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Abstract: Organizations are constantly looking for ways to improve the performance of their
business processes (BPs) by making them more understandable, coordinated, streamlined, and
effective. As a result, stakeholders are invited to take part in BP’s management and improvement
projects, which make use of modeling and simulation technologies. The influence of resources
(human, monetary, ...) and their allocation in a business process has a significant impact on
the simulation results, thus they must be portrayed accurately from the analysts’ standpoint.
By offering concepts, methodologies, and tools that combine business process modeling and
simulation, this study bridges the gap between the two worlds. This paper presents perspectives
on a metamodel-based transformation approach for Business Process Modeling and Notation
(BPMN) models extended with Business Process Simulation Interchange Standard (BPSIM)
into Discrete Event System Specification (DEVS) simulation models with an emphasis on
resource allocation.
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1. INTRODUCTION

Business processes (BPs) are essential to the daily activi-
ties of a company. They are applied and executed at three
distinct levels throughout a large variety of sectors. At
the descriptive level so that information can be shared
and exploited, at the executable level so that BPs can be
coordinated and automated, and at the analytical level
to improve performance (OMG, 2013). BPs may be mod-
eled using the Business Process Modeling and Notation
(BPMN) standard which is in demand and very utilized in
the corporate sector (Pasha and Pasha, 2013). It is typical
practice for business users or developers to build BPMN
processes using standalone apps that enable stakehold-
ers to translate their knowledge into conceptual models
that are independent of development, implementation, and
environments. Modeling and Simulation (M&S) method-
ologies promote the development of simulation models
based on conceptual models. However, this is not a current
practice in most business process improvement projects,
mainly because this practice necessitates the involvement
of business stakeholders in the discrete event simulations
while business stakeholders’ may lack technical simulation
skills. Complex system design can be enhanced with the
use of models. Numerous significant industries utilize the
Model-Driven Engineering (MDE) methodology to design
complicated systems. It has demonstrated its efficacy in
various business sectors, including aerospace, automobile,
and telecommunications, among others (Whittle et al.,

2014). The focus of this study is the Object Management
Group (OMG) standard BPMN, which offers a standard
notation for collaboration between business users, ana-
lysts, and implementers (OMG, 2013). BPMN is highly
expressive, widely used, and may be utilized for the process
design in a model-driven simulation engineering approach.
Moreover, BPMN was not originally designed for simu-
lation purposes, therefore a BPMN model is considered
a high-level model that is used to make a process under-
standable and shareable. The Business Process Simulation
Interchange standard (BPSIM), on the other hand, is a
standardized specification that allows the enrichment of
business models with scenario aspects having an impact
on how operations are carried out. (WFMC, 2016). BPSIM
aims to extend BPMN by detailing pertinent parameters
and logic essential to the simulation model. In this study,
we will examine BPMN extension with BPSIM Resource
parameters. BPSIM resource parameters allow analysts
to allocate resources explicitly which is not handled by
BPMN, and which directly affects the simulation model.
Once the model is extended with simulation parameters,
mapping rules will be applied in order to transform it into
a low-level simulation model using Discrete Event System
Specification (DEVS) which allows the simulation of all
types of processes independently from their application
domain (Zeigler et al., 2011). This study suggests im-
proving M&S activities with model-driven development
approaches, techniques, and tools. The structure of the
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to allocate resources explicitly which is not handled by
BPMN, and which directly affects the simulation model.
Once the model is extended with simulation parameters,
mapping rules will be applied in order to transform it into
a low-level simulation model using Discrete Event System
Specification (DEVS) which allows the simulation of all
types of processes independently from their application
domain (Zeigler et al., 2011). This study suggests im-
proving M&S activities with model-driven development
approaches, techniques, and tools. The structure of the
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1. INTRODUCTION

Business processes (BPs) are essential to the daily activi-
ties of a company. They are applied and executed at three
distinct levels throughout a large variety of sectors. At
the descriptive level so that information can be shared
and exploited, at the executable level so that BPs can be
coordinated and automated, and at the analytical level
to improve performance (OMG, 2013). BPs may be mod-
eled using the Business Process Modeling and Notation
(BPMN) standard which is in demand and very utilized in
the corporate sector (Pasha and Pasha, 2013). It is typical
practice for business users or developers to build BPMN
processes using standalone apps that enable stakehold-
ers to translate their knowledge into conceptual models
that are independent of development, implementation, and
environments. Modeling and Simulation (M&S) method-
ologies promote the development of simulation models
based on conceptual models. However, this is not a current
practice in most business process improvement projects,
mainly because this practice necessitates the involvement
of business stakeholders in the discrete event simulations
while business stakeholders’ may lack technical simulation
skills. Complex system design can be enhanced with the
use of models. Numerous significant industries utilize the
Model-Driven Engineering (MDE) methodology to design
complicated systems. It has demonstrated its efficacy in
various business sectors, including aerospace, automobile,
and telecommunications, among others (Whittle et al.,

2014). The focus of this study is the Object Management
Group (OMG) standard BPMN, which offers a standard
notation for collaboration between business users, ana-
lysts, and implementers (OMG, 2013). BPMN is highly
expressive, widely used, and may be utilized for the process
design in a model-driven simulation engineering approach.
Moreover, BPMN was not originally designed for simu-
lation purposes, therefore a BPMN model is considered
a high-level model that is used to make a process under-
standable and shareable. The Business Process Simulation
Interchange standard (BPSIM), on the other hand, is a
standardized specification that allows the enrichment of
business models with scenario aspects having an impact
on how operations are carried out. (WFMC, 2016). BPSIM
aims to extend BPMN by detailing pertinent parameters
and logic essential to the simulation model. In this study,
we will examine BPMN extension with BPSIM Resource
parameters. BPSIM resource parameters allow analysts
to allocate resources explicitly which is not handled by
BPMN, and which directly affects the simulation model.
Once the model is extended with simulation parameters,
mapping rules will be applied in order to transform it into
a low-level simulation model using Discrete Event System
Specification (DEVS) which allows the simulation of all
types of processes independently from their application
domain (Zeigler et al., 2011). This study suggests im-
proving M&S activities with model-driven development
approaches, techniques, and tools. The structure of the

paper is as follows: after this brief introduction, the state
of the art on business process modeling and simulation is
presented in section 2. The transformation methodology is
described in section 3. Section 4 concludes the paper and
opens the outline.

2. STATE OF THE ART

2.1 Background

Conceptual modeling is defined as the process of abstract-
ing a real-world problem or system (Robinson, 2010). The
main purpose of conceptual modeling is to adequately
represent a part of the real-world problem domain that will
be the subject of a simulation study so that all possible
research questions in this area can be investigated by
first deriving appropriate simulation design models from
the conceptual simulation model and then putting these
design models into practice using one or more simulation
platforms. Discrete event Simulation (DES) deals with the
simulation of real-world systems and hence the use of con-
ceptual modeling is necessary to represent discrete events
in a comprehensible way. Standardizing business processes
makes them easier to understand and maintain (Mens and
Gorp, 2006). The capacity to interpret and orchestrate
process models is provided by a variety of business process
management tools that combine graphical notation and
software, but the simulation capabilities of these technolo-
gies are currently quite limited (Pufahl et al., 2018). A
few free and open-source business process management
software are available for use by corporate stakeholders in
the creation of business processes. Model simulation may
be made possible by these technologies, but the modeling
and simulation components have not yet been sufficiently
integrated. For instance, it may be necessary to extend
the model to include simulation elements (scenario param-
eters, resources, time, etc.). Only those who are qualified
with simulation notions can use simulation because of the
ongoing separation of these two worlds. The simulation of
a BP model requires 2 steps: Enrichment with simulation
parameters and transformation into a low-level simulation
model. Once simulated, analysts would review the results
of interest and improve the process. (Wagner, 2014).

2.2 BPMN enrichment

BP modeling aims to analyze the model at design time
to identify bottlenecks and inconsistencies, as well as the
performance of the process in terms of potential costs,
resource requirements, locating and eliminating unproduc-
tive process areas, and presenting market shifts prior to
their implementation. Therefore, to be able to represent
a company’s value chains and business operations using
BPMN, a model extension is required. The model exten-
sion approach adds domain-specific concepts to the model
for specific objectives. The Object Management Group
identifies the BPMN metamodel’s extensibility as one of
its primary distinguishing features (OMG, 2013). If an
extension’s primary aim is to describe a domain, it is said
to have a descriptive purpose. If the primary objective is
to assist in the analysis of current BPMN models, then
it is categorized as analytical. BPMN extensions may also
be used in the purpose of assisting in the execution of

the process. BPMN extension has been utilized in various
contexts:

• Temporal perspective (Gagne and Trudel, 2009)
• Interoperability (Mallek et al., 2012)
• Resource performance (Lodhi et al., 2011) (Boccia-
relli and D’Ambrogio, 2011)

• Risk management (Marcinkowski and Kuciapski,
2012)

• Key performance indicators (Friedenstab et al., 2012)
• Resource definition (Stroppi et al., 2015)
• Resource allocation constraints (Awad et al., 2009)
• Temporal constraints (Cheikhrouhou et al., 2013)
(Pichler et al., 2017)

2.3 BPMN transformation

Model driven engineering (MDE) is a method of software
engineering that promotes the development of models at
various levels of abstraction, shifting the focus from pro-
grams to models at the level of development. Two of the
fundamental tenets of MDE are model use, which empha-
sizes the notions of meta-model and compliance (Mens
and Gorp, 2006) and model transformation, which covers
the concepts of mappings and transformation rules. The
last two decades have seen a lot of academics concentrate
on the transformation of complex models into simulation
models such as the Discrete Event System Specification
(DEVS) formalism which has been the focus of many
researchers. Based on a solid mathematical foundation
Zeigler et al. (2011), DEVS is modular and hierarchical
which makes it possible to build models that may be cou-
pled to one another and to simulate them. Unlike BPMN
which has one specific metamodel (OMG, 2013), DEVS
does not have a standardized specific representation. Nu-
merous DEVS metamodels were designed when moving
from the theoretical model into a practical implementation
necessary to replicate a DEVS model. Many applications
were created for the purpose of simulating DEVS such
as ADEVS, CD++, VLE, Python PDEVS, DEVS-Suite
and others. Nevertheless, other DEVS metamodels were
developed introducing different concepts that were found
to be important such as metadata information(St-Aubin
and Wainer, 2022). In MDE, both the source models and
the destination models have to conform with their respec-
tive metamodels (Bézivin and Briot, 2004). Researchers
presented a set of rules for transforming a conceptual
source model (BPMN) into a simulation model (DEVS)
for the purpose of providing a model-driven development
framework for M&S. The BPMN elements differ from one
another in terms of behavior and functionality. As a result,
they may be termed black boxes; additionally, DEVS’
behavior is transparent and hence regarded as a white
box. Before they can be simulated in DEVS, the compo-
nents of a BPMN flow must be mapped to their proper
DEVS representation. The initial mapping concepts were
introduced in (Cetinkaya et al., 2011) and were later ex-
panded to encompass other domains, such as additional
BPMN task categories (Bazoun and al., 2014) and the
concept of resource allocation and failure (D’Ambrogio
and Zacharewicz, 2016). These attempts, however, only
incorporate a small number of BPMN concepts. Several
critical components, such as message flows, interrupting
events, and intermediate events, are still missing. In addi-
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paper is as follows: after this brief introduction, the state
of the art on business process modeling and simulation is
presented in section 2. The transformation methodology is
described in section 3. Section 4 concludes the paper and
opens the outline.
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eters, resources, time, etc.). Only those who are qualified
with simulation notions can use simulation because of the
ongoing separation of these two worlds. The simulation of
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for specific objectives. The Object Management Group
identifies the BPMN metamodel’s extensibility as one of
its primary distinguishing features (OMG, 2013). If an
extension’s primary aim is to describe a domain, it is said
to have a descriptive purpose. If the primary objective is
to assist in the analysis of current BPMN models, then
it is categorized as analytical. BPMN extensions may also
be used in the purpose of assisting in the execution of
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(Pichler et al., 2017)

2.3 BPMN transformation

Model driven engineering (MDE) is a method of software
engineering that promotes the development of models at
various levels of abstraction, shifting the focus from pro-
grams to models at the level of development. Two of the
fundamental tenets of MDE are model use, which empha-
sizes the notions of meta-model and compliance (Mens
and Gorp, 2006) and model transformation, which covers
the concepts of mappings and transformation rules. The
last two decades have seen a lot of academics concentrate
on the transformation of complex models into simulation
models such as the Discrete Event System Specification
(DEVS) formalism which has been the focus of many
researchers. Based on a solid mathematical foundation
Zeigler et al. (2011), DEVS is modular and hierarchical
which makes it possible to build models that may be cou-
pled to one another and to simulate them. Unlike BPMN
which has one specific metamodel (OMG, 2013), DEVS
does not have a standardized specific representation. Nu-
merous DEVS metamodels were designed when moving
from the theoretical model into a practical implementation
necessary to replicate a DEVS model. Many applications
were created for the purpose of simulating DEVS such
as ADEVS, CD++, VLE, Python PDEVS, DEVS-Suite
and others. Nevertheless, other DEVS metamodels were
developed introducing different concepts that were found
to be important such as metadata information(St-Aubin
and Wainer, 2022). In MDE, both the source models and
the destination models have to conform with their respec-
tive metamodels (Bézivin and Briot, 2004). Researchers
presented a set of rules for transforming a conceptual
source model (BPMN) into a simulation model (DEVS)
for the purpose of providing a model-driven development
framework for M&S. The BPMN elements differ from one
another in terms of behavior and functionality. As a result,
they may be termed black boxes; additionally, DEVS’
behavior is transparent and hence regarded as a white
box. Before they can be simulated in DEVS, the compo-
nents of a BPMN flow must be mapped to their proper
DEVS representation. The initial mapping concepts were
introduced in (Cetinkaya et al., 2011) and were later ex-
panded to encompass other domains, such as additional
BPMN task categories (Bazoun and al., 2014) and the
concept of resource allocation and failure (D’Ambrogio
and Zacharewicz, 2016). These attempts, however, only
incorporate a small number of BPMN concepts. Several
critical components, such as message flows, interrupting
events, and intermediate events, are still missing. In addi-
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tion to the conversion of BPMN to DEVS, many scholars
also looked at the conversion to alternative discrete event
simulation models, such as Petri nets (Mutarraf and al.,
2018), however DEVS was selected as it covers properly
the temporal dimension (Zeigler et al., 2011). Along with
a larger framework for modeling and simulation systems,
DEVS also provides a formal specification of the simula-
tor(Zacharewicz and Hamri, 2007).

3. METHODOLOGY

BPMN was initially developed to express BPs without
addressing simulation. Our objective is to extend BPMN
processes with the necessary simulation parameters to
be able to simulate them. The Workflow Management
Coalition (WFMC) has established a standard that is
called BPSIM (Business Process Simulation Interchange
standard). This standard defines how to parameterize BP
models from multiple views to enable process simulation,
analysis, and optimization (WFMC, 2016). As shown in
Fig. 1 and based on the MDE principles, our objective is to
transform BPMN models which are extended with BPSIM
into DEVS models that can be operated or simulated to
identify issues and improve the business processes. The
extended BPMN model (BPMN+BPSIM) is consequently
transformed into a corresponding DEVS model according
to a predetermined set of mapping and transformation
rules. The transformation mapping also takes into account
DEVS models that we have already developed in DEVS-
Suite. We, therefore, propose to provide process modeling
tools for two profiles of users as shown in Fig. 5: a
business modeler whose responsibility is the modeling and
enrichment of the process and an Advanced M&S Expert
whose job is to manage the DEVS bank and the library
of the mapping rules of BPMN+BPSIM to DEVS. The
business modeler will also be reviewing the end results of
the simulation in order to make changes to the business
process when necessary. In our methodology, we consider
that the DEVS bank contains models that are already
implemented in DEVS-Suite and therefore these models
may be used as part of a mapping rule. For instance,
the basic resource model designed in (Zacharewicz et al.,
2008) and the resource with behavior model represented in
(D’Ambrogio and Zacharewicz, 2016) have been developed
in DEVS-Suite and are considered as part of our initial
load of the DEVS models Bank.

3.1 Resource allocation in BPSIM

Resource allocation has a great impact on tasks. In this
study, we focus on the extension of BPMN using BPSIM’s
resource parameters. Given that the resource perspective
in BPMN is limited, a process modeler usually represents
a resource with a swimlane to determine which resource is
responsible for the activity. Moreover, this technique does
not indicate whether the needed resource is available at the
time the activity is scheduled to be executed or which re-
source should be assigned when several relevant resources
are available (Goel and Lin, 2021). BPSIM standard allows
us to parameterize resource allocation in BPMN as it
recognizes resource parameters and describes their crite-
ria in terms of availability, quantity, selection, and roles.
Expression parameters may also be parameterized at the

Fig. 1. Extension and Transformation
architecture (El Kassis et al., 2022)

resource level in the form of explicit values, operators,
and functions allowing runtime computations of values.
The following BPSIM predefined functions are used in
order to allocate resources based on resource role, name
and quantities which are defined at the BPSIM resource
level (WFMC, 2016). With these functions, we are able
to identify 4 allocation patterns (Russell et al., 2005) that
may be implemented as described in Table 1.

Table 1. Allocation patterns for BPSIM
Allocation type BPSIM method

Direct Allocation bpsim:getResource(name, qty)
Role-Based Allocation bpsim:getResourceByRoles

([role,...],qty)
Deferred Allocation bpsim:getResource(bpsim:

getProperty(name), qty)
Escalation bpsim:orResource([resources,...])

• The Direct Allocation is used whenever a resource is
allocated to a defined task

• The Role-Based Allocation is used when the selection
of the resources is based on a defined role

• The Deferred Allocation is used when the allocation
of the resource is dynamic and where the selected
resource is defined at simulation time

• Allocation by Escalation is used whenever a task may
use a set of alternative resources

3.2 Transformation to DEVS

We intend to simulate the resulting BPMN+BPSIM model
with DEVS-Suite simulator, therefore the enriched pro-
cess model must be transformed into JAVA classes and
methods. The extended model resulting from the enrich-
ment of BPMN with BPSIM will be transformed into a
DEVS coupled model. Both the source and destination
metamodels are needed for this transformation, as well as
a language for defining the transformation rules. Separate
metamodels for BPMN and BPSIM are defined in the
BPMN 2.0 OMG standard (OMG, 2013) and the BPSIM
2.0 WFMC specification (WFMC, 2016). First, we need
to combine the BPMN and BPSIM metamodels to create

a new BPMN+BPSIM metamodel. A specific language
must be established to implement the transformation rules
between the source and target models. The definition and
execution of transformation rules would be validated by
test cases. Extensible Stylesheet Language Transformation
(XSLT) and Atlas Transformation Language (ATL) were
two of the transformation languages that were suggested
for the model to model transformation from BPMN to
DEVS (Cetinkaya et al., 2011) (Bazoun and al., 2014). In
this paper, we have chosen to express the transformation
rules using XSLT. Once a BPMN model is enriched with
BPSIM parameters, the resulting XMI file is converted
to XML using XSLT, and then the XML is processed in
JAVA where it undergoes several iterations that aim to
compare the XML with a defined mapping library. The
DEVS models will then be created accordingly as JAVA
code in order to be imported later on under DEVS-Suite
simulator where they may be visualized and simulated. All
new DEVS models are added to the DEVS models bank
and may be used later on when adding new mappings. The
generation and import of the JAVA classes into DEVS-
Suite was also proposed in (Alshareef and Zeigler, 2020)
as part of a transformation from Activity Diagram to
DEVS, however, a user intervention was required to add
simulation parameters, which in our case should be param-
eterized in the first stage using BPSIM which strives to
extend the model with different aspects such as resources
and time. Our objective is to provide a library of mapping
for BPMN+BPSIM source and DEVS destination.

Table 2. Mappings to DEVS

BPMN+BPSIM DEVS

BPMN Task with Time Atomic DEVS model
parameter (Duration reflected

in time advance function)

Resource Parameter with Atomic DEVS representing
Selection attribute on one basic resource extracted
resource from the DEVS bank

BPMN task + Resource Atomic DEVS of the task
Parameter with Selection coupled with that of the
attribute on one resource Resource

Resource Broker coupled
bpsim:orResource with the list of resources
bpsim:getResourceByRoles resulting from the

resource expression

BPMN task The task is transformed
+Resource Parameter with to atomic DEVS
Selection attribute set as model coupled with
either bpsim:orResource the resulting DEVS
or bpsim:getResourceByRoles of the bpsim:orResource

Based on Table 1, we could identify the necessity to
create a resource allocator (broker) in DEVS to manage
the resource allocation. The broker will be responsible of
the related group of resources that are either gathered
under same BPSIM Role or linked statically inside a
bpsim:orResource. A DEVS broker is to be implemented
in DEVS-suite and hence it becomes part of the DEVS
models bank. Using MDE and pattern analysis, we will be
able to identify DEVS model to be coupled with the task in
question which is either of type resource or a broker. As a
rule, we initially start by analyzing the resources and then

Fig. 2. BPMN Task Annotated with BPISM Resource and
time

we create the brokers and their corresponding couplings.
Table 2 shows the related mappings.

Fig. 3. BPMN Task Extended with Resource and time

Following the seize-release mechanism, the model of the
task may be transformed in a BPMN only manner as
illustrated in Fig. 3 by explicating the seize and release
of the resource.

Fig. 4. Coupled DEVS model corresponding to Fig. 2
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a new BPMN+BPSIM metamodel. A specific language
must be established to implement the transformation rules
between the source and target models. The definition and
execution of transformation rules would be validated by
test cases. Extensible Stylesheet Language Transformation
(XSLT) and Atlas Transformation Language (ATL) were
two of the transformation languages that were suggested
for the model to model transformation from BPMN to
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BPSIM parameters, the resulting XMI file is converted
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rule, we initially start by analyzing the resources and then
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of the resource.
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Fig. 5. Application flow

The resource parameters that are linked to a task affect
the behavior their corresponding representation in DEVS.
We will consider that the resources are managed follow-
ing a seize-release mechanism. Fig. 2 illustrates a simple
BPMN flow consisting of a start and an end event and a
basic BPMN task TaskT. BPSIM extends this process by
first creating a new element parameter with a reference
RessourceR and a quantity. The resource is considered
global however the allocation of this request to task is es-
tablished using the Resource Parameter selection element.
We differentiate in this example 3 main elements: the task,
the resource, and the resource to task allocation.

The explicit BPMN group in 3 is to be represented by
its equivalent DEVS atomic model which translates the
seize and release tasks into states and where the time is
handled with DEVS’ time advance function. We interpret
the seize and release tasks as subprocesses, horeover, more
detailed models are implemented in (Goel and Lin, 2021)
which elaborates more on the behavior of the seize and
release. Fig. 4 illustrates the DEVS target model that
was produced following the transformation of the explicit
BPMN model. The target model consists of 4 atomic
DEVS. The Start and End DEVS models which represent
the Start Event and End Event of BPMN. The Resource
and Task DEVS models are reusing atomic models defined
in (D’Ambrogio and Zacharewicz, 2016). These models
have been simulated and integrated in more complex
models. The use of resource brokers is not presented in
this paper but is under study to be integrated in the
platform. As well BPMN XOR and AND gateways have
been developed in the DEVS models bank.

4. CONCLUSION AND FUTURE WORKS

This article describes a model-driven approach for building
DEVS-based simulation models from BPMN models that
have been extended using BPSIM with concentration on
BPSIM resource parameters. Business analysts are given
the ability to specify the optimal distribution of task re-

sources using BPSIM. The extended model is then utilized
as an input for a model transformation, which eventually
leads to the development of the matching DEVS model as
an output. Once the target DEVS model is produced, a
DEVS simulator, such as DEVS-Suite, is used for simu-
lation. Mappings of BPMN and BPSIM components to
DEVS atomic models were presented. The logic of the
process control flow is applied to the coupling of these
DEVS atomic models so that the final DEVS coupled
model may be created. This study reviewed the literature
on BPMN and business model simulation. Even though it
shows that simulation tools exist, most BPMN-compatible
business processes simulation programs are proprietary
(black boxes). For future work, our objective is to offer a
free, open-source web platform for business process mod-
eling and simulation using BPMN for modeling and DEVS
for simulation with the addition of BPSIM standards for
distributed simulations. The BPSIM simulation standard
will be added to BPMN, and DEVS will be utilized for op-
erational simulation. The definition of a BPMN + BPSIM
metamodel, the definition of a general DEVS metamodel,
and the expression of transformation rules from (BPMN
+ BPSIM) to DEVS are the three main focuses of our
work. The platform that results from this is meant to
be open source (white box), incremental, and easy to
customize so that the community can contribute to future
developments.
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