process execution, which was fully traceable through the sequenced
hashes in the immutable event ledger.

Scenario 2 – Entry of a new participant
• Objective: To evaluate the SoIS’s capacity to dynamically integrate a new partic-

ipant during execution, verifying whether the system can establish the necessary
interoperability links without interrupting ongoing processes.

• Initial State: The SoIS starts in a stable configuration with the participants active
and collaborating normally. During execution, a new participant joins the system
assuming the Carrier role, which is already represented by another participant.
The new Participant’s data (”Loggi”) was added to the Participants tab in Google



Sheets and the Python script logged a ParticipantJoined event in the ledger, sim-
ulating the entry of a new participant.

• Final State: The SoIS successfully incorporates the new Carrier participant. The
overall process continues without interruption, demonstrating how multiple partic-
ipants can perform the same role, expanding the collaboration options and adapt-
ability of the SoIS without the need for a central orchestrator.
The initial and final state of this scenario is represented in Figure 6.
Adaptability to entry metric was proven in this Scenario by successfully logging
a ”ParticipantJoined” event, making the new participant available for routing.

Figure 6. Participant Entry Dynamic in a Collaborative SoIS

Scenario 3 – Participant exit and automatic rerouting

• Objective: To assess the SoIS’s ability to maintain continuity when a participant
leaves the collaboration, verifying the solution’s capability to reroute activities
automatically and restore interoperability links.

• Initial State: The SoIS starts with all participants active. During execution, one
participant performing the Carrier role leaves the system, interrupting the delivery
process. However, another participant remains in the same role and is capable of
taking over the pending activities. The status of ”Correios” was changed to ”In-
active” in the Google Sheets tab and the Python script logged a ParticipantExited
event in the ledger.

• Final State: The script Python automatically identified the next active participant
available for the Carrier role and a SoISRerouteCompleted event was recorded in
the ledger, simulating the SoIS adaptation. The interoperability links are reestab-
lished, and the process execution reaches completion without manual intervention.
This confirms the solution’s ability to adapt dynamically to participant changes,
maintaining the SoIS’s operational flow and achieving its global objective despite
organizational variation.
The initial and final state of this scenario is represented in Figure 7.
Resilience to Rerouting metric was confirmed in this Scenario when the script au-
tomatically managed the exit of a participant, logging a ”ParticipantExited” event
followed by the ”SoISRerouteCompleted” event, thereby maintaining the Global
SoIS Objective of ”Product Sale and Delivery”.

The chaining of event hashes throughout the three scenarios confirmed the Trans-
parency and Immutability metric of the record, simulating the auditability capabilities of
a shared ledger.

In the Scenario 3, if no active substitutes were available, the crucial interoperabil-
ity link for delivery is broken, and the Online Store can no longer perform the necessary



Figure 7. Participant Exit and Rerouting Dynamics in a Collaborative SoIS

interaction. This scenario results in the inability to achieve the SoIS’s global objective
of ”Product Sale and Delivery,” demonstrating a critical failure in service continuity. In
this case, the script Python would be record a SoISCriticalImpact event in the ledger. The
initial and final state of this scenario is represented in Figure 8.

Figure 8. Interoperability Breakdown - Critical Impact due to Total Participant Exit

In a real collaborative SoIS, the total absence of providers for a critical service
would require manual intervention, the search for new external partners, or the redefinition
of the SoIS objectives. In this case, the autonomy of the constituents alone is insufficient
to mitigate the impact. This scenario highlights an inherent limitation of collaborative
SoIS without central orchestration: resilience to complete failures in critical roles depends
on the prior availability of substitutes or the system’s ability to attract new participants
quickly. The proposed approach, while optimizing rerouting among existing participants,
cannot create new participants or functionalities when no options are available.

In all three simulated scenarios, the overall SoIS process reaches a conclusion;
no instance is ”stuck” without a result. Therefore, the Flow Viability metric reached the
maximum value (1.0). Regarding the Adaptability to Entry metric, in Scenario 2, a new
participant joins, and the SoIS continues to function as expected. Therefore, the metric
reached the maximum value (1.0). Regarding the Resilience to Rerouting metric, in Sce-
nario 3, when one participant left the SoIS, all interactions associated with the Carrier role
were automatically rerouted to another available participant with the same role. There-
fore, the metric reached the maximum value (1.0). The Transparency and Immutability
metric reached the ideal value (1.0), confirming that all configuration changes performed
during the simulations were correctly recorded and made visible to the participants in-
volved.

The simulation of the e-commerce scenario successfully demonstrated the model’s
feasibility, adaptability, and resilience in a dynamic environment, validating the achieve-
ment of the second set of objectives. The simulation confirmed the adherence to the
metrics presented in Table 2.



By instantiating the metamodel in a semi-automated environment and exploring
three representative collaborative scenarios, the study demonstrated its capacity to de-
scribe and sustain interoperability among autonomous systems under different configura-
tions. The simulation enabled the observation of how the approach should supports col-
laboration continuity and mitigates the effects of participant entry and exit, without the
practical constraints of real-world implementation. Therefore representing a necessary
grounded step providing evidence of the approach feasibility and establishing a founda-
tion for subsequent empirical validation in realistic environments.

The results obtained confirmed the feasibility, adaptability, and resilience of the
metamodel in an SoIS environment, especially in the dynamics of participants joining and
leaving with automatic flow rerouting. The evaluation was conducted using a well-known
scenario,an e-commerce environment, which proved suitable for illustrating the interac-
tions and interoperability links among heterogeneous participants. However, additional
simulations using other collaborative contexts are required to verify whether the behavior
of the metrics remains consistent across different domains and levels of organizational
complexity. Moreover, to increase the robustness of the evaluation, it is suggested that in
future simulations the scenarios be executed with a greater number of participants joining
and leaving the SoIS. This increase will allow for a more comprehensive evaluation of the
adaptability and resilience metrics, testing the system’s performance in a context of higher
complexity. A notable difficulty in the simulation was the visualization and analysis of
the event logs, given that consulting the Event Ledger was carried out through a direct
SQL query to the SQLite database. This approach hindered the user-friendly comparison
of the cryptographic hashes and the visual and chronological recreation of the execution
flow from the log, limiting the clarity and efficiency of the simulation audit.

5. Threats to Validity and Limitations
This initial evaluation has limitations that must be acknowledged. Regarding external va-
lidity, results are limited to an e-commerce scenario; future studies should explore more
complex domains like healthcare to test generalization. Concerning conclusion validity,
the small participant set and simple scenarios resulted in several 1.0 metrics, representing
a functional proof-of-concept rather than performance under stress. Lastly, the current
simulation is sequential; handling parallel events, high concurrency, and non-functional
requirements (e.g., encryption, scalability) is required for real-world production environ-
ments.

6. Conclusion and Future Works
This work presented an approach to strengthen organizational interoperability in collab-
orative SoIS, grounded in Organizational Information Processing Theory to mitigate un-
certainty in dynamic contexts. Our main contribution is the integration of a formally de-
fined metamodel with a simulation environment that implements an automatic rerouting
mechanism (using sticky and round-robin logic). This combination enables autonomous
organizations to maintain process continuity and global objectives without central orches-
tration, addressing a gap in traditional BPM/SOA approaches.

The simulation results in the e-commerce domain demonstrate that the approach
effectively reduces the impact of participant entry and exit. Future work will focus on:
(i) evolving the simulation environment into a user-friendly graphical interface; (ii) inte-
grating business rules and constraints into interaction links; (iii) exploring AI and Large



Language Models (LLM) to identify and raise emergent behaviors at runtime; and (iv)
validating the solution with real-world organizations in production environments. Over-
all, this research contributes to the design of more resilient and adaptive SoIS capable of
sustaining long-lived collaborations.
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