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Abstract

Service identification plays a key role in the design of service-oriented
systems. There are non-model-based and model-based methods for extracting
services from business processes. These methods suggest a set of mostly
descriptive solutions that do not pay sufficient attention to service design
guidelines and the conceptual relations between tasks. The challenge is
to develop an algorithm to automatically identify services from business
processes to simplify the analysis and reduce the gap between information
technology and business needs. In this paper, we develop a semi-automated
service identification method that addresses this gap. This method incorpo-
rates the Goal, Data, and Business Process Models (BPM) to identify services
based on related tasks, shared data, and business requirements. It advances
previous methods by simultaneously considering both semantic and structural
relations between tasks which permits better and more accurate identification

Journal of Web Engineering, Vol. 21 3, 569–608.
doi: 10.13052/jwe1540-9589.2131
© 2022 River Publishers



570 S. Hekmat et al.

of services. Moreover, the proposed method considers the principles of ser-
vice design such as internal cohesion of service methods, loose coupling of
services, and reusability of the identified services.

Keywords: Business process model, model-driven method, service identifi-
cation, software engineering.

1 Introduction

In recent years several methodologies for developing service-oriented sys-
tems from business models have been introduced [1–3]. These method-
ologies, which comprise model-driven and non-model-driven approaches,
underlie various mechanisms for identifying services and are different con-
cerning their identification strategies, techniques, inputs, and outputs [4, 5].
The primary focus of non-model-driven methodologies is on the Information
Technology (IT) aspect of Service Oriented Architecture (SOA). They suffer
from complexity due to a lack of using models in a different phase of the
software development process. For example, it is difficult to find certain struc-
tural or conceptual relations between business tasks, when most activities
in these methodologies are descriptive and depend on different analyzers’
decisions. They also have other shortcomings. First, these methodologies
do not offer a clear strategy for extracting IT technical components from
BPM models [6]. Second, they pay little attention to the business modeling
phase, and thus, their extracted services do not fully encapsulate business
requirements. Third, they adopt a non-automative approach that takes manual
analytical steps to identify services [7]. All these shortcomings lead to hardly
achieving reuse ability, high cohesion and loose coupling between methods
of identified services. To further improve these methods, the model-driven
approach was introduced [3, 8, 9]. This approach benefits from Model Driven
Architecture (MDA) and uses models in different software development
phases; applying models in the software development process decreases the
complexity. One of the reasons is that it increases abstraction. In addition,
by Converting models to each other during the software developing phases,
the implementation phase would be easier. Despite having benefits, however,
using this approach is also associated with some challenges. For instance,
these methods were criticized for paying insufficient attention to business
activities, entities, shared resources, and relationships between tasks in ser-
vice identification that play a pivotal role in software services [3, 8, 9].
Additionally, the lack of sufficient automation of such methods to identify
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the relationship between services’ method and their primary focus on the
development of service-oriented systems through manual and descriptive-
analytical techniques results in a heavy reliance on the experience of business
analysts [10]. Moreover, although using models in this approach causes
paying more attention to the service design principles in some areas such
as reuse ability, it still is not enough [2, 11]. These models have also been
criticized for not adequately considering semantic relations between tasks.
Recently, a few automated and semi-automated methods have been developed
to overcome these problems. However, given that highly automated services
cannot accommodate capture all the details of business processes and ser-
vice design principles, these solutions did not ideally resolve the problems
[8, 12, 13].

One solution to tackle the abovementioned challenges has been to adopt
the Business Process Modeling Notion (BPMN) as a universal modeling
language. Accordingly, identification of activities with some similarities such
as having common goals and grouping them in a service category by decom-
posing processes was suggested [11, 14–18]. Considering the instrumentality
of this approach in identifying services, we followed and extended it to other
analogous cases.

The purpose of this paper is to provide a semi-automated method for ser-
vice identification in service-oriented systems. Considering software business
services instead of business services alone, attention to the criterion of reuse,
high cohesion and loose coupling features of identified services; also, the
simultaneous use of goals, entities and business processes to identify struc-
tural and conceptual relations between tasks which leads to better identifying
services. All of these, are the advantages of our proposed method over similar
methods. Thus, in a real study, we express this fact.

We have developed a semi-automated method that considers the relations
between tasks and resource sharing criteria, such as data, as a basis for detect-
ing services. Here, semi-automated means that most part of the identification
process is done automatically by applying proposed algorithms. Therefore,
needs for expert intervention and the descriptive solution is decreased. In
addition to structural relations, our method identifies semantic relationships
between tasks and between tasks and entities. Although there are many
definitions for a semantic relationship, we consider it as follows in this paper.
Two tasks are semantically related when both address a common goal. Tasks
can also be semantically related when they have access to a common entity.

In our method, we assume that there is no software system in the orga-
nization or, at least, it is not used to identify services. This assumption is
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inspired by the top-down view that according to [36], it is a typical approach
in service identification. Following the approach, tasks and related business
processes have a crucial role in identifying services. Therefore, we need
to better understanding them. To do this, first, the As-Is model is used for
understanding the processes and related tasks; Then, the To-Be model is used
for identifying potential tasks for software services.

The remaining parts of this paper are organized as follows: Section 2
provides a literature review. In Section 3 the proposed method is described
in two phases. In the succeeding section, we compare our method with state-
of-the-art service identification baselines based on the criteria introduced by
some previous studies [19, 20]. We close the article with a brief conclusion.

2 Related Works

Our review of the business process-based approaches that employ BPMN
to service identification reveals that despite having significant advantages,
there are some challenges to be overcome [10, 21, 22]. In some of these
methods, BPMN models are decomposed to separate tasks. These tasks
are categorized in different clusters by applying clustering techniques and
each cluster introduced as a service [10]. Although loose coupling and high
cohesion between tasks as structural relations are considered, ignoring other
tasks dependencies such as semantic relations can be challenging. In addition,
services are identified from As-Is model instead of To-Be model. Applying
heuristic algorithms on BPMN model is another approach to service iden-
tification [21]. This method identify services base on semantics analysis of
the business rules, requirements and syntax analysis of the processes [21].
This approach is not automated and does not provide detailed information
about the heuristics and identified services [21]. The approach presented
in [21] is further improved in [22]. However, even the improved version
does not pay enough attention to the role of data and requirements in
service identification. Moreover, the lack of granularity and automation is
considerable.

In references [23, 24], conversion rules are applied to map BPMN’s
decomposed tasks to legacy source code to identify services. In these meth-
ods, some mapping rules are created for automatic service identification.
However, there is insufficient attention to service design principles such
as loose coupling and high cohesion [25]. Furthermore, structural relations
between tasks have been prioritized over semantic relations.
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In model-based and business process-based approaches, our review
showed some challenges too. For example, Minerva [11] is a model-based
and service-oriented framework that uses an analytical and semi-automatic
approach to identify services as collaborative tasks in BPMN models. In
this method, each process is divided into sub-processes and the services are
extracted analytically and manually from these sub-processes. This method
was extended by [2] who suggested a set of conversion rules that transform
the BPMN language meta-model into Service Oriented Architecture Mod-
eling Language (SoaML). This model, however, suffers from the lack of
consideration of the relationships between tasks, between tasks and goals
and insufficient attention to resource sharing among the tasks. Similar to [2],
authors in [26] developed a method that accomplishes the same task through
a different set of rules. This method advances a part of the Minerva frame-
work. In [3], a model-driven methodology is proposed that takes a different
approach. This methodology follows the principles of OMG (MDA) mod-
eling architecture and equates the business model to the CIM level. It also
equates to the service-oriented architecture model and the PIM level. In this
approach, service-oriented architecture is described from three perspectives:
service view, information view, and process view. To map the business model
to the service model architecture, it defines a meta-model which includes
a set of conversion rules. The disadvantages of this method developing a
service-oriented system from business models are just employing conversion
rules and not taking into account the semantic relation between tasks, the
shared resource and the principle of service design. In addition to the methods
mentioned above, there are some semi-automated and automated approaches
to identify services related to our research domain. For example, the spanning
tree calculates the relation between tasks and determined service elements.
However, as the greedy algorithm is used to service identification, the result
may not be optimal [12]. ASIM is another way to identify services that use
entities to extract a service model from the business model. Lack of consid-
ering other dependencies between tasks such as goals and shared resources
and semantic relations is the problem [8]. Also, in [27], a semi-automated
method is introduced for service identification. This method is based on data
flow between tasks and does not attend to task connections.

Our review of the literature reveals that activities, interactions and com-
mon goals between them in BPMN models can be an important criterion
for identifying services that have not been considered enough yet. Moreover,
there has been insufficient attention to the semantic relation between activities
through shared resources like data. Besides, some of the approaches present
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general mapping rules to convert BPMN models to service-oriented based
models while identifying services requires more processing on business
model components to achieve service-oriented principles such as high cohe-
sion between tasks of a service, loose coupling between the tasks of different
services as well as the reusability of services in different processes.

In sum, it is evident that none of the previously developed methods
has simultaneously considered goals, business processes and business data
in identifying services despite their importance. Furthermore, since these
methods, services are identified only by using conversion rules, structural
relations between tasks have been prioritized over semantic relations [23–25].
We, therefore, need a more comprehensive solution to address these gaps
which is what we offer in the remainder of this paper.

3 The Proposed Method

In order to solve the challenges were mentioned in the previous section, we
present our semi-automated method which includes two phases of business
modeling and service identification. Following the model-based structure, in
each of the two phases, we introduce some models of business and service
types.

The business type includes models that capture business requirements
without taking into account the software and system needs. This category
includes three models of business goals, business data, and the existing
business processes (As-Is).

The service-type models complement the business-type models by captur-
ing the requirements and the architecture of the software system. They, how-
ever, do not consider the implementation details. The category of service-type
models in this method includes two models: the To-Be business processes,
software requirements. Table 1 illustrates the two phases of our method, their
inputs, and outputs.

In addition, we identify services by considering data, business and goals
view synchronously. To make a connection between these different views,
three task-task communication matrices are introduced as a common lan-
guage. The first one indicates the relation between tasks base on their effect
on common data. Using this matrix helps to figure out the conceptual rela-
tionship between tasks. This, partially solves the related challenges about
not paying enough attention to sematic and conceptual relations between
tasks. The second, presents the structural relationship between tasks in the
business model. By considering this matrix the challenge of insufficient
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Table 1 The general scheme of the proposed method

Phase Inputs Outputs

AS-IS model

Business Modeling Business goals

Business data

Identify Services AS-IS model To-Be model

Business goals Software Requirement

Business data Software Services (base on software requirement)

attention to structural relation between tasks is overcome. Finally, the sum
of these matrices will be used to identify services and shows the rate of
relation and cohesion between tasks which includes different aspect of service
identification strategies. Here, cohesion means when tasks are related to each
other by addressed same goals or access to the same data.

4 Phase One: Business Modeling

In the business modeling phase, we draw on three models: goal, As-is
business and data, which are explained below. To better understanding of
these models, let’s consider the Judicial System as a case study. Since the
duty of most service-oriented applications is to facilitate inter-organizational
interactions, the case study should include the interactions of different orga-
nizations and departments. Various organizations are also involved in the
judicial system, including the court, the prosecutor’s office, the registration
of documents, the intelligence, the police, and the prison.

The goal is to identify services in the organization by considering the
top-down approach [35]; which means that no software system exists in the
organization and all works are done by staff. So, we should develop a service-
oriented mechanized system to cover the activities. The duty of this system is
to investigate criminal and legal complaints and in this study, only “criminal
complaint review” processes are used as an example of motivation. Activities
in this process take place and divide into two parts. First, prosecutors’
office which contains determine dictum and preliminary research work flows.
Second, the court which supports issue verdict workflow. It is necessary
to mention that issuing a verdict is done in court considering the result of
preliminary research and determining the dictum from the prosecutor’s office
workflows.

Adopting these models needs to follow a specific sequence.



576 S. Hekmat et al.

Figure 1 Judicial system’s goal model.

4.1 Creating a Business Goal Model

The function of each organization is typically guided by the goals of that
organization. In the Goal model, the objectives of the organization are demon-
strated on a multi-level chart with the highest level including major and broad
goals and the lowest level presenting detailed business requirements [28–30].

To create this model, we employ the requirements chart in the Visual
Paradigm tool. Developing the goal model can be achieved through different
methods. What matters to us here are the result and not the method; There-
fore, we chose the simplest method which is introduced in [30] and provides
us with the outcome. Accordingly, goals divided to subs goals from highest
level to the lowest level by using AND or OR relations. Finally, at the lowest
level, operational requirements are determined [30].

We use the goal model for three purposes. First, it helps to refine business
processes in the identification step. Second, by shedding light on the goals
and objectives, it facilitates the identification of tasks that are in alignment
with each goal. These tasks constitute services that we intend to identify
automatically.

4.2 Modeling Existing Business Processes (As-Is)

To construct the AS-is model of business processes, roles and tasks should
be determined. The organizations’ internal roles which are depicted by lanes
in the BPMN chart, can be extracted from the organizational chart. The Text
chart provides information that assists with the identification of BPMN pools.
Whereas for determining the internal tasks the operational chart is used.
The text chart is applied for extracting data flows between organizations.
These data flows include exchange messages between organizations which
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Figure 2 The As-Is model for the preliminary investigation process for a criminal case.

are illustrated by messages exchanged between pools in the BPMN diagram.
The As-Is diagram for two processes of “preliminary investigation process for
a criminal case” and “issue verdict process for a criminal case” are depicted
in Figures 2 and 3. and provided by the expert organization analyzer.
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Figure 3 The As-Is model for issue verdict process for a criminal case.

4.3 Modeling Business Data

Following a single data structure is one of the most important prerequisites for
the cooperation of services. This enables providers and users to have a com-
mon understanding of the information that they want to process and exchange
data more easily. Therefore, in this step, a business data model is employed
to provide a data structure that can be used in all phases of service-oriented
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Figure 4 The “judicial system” business data model.

application development. The main components of this model are entities.
An entity is a construct that encapsulates a set of attributes and operations
that revolve around a key concept. The operations are divided into four types:
Create, Read, Update, and Delete data (CRUD).

To define entities and their relationships class diagram is used which
provides a high-level view of available information [31]. The data model of
the Judicial System is shown in Figure 4. Furthermore, to support the CRUD
operations of these business entities, entity services will be defined in the
service identification phase.

5 Second Phase: Identification of Services

A combination of the goal, To-Be business process, and business data model
are used to identify the service [32]. This work aims to extract both con-
ceptual and structural relations between tasks to determine more accurate
services. In our work, we consider semantic relations from this point of
view: Two tasks are semantically related when both address a common goal;
Also, when they access a common entity, we consider a conceptual relation
between them. Increasing the degree of cohesion among the methods of each
service and loose coupling connection between different services are the other
purpose of our work.

The service identification phase is completed in eleven steps as follows.
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Figure 5 Software requirement model for judicial system.

5.1 Extracting Software Requirements

In this step, the software requirements are derived from the last level of
the extended business goal model which was created in the business mod-
eling phase. These requirements constitute a sub-model which we label as a
requirement model. This sub-model, which is applied in the judicial system is
depicted in Figure 5, will be used in future steps to identify candidate services
and assures the coverage of the business requirements.

5.2 Modification of the As-Is model by Considering the Software
System

The As-Is model deals with the current state of the business process without
considering any software systems. Thus, to identify software services instead
of business services, refining the business process model and creating the
To-Be model is required. When a process wants to be run by a system, some
tasks may be removed or replaced by systematic tasks. In addition, depending
on the analyzer’s decision, some control can be removed, or new system
alternative tasks can be added, etc. Moreover, in revising the As-is model,
every task that does not address any need and all send and receive that do
not add value to the business process due to the process automation in the
software system will be omitted [33].

In this step, by following best practices in transforming the As-is to To-Be
Model mentioned in [33] and recommended rules of process reengineering,
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Figure 6 The To-Be model for “preliminary research process for a criminal case”.

the To-Be model is created. The To-Be model for the two processes of
“preliminary research process for a criminal case” and “issue verdict process
for a criminal case” are shown in Figures 6 and 7.

5.3 Creating a Communication Matrix of Tasks and
Requirements

This step aims to determine the relationships between the tasks and software
requirements identified in the Section 5.1. So, the To-Be business process
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Figure 7 The To-Be model for” issue verdict process for a criminal case.”.
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Table 2 Relationship between business process tasks and system requirements
System Requirements Tasks
Check order t21
Set subpoena t22–t23–t24
Insert court attendance statements set minutes t26–t27–t28–t29
Setting verdict t30
Set introducing prisoner letter t31
Prepare an interrogation report t8–t9–t10
Determine the necessary investigation t5
Assign turn and type to file t2–t3
Assesment of the preliminary investigation result t6–t7
Set the orders t13–t14–t15
Announce the orders t20
Issue indictment t19
Determine the need for detention (Check the validity of the bail) t16–t17
Check the preliminary investigation result t11–t12

model will be examined to identify the tasks that address each of the require-
ments that exist in the last level of the requirements model. Then, as Table 2
describes, we construct a two-dimensional array that exhibits the relationship
between each requirement and the task that relates to it:

∀Ri ∈ Requirements Set, Ti ∈ Tasks Set:

if Ti supports Rj ⇒ [RT ]i,j = Ti (1)

Considering these relations, if organizations have the same goals, the
tasks that address these goals can be reusable. So identified services with
this attitude meet the reusability factor which is one of the service design
principles. We use this matrix in Section 5.9 for identifying candidate
services.

5.4 Creating the First Communication Tasks Matrix

Considering that software entities are an effective factor in identifying
services, we need to create a task-entity matrix before creating the first
communication task matrix.

The task-entity matrix is formed with two goals. First, using this matrix,
the relationship between tasks and entities is determined, and secondly, the
effect of tasks on each entity is identified. The effect of tasks on entities
is categorized into four types of operations: create (C), update (U), read
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Table 3 Judicial System’s entities
E1 Complaint
E2 Required interrogation inquiry
E3 Prosecutor’s office’s interrogation report
E4 Conscious office’s final investigation report
E5 Sheriff’s final investigation report
E6 Decree for suspension of prosecution
E7 Decree for finish prosecution
E8 Guilty verdict
E9 Decree for temporary detention
E10 Order for bail document detention
E11 Indictment
E12 Defendant’s subpoena
E13 Witness’s subpoena
E14 Complainant’s subpoena
E15 Court Minutes
E16 Verdict
E17 Introducing prisoner letter

(R) and delete (D). This set of operations is known as CRUD and has a
different degree of importance which is compared in [8] like C>U>D>R.
Accordingly, create (C) has the highest strength and importance degree in
comparison with others. To use these four operations in different calculations,
in [8], they have been assigned a numeric value. Assuming these numbers are
real and are between 0 and 1. For simplicity of calculation, they rounded
and set as follows. create (c) = 1, Update (U) = 0.75, Delete = (d) = 0.5
and read = 0.25. By adopting these concepts from [8], we continued our
method. We need to explore the relationships between tasks and entities. To
accomplish each task a number of entities should be accessed to Create, Read,
Update or Delete data. The Task-entity matrix rows are tasks and the columns
are entities.

The value of each cell in the matrix is determined by the type of operation
that each task performs on each entity. Should the operation be “create” the
cell’s value will be equal to C or 1. Likewise, U or 0.75 for update, D or 0.5
for delete and R or 0.25 for read [8].

The Judicial System’s entities are determined in Table 3. Also, the task
entity matrixes for the prosecutor’s office and court are shown in Tables 4
and 5.

We use the task-entity matrix to create the first communication task
matrix. This matrix illustrates the relations between tasks based on their
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Table 4 Task entities matrix for prosecutor’s office

E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11

t1 U

t2 U

t3 U

t4 C

t5 R

t6 U

t7 U

t8 C

t9 C

t10 C

t11 U U

t12 U

t13 R R R C

t14 R R R C

t15 R R R C

t16 R C

t17 R C

t18 U U U

t19 R C

t20 R R R

Table 5 Task entity matrix for court

E6 E7 E11 E12 E13 E14 E15 E16 E17

t21 R R R

t22 C

t23 C

t24 C

t25 C

t26 U

t27 U

t28 U

t29 U

t30 C

t31 R C
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access to entities. Thus, it helps to determine semantic relations between
tasks.

In the first step, for each two tasks in the business process model, if the
two tasks are operating on one or a number of similar entities, the average of
accessing types of the two tasks to each common entity will be calculated.
The sum of these values will then be calculated. In the next step, the number
of shared entities by these tasks will be divided by the total number of the
entities that are accessed by these tasks. The result will be multiplied by the
value calculated in the previous step. Finally, the result will be placed in the
cell that is at the intersection of the two tasks in the matrix.

Algorithm 1 Creating the first communication task matrix
1: foreach pair of tasks(i,j) in To-Be Model
2: sum = 0
3: foreach Entity e in Entity Set
4: if [Task-Entity]i,e & [Task-Entity]j,e have value
5: sum+ =1/2(Value[Task-entity]i,e + Value[Task-Entity]j,e)
6: end if
7: end for
8: sum=sum*(count(shared entities)/count(available entities))
9: [TT-First]i,j = [TT-First]j,i = sum
10: end for

Applying this algorithm has two advantages. First, it helps us understand
the relationship rate between tasks with respect to their impact on shared
entities. Second, it allows us to extract the hidden and semantic relations
between tasks. For example, by applying the above algorithm task 1 and
task 3 are conceptually related to each other because both impact the same
data. As we see in Tables 6 and 7, the rate of relation between tasks varies
between 0,1. Identifying such relations lead to the identification of tasks
that can be potentially considered as services. The first communication task
matrixes for the prosecutor’s office and court are described in Tables 6 and 7.

5.5 Creating Entity Services

In our method, the service model includes three types of services: entity
service, utility service, and task service. Entity services are derived from the
business data model. We identify each entity in the business data model as
a service. Each service entails some methods. To determine these methods
for each entity service, we look for the CRUD operations presented in the
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Table 7 First communication task matrix for court
t21 t22 t23 t24 t25 t26 t27 t28 t29 t30 t31

t21 0 0 0 0 0 0 0 0 0 0 0
t22 0 0 0 0 0 0 0 0 0 0 0
t23 0 0 0 0 0 0 0 0 0 0 0
t24 0 0 0 0 0 0 0 0 0 0 0
t25 0 0 0 0 0 0.875 0.875 0.875 0.875 0 0
t26 0 0 0 0 0.875 0 0.75 0.75 0.75 0 0
t27 0 0 0 0 0.875 0.75 0 0.75 0.75 0 0
t28 0 0 0 0 0.875 0.75 0.75 0 0.75 0 0
t29 0 0 0 0 0.875 0.75 0.75 0.75 0 0 0
t30 0 0 0 0 0 0 0 0 0 0 0.312
t31 0 0 0 0 0 0 0 0 0 0.312 0

column associated with that entity in the task-entity matrix. The process is
shown below.

∀Ei ∈ Entity set,Tj ∈

Task Set: if related with Tj in [Task Entity] &

Access Type of Tj to Ei is A⇒

add Tj ·A to Methods of Ei. (2)

Since entity services are derived from a business data model and are not
dependent on a particular business process, they can be reused to automate
different business processes. The identified Entity services for investigating
criminal complaint mechanized system is shown in Table 8.

5.6 Creating Utility Services

Utility services are designed to automate functions that are commonly used
in various contexts and thus are independent of any particular business pro-
cess and organization. These services, therefore, are reusable. For example,
Log services on messages moving within the service-oriented architecture
framework, error management service, and transaction monitoring service are
recognized as utility services.

Also, the repetitive patterns of tasks in BPMN can be considered as
utility services. Once identified, we add these services to the services model.
Furthermore, in the description phase, we will show the relation between
these services and other types of services.
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Table 8 Considered Entity services for investigating criminal complaint mechanized system
Methods Entity Service
Update() Complaint
Create(), Read() required interrogation inquiry
Create(),Update(),Read() prosecutor’s office’ s interrogation report
Update(),Read() conscious office’s final investigation report
Update(),Read() sheriff’s final investigation report
Create(),Update(),Read() decree for suspension of prosecution
Create(),Update(),Read() decree for finish prosecution
Create(),Update(),Read() Guilty verdict
Create() decree for temporary detention
Create() Order for bail document detention
Create(),Read() Indictment
Create() defendant’s subpoena
Create() witness’s subpoena
Create() complainant’s subpoena
Create(),Update() Court Minutes
Create(),Read() Verdict
Create() Introducing prisoner letter

5.7 Create a Second Communication Tasks Matrix

In this step, a second communication tasks matrix is generated from the
To-Be business process model. We construct this matrix to illuminate the
structural relations between tasks in the business process model. These rela-
tions will be used to identify task services in the next step. Tables 9 and 10
present the second communication tasks matrixes for the prosecutor’s office
and court.

A number of analysis and design tools such as Visual Paradigm, can
automatically generate this matrix using the BPMN model, but the matrix
created by such tools has some shortcomings. For example, it only considers
direct relation between two tasks and if a gate or event exists between them,
they will not be taken into account as related tasks. Additionally, this tool
neglects some series of patterns in business processes, such as tasks that are
placed before or after a gateway that can be considered as services. To tackle
these problems, we develop the following algorithm. To this end, we need
to first determine edges, gateways, and branches. To do so, we create a new
XML browsing tool that analyzes the XML version of BPMN.

In our proposed algorithm, If the connection between the two tasks of Ti
and Tj is direct in the business process model, the value of the cell (Ti, Tj) in
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Table 10 Second communication tasks matrix for court
t21 t22 t23 t24 t25 t26 t27 t28 t29 t30 t31

t21 0 0.5 0.5 0.5 0 0 0 0 0 0.5 0
t22 0.5 0 0 0 1 0 0 0 0 0 0
t23 0.5 0 0 0 1 0 0 0 0 0 0
t24 0.5 0 0 0 1 0 0 0 0 0 0
t25 0 1 1 1 0 0.5 1 1 1 0 0
t26 0 0 0 0 0.5 0 0 0 0 1 0
t27 0 0 0 0 1 0 0 0 0 1 0
t28 0 0 0 0 1 0 0 0 0 1 0
t29 0 0 0 0 1 0 0 0 0 1 0
t30 0.5 0 0 0 0 1 1 1 1 0 0.5
t31 0 0 0 0 0 0 0 0 0 0.5 0

the second task communication matrix will be equal to 1. Should there be a
gateway between Ti and Tj, the value of 0.5 will be assigned. This value will
be equal to 0.75 under the condition that Ti and Tj appear on branches that
are positioned before or after a gateway.

Algorithm 2 Create the second communication task matrix
1: foreach pair of tasks in To-Be model like Ti and Tj
2: if there is a direct edge between Ti and Tj
3: [TT second]i,j = 1
4: else if t here is a gateway between Ti and Tj
5: [TT second]i,j = 0.5
6: else if T i and Tj are tasks in branches after/before a gateway
7: [TT second]i,j = 0.75
8: end if
9: end for

The output matrixes generated by the suggested algorithms facilitate the
identification of both structural and semantic relations between tasks. For
example, if task 1 and task 2 are related and also there is a relationship
between task 2 and task 3, a potential relationship may exist between task
1 and task 3. This relationship and the associated tasks can be considered
as a new service providing that they present the required features of service.
Another example is a condition under which two tasks use the same data.
These tasks may potentially be interdependent. Such relationships are of
the semantic type that we identify in our method. So, the challenge of
insufficient attention to the structural relationships between tasks in other
service identification methods, is overcome by creating this matrix.
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5.8 Creating a Final Communication Task Matrix

To identify task services and creating the final communication task matrix,
we use the following equation. Accordingly, the final matrix is equal to the
sum of the first and the second communication task matrices which shows
relationship between tasks from both structural and conceptual points of
view. For example, Figure 6 reveals that there is no explicit and structural
relationship between task 1 and task 3, but by means of the first task-task
communication matrix, we see that they have a conceptual relationship with
each other. Therefore, the value of their related cell in the first and second
communication matrix add together and is written in the corresponding cell
in the final task-task matrix. This matrix for the prosecutor’s office and the
court is depicted in Tables 11 and 12.

[TT Final ]i,j = [TT First ]i,j + [TT Second ]i,j (3)

5.9 Creating Candidate task Services

In this step, we create a service for each system requirement, which is
defined at the final level of the goal model. Creating services with respect
to the requirements of organizations makes the service-oriented system more
flexible. When a business needs changes, only the service related to that
change will be altered, leaving the rest of the services untouched. Then, by
using the following algorithm, we identify the methods that are associated
with the service we defined. This algorithm operates in two sequential phases.
In the first phase, it reviews the requirement-task matrix which had been
developed in 5.3. From this matrix, the algorithm identifies the tasks that
address each business need. It, then, categorizes these tasks as methods
related to services. The algorithm may come across some tasks that have
been previously assigned to another service. Under a circumstance as such,
those tasks will remain as a subset of the service that they had been initially
assigned to. However, they will be called in when their functions are needed
to complete the new service. When this happens, the previous service will
become preempt.

In the next phase, the algorithm looks for the remaining methods for each
service. To do this, from the final communication tasks matrix, it extracts
and adds those tasks that are related to the methods of each service and do
not belong to any other recognized services. Although this set of tasks may
not be directly in alignment with any specific business requirement, they are
semantically related to the other methods identified for a particular service.
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Table 12 Final communication task matrix for prosecutor’s office
t21 t22 t23 t24 t25 t26 t27 t28 t29 t30 t31

t21 0 1 1 1 0.5 0.5 0.5 0.5 0.5 1 0.5

t22 1 0 2 2 2 1 1 1 1 1 1

t23 1 2 0 2 2 1 1 1 1 1 1

t24 1 2 2 0 2 1 1 1 1 1 1

t25 0.5 2 2 2 0 2.5 3 3 3 1 1

t26 0.5 1 1 1 2.5 0 2 2 2 2 1

t27 0.5 1 1 1 3 2 0 2 2 2 1

t28 0.5 1 1 1 3 2 2 0 2 2 1

t29 0.5 1 1 1 3 2 2 2 0 2 1

t30 1 1 1 1 1 2 2 2 2 0 1.5

t31 0.5 1 1 1 1 1 1 1 1 1.5 0

Table 13 Candidate services for judicial system
Service Methods

S1 Create file t1–t2–t3

S2 Determine the necessary investigation t4–t5

S3 Assessment of the preliminary investigation result t6–t7

S4 Prepare an interrogation report t8–t9–t10

S5 Check the preliminary investigation result t11–t12

S6 Set orders t13–t14–t15

S7 Check the validity of the bail t16–t17

S8 Assessment about the orders t18–t20

S9 Issue indictment t19

S10 Check order t21

S11 Set subpoena t22–t23–t24

S12 Set minutes t25–t26–t27–t28–t29

S13 Issue verdict t30

S14 Set introducing prisoner letter t31

This semantic relationship can be of two types: implicit control flow
and data flow. These relationships are prerequisites for the execution of the
identified service methods. Then, each task that remains unassigned to any
service will be allocated to a new service. Finally, the algorithm elucidates the
relationships between the identified task services and other types of services
such as entity and utility services. The candidate services for our example are
shown in Table 13.
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Algorithm 3 Requirement-based service identification
Input: Task-Requirement matrix, Task-Task matrix
Output: the set M of candidate services
1: Begin
2: M=0 // the set of candidate services
3: T=0 // the set of business process tasks
4: flag=0; //temporary variable
5: Used[T,S]=0; //matrix that shows each task belongs to which service
6: foreach (requirement R ∈ requirement set)
7: Create a new service Si and add Si to M
8: foreach task tj in T that supports requirement R //check from Task-Requirement

matrix
9: for (k=0; K<M; K++)
10: if (Used[tj, Sk] = 1){
11: Connect Si to Sk in service model;
12: Flag=1;
13: Break;
14: end if
15: end for
16: if (flag=0)
17: Add tj to Si;
18: Set Used[tj, Si] to 1;
19: Remove tj from T;
20: end if
21: foreach task tP in task-task matrix
22: if (task-task[tP , tj] has value and tP doesn’t support any R)
23: Add tP to Si;
24: end if;
25: foreach simple tasks not yet assigned to any service
26: Create a new service Sn and add Sn to M;
27: end for
28: end for
29: end for
30: end for
31: foreach task service St that performs CRUD operation on entity e //check from task-entity

matrix
32: Find entity service Se in entity service model that performs CRUD operation on

entity e
33: Connect service St to Se in service model
34: end for
35: foreach task service St that use utility U
36: Find utility service SU in Utility service model that performs Utility function U
37: Connect service St to SU in service model
38: end for

return M;
39: end



596 S. Hekmat et al.

5.10 Creating the Dependency Service Matrix

In this step, the internal cohesion degree of the identified services’ methods
and the connection between them is calculated and displayed in the related
service matrix. This matrix will be used to improve the candidate services in
the next step. The rows and columns of this matrix are the services. The main
diagonal of the matrix indicates the cohesion of methods within each service.

To calculate the cohesion of a service’s methods, if the service has one
method, the value of its cohesion is equal to one. If the number of service
methods is greater than one, the cohesion value is calculated by the formula
presented below. The values of the variables in the formula are derived from
the final task-communication matrix.

Cohesion(S) =


1 |S| = 1∑
i,j

task − task(ti, tj) ∀ ti, tj ∈ S |S| > 1
(4)

Also, the coupling degree between the two services is calculated from the
following formula.

Coupling(S1, S2) =
∑
i,j

task − task(ti, tj) ∀ ti ∈ S1, tj ∈ S2

(5)

The Dependency Service Matrixes related to the preliminary research
process and issue verdict process for a criminal case in the prosecutor’s office
is depicted in Tables 14 and 15.

5.11 Revising Candidate Services

In this step, we create a variable that measures the ratio of the average
cohesion of methods in each service to the average coupling degree of all

Table 14 Dependency Service Matrix related to the preliminary research process for a
criminal case” in prosecutor’s office

S1 S2 S3 S4
S1 6.5 0.5 0 1.5
S2 1 2.25 1 0
S3 0 0 1.5 0
S4 0 0 0 10.5
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Table 15 Dependency Service Matrix related to verdict process for a criminal case in
prosecutor’s office

S5 S6 S7 S8 S9
S5 1.5 4.875 0 0 0
S6 1.875 4.8 1.25 1.71 0.125
S7 0 0.25 1.66 0.25 1.61
S8 0 0.35 0.25 1.5 1.53
S9 0 0.125 0.17 1.03 1

services. This ratio indicates the quality of service design.

R =
Average Cohesion

Average Coupling
(6)

To calculate the average cohesion of identified services, the total cohesion
of all services is calculated and divided by the total number of services. In this
calculation, the dependency service matrix is used.

Average Cohesion =

∑
Cohesion(Si)

N
(7)

To calculate the average coupling of services in the services model, the
following formula is used. In this formula, D represents the total number
of connections between services. We find this value from the dependency
matrix.

Average Coupling(S) =

∑
i,j Coupling(Si, Sj)

D
(8)

The following algorithm shows how to use the R variable to modify the
services set:

The final identified services for “investigating criminal complaint system:
is described in Table 16.

6 Comparison of the Proposed Method With Existing
Methods

In this section, we draw a comparison between the proposed method in
this article and other methods that had been previously developed. Although
numerous methods for identifying services have been introduced, we delimit
the scope of this comparison to those papers that have suggested methods for
developing model-driven service-oriented systems from BPMN. To do so, we
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Algorithm 4 Aggregate services
Input: SD Services dependency matrix
Output: the refined set M of candidate services
1: begin
2: Compute the Average Cohesion/Average Coupling ratio R;
3: Count=0;
4: new service set=M; //buffer
5: foreach row in SD matrix correspond to Si service
6: Cohesion[Si] = SD[Si, Si];
7: foreach column in SD matrix correspond to Sj service
8: Coupling[Si, Sj] = SD[Si, Sj]
9: if Coupling[Si, Sj]> Cohesion[Si]
10: Aggregate Si and Sj into a new service Sij

11: Compute the Average Cohesion/Average Coupling ratio R2;
12: if (R2>R)
13: Add Sij to new service set;
14: Remove Si and Sj from new service set;
15: M = new service set;
16: R = R2;
17: end if
18: end if
19: end for
20: end for
21: end

Table 16 Final identified services for investigating criminal complaint system
Service Methods
Create file t1–t2–t3
Determine the necessary investigation t4–t5
Investigation of research results t6–t7–t11
Prepare an interrogation report t8–t9–t10–t12
Set order t11–t12–t13–t14–t15
Decision about detention t16–t17
Send orders t18–t19–t20
Check the order t21
Set subpoena t22–t23–t24
Set minutes t25–t26–t27–t28–t29
Issue verdict t30–t31

provide comparative table that compares our method with other methods from
different points of view. Table 17 shows the comparison between general
service identification methods from various aspects. We then, empirically
evaluate the utility of our method and compare it with other methods.
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The information presented in the table reflects the claims and arguments
of the developers of the methods. For example, although [8, 12] and [13] have
argued that their methods are fully automated, a closer look at them reveals
that they suggest some degree of human intervention and thus are considered
as semi-automated methods.

For identifying services, the reviewed methods have employed different
tactics of analyzing inputs, processes, goals, and data. Our method, however,
incorporates all of these tactics to identify both structural and semantic
relationships between tasks. While being semi-automated, our method has
the advantage of considering the principles of service design such as internal
cohesion of service methods, loose coupling of services and reusability.

To empirically evaluate our method, we ran two tests. First, we compared
our method against other methods by calculating the ratio of cohesion to
coupling. In this comparison, we illustrated the values of this ratio for our
proposed method as well as for the business process-oriented, goal-oriented
and data-oriented approaches. Second, we sought experts’ opinions on the
accuracy of these methods. To do so, we asked three experts to compare
the aforementioned methods by appraising the quality of these methods
with regard to their capabilities of identifying the right set of services and
the associated tasks. They were allowed to apply each approach they want
in every single strategy. Then, They were asked to rate the methods on a
scale of 1 to 10 with 10 being the highest and 1 the lowest scores. They
were instructed to deduct one mark for each misaligning task with a service
identified by each method. We then, calculated the average of the scores given
by the experts. The results demonstrate that our proposed method scored
higher than the other ones. The results are summarized in Table 18.

The result of Table 18 shows that considering goal, data, and business
views together leads to identifying services with a higher rate of cohesion
and a looser rate of coupling between tasks compared to using each method
alone. It means that applying combination view has helped to identifying
more accurate services with more less call between them.

For another quantity evaluation, we compare the accuracy of our combi-
nation method with other single methods. Here accuracy means the number
of tasks that are identified correctly as a method of each service. To do this,
we consider several different processes with different degrees of complexity.
Complexity means the number of tasks and gateway that exist in the process.
Then, we asked the experts to identify services by applying different methods
based on business-driven, goal-driven, entity-driven and by their choices
separately. Then, we compared the average of their results with identified
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Table 18 Method evaluation by variable R and expert evaluation
Method/Service Business Processes Goals Entities Proposed Method

Service1 t1–t2–t3 t1–t2–t3 t1–t2–t3 t1–t2–t3

Service2 t4–t5 t4–t5 t4–t5 t4–t5

Service3 t6–t7 t6–t7–t11 t6–t7–t11 t6–t7–t11

Service4 t8–t9–t10 t8–t9–t10–t11 t8–t9–t10–t12 t8–t9–t10–t12

Service5 t13–t14–t15 t13–t14–t15–t16 t13–t14–t15–t18–t19–t20 t13–t14–t15

Service6 t16–t17 t17 t16–t17 t16–t17

Service7 t18–t19–t20 t18–t19–t20–t21 – t18–t19–t20–t21

Service8 t21–t22–t23–t24 t21 t21 t21

Service9 – t22–t23–t24 t22–t23–t24 t22–t23–t24

Service10 t25–t26–t27–t28–t29 t25–t26–t27–t28–t29 t25–t26–t27–t28–t29 t25–t26–t27–t28–t29

Service11 t30–t31 t30 t30–t31 t30–t31

Service12 t11–t12 t31 – –

R variable 2.435 1.195 1.874 2.511

Experts evaluation 8 6 8 10

Table 19 Comparison accuracy between approaches
Method Business Process Goal Entity Proposed Method
Accuracy 69.3 77.7 80.2 89.2

services that came from our method. Table 19 shows that our method iden-
tified services with higher accuracy in comparison with others. Also, results
show that our method is independent from the size and complexity of the
business process model and it works better than other methods in each
situation.

It is necessary to mention that the research domain of this paper consider
goal, data and business view of service identification approaches together and
presents a new combination method and shows the advantages in comparison
to each single view. There are lots of other views with their combination
approaches that don’t consider these three views. So, they are not in noted in
this paper.

Comparison between our combination method with other combination
method is opening the new topic for future research.

7 Conclusion

This article offers a new approach to semi-automated detection of ser-
vices through the analysis of the direct and indirect relations amongst the
tasks/activities in BPMN models. By definition, a service consists of an
autonomous set of correlated reusable activities. We show that an autonomous
set of activities/tasks which operate on the same entity or resource could be
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considered as a service. Moreover, having the same objective or goal may
be used as another basis to consider a set of activities/tasks as a service.
Highly cohesive and loosely coupled activities can also constitute a service.
To do this, our approach is divided into two phases. First, in the business
modeling phase we defined three models: goal, As-is and business data
model. These models determined the requirements, current situation of a
business, without considering any system or software, their tasks and the data
flow. These models are used as input for the second phase: identification.
In this phase, we identified services by specifying and measuring dependen-
cies and relations between tasks in To-Be BPMN models with creating six
matrices: task-requirement, task-entity, first communication task-task, second
communication task-task, final communication task-task, and dependency
service. These matrices measure and distinguish explicit and implicit both
structural and semantic relationships between tasks and requirements, tasks
and data, tasks together with attention to data flow between them to specify
semantic relations, tasks together with considering structural relationship
between them, task together with take into account to both structural and
semantic relationships, and between identified services relations to mea-
sure dependency degree between them. Finding the dependencies shows the
degree of control and data flows between tasks and help us to determine high
cohesion and loose coupling tasks. At the end of this phase, we have three
types of services: entity, utility, and task. The identification methods for each
one are described in paper. The semi-automated method that introduced in
this article has four features of high cohesion, loose coupling, granularity,
and reusability. Simultaneously, it considers both structural and semantic
relations. These features are gained by defining R index, paying attention to
relation between tasks, system requirements and separate defining of entity
and utility services to identify services. Other researchers should look into the
possibility of automatically detecting services from BPMN models as well as
extracting the BPMN from the system log.
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