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ABSTRACT Modern organizations are process-oriented. To remain competitive in the digital transformation
era, these organizations design and implement Information Systems (IS) to support their business processes.
The emergence of the Service-Oriented Architecture (SOA) style made it possible to design IS architectural
models that meet software quality criteria and are aligned with the organizations’ business models. However,
designing such SOA services is a complex task that requires extensive knowledge and skills in software
architecture and the business domain. Researchers and practitioners have proposed several methods to
derive SOA services from business models during the last two decades. However, SOA design initiatives
from business models still fail. Existing methods and processes to design process-aware IS have limitations
related to their usability and implementation complexity. These limitations triggered the necessity for a
survey that extracts more information about how to design SOA architectural models from business models.
This work proposes a systematic literature review (SLR) to establish the state of the knowledge about the
existing methods that derive service models from business models. This SLR provides practitioners, such as
solutions architects, business architects, and application architects, a comprehensive overview of available
methods to derive SOA architectural models from business models, helping them design SOA services and
build effective software solutions. We selected forty-one primary studies published between 2006 and 2023.
We compared selected methods according to seven specific criteria, namely: design life cycle coverage,
detailed specification support, SoaML support, service granularity, the use of patterns, automation, and
tool support. The results confirm that SOA is an established architectural style for building effective ISs
that support organizations’ business processes. As far as we observed from comparing selected methods
according to the selected criteria, our findings explain the need for a new method that provides organizations
with an easy-to-use and comprehensive process to derive quality SOA models from business models.

INDEX TERMS Systematic review, service-oriented architecture, SOA, business models, service design,
model transformation.

I. INTRODUCTION
Nowadays, complexity characterizes the environment in
which organizations evolve and collaborate. To remain
competitive, organizations must stay abreast of changes and
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continually modernize through the design and development
of information systems (IS) to support their business
processes [1]. However, IS development is a complex and
laborious task that requires resources and specific skills [2].

The advent and rapid adoption of the Service-Oriented
Architecture (SOA) paradigm represent a shift in IS
design and development [3]. SOA introduced a modular
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design approach that simplifies the IS design task. SOA
emphasizes reuse, flexibility, scalability, and interoperability,
allowing organizations to integrate heterogeneous systems
and adapt to evolving business needs more effectively [4].
SOA principles remain the foundation of current and
future trends for designing and developing service-based
systems [5].
Despite the SOA style’s multiple benefits, organizations

face many challenges when implementing SOA service-
based solutions, considering the complexity of the SOA
service design process [6]. Over the last decades, scholars and
practitioners alike proposed several service designmethods to
overcome these challenges. However, the proposed methods
still show limitations regarding their usability and implemen-
tation complexity.

A literature review describes, understands, explains,
or tests theories [7]. Over time, several literature reviews
were conducted to portray the state of the knowledge
and to reveal the gaps in SOA service identification and
design methods [8], [9], [10], [11], [12], [13], [14], [15],
[16]. Existing reviews covered previously published studies
regardless of the starting point of the method to derive SOA
services. In this work, we conduct a Systematic Literature
Review (SLR) to identify and describe the available methods
to design services according to the SOA style using business
models as input. Moreover, while existing reviews used
diverse comparison criteria [6], this study introduces new
critical quality criteria to compare the available methods.
Thus, it compares the methods’ coverage of SOA service
design stages, level of automation, tool support, use of best
practices such as patterns, support for service granularity,
and SoaML support. Our selected comparison criteria are
described in more detail in subsection VII-B.

This work aims to identify, evaluate, and interpret available
studies about the research topic. Thus, according to the
guidelines from [17], this SLR process is organized into
three main phases: i) Planning the review, ii) Conducting the
review, and iii) Reporting the review.

The remainder of this paper is structured as follows.
Section II explains the background underneath the SOA
identification and specification methods. Section III surveys
the related work and explains the motivation for performing
this SLR. Section IV presents the SLR methodology.
In section V, we describe the review protocol and identify
the research questions, the search strategy, and the relevance
criteria. Section VI presents the details of the process to
conduct this review. In section VII, we analyze and report the
results from the SLR. Then, we briefly discuss our findings
about existing methods. Section VIII discusses the threats to
the validity of the SLR. We conclude in section IX.

II. BACKGROUND
This section introduces the SOA architectural style and its
benefits. Then, it presents definitions and types of business
models to explain how various input models could be used to
derive SOA services.

A. SOA
SOA is a paradigm that gained prominence in the late 1990s
and early 2000s as a response to the need for reusable,
flexible and scalable software solutions that could be easily
integrated into different applications [4]. SOA has evolved
from previous architectural paradigms and development
approaches, including Object-Oriented Development (OOD),
Component-Based Architecture (CBA), and Distributed
Systems [18], [19].

OOD introduced the concepts of objects and interfaces.
Objects encapsulate data and behaviour. Interfaces define
the contract to interact with the objects by specifying how
their methods can be invoked [19]. OOD paradigms focus on
packaging data with operations. An object exposes a structure
but cannot express semantics, which can only be expressed
through comments in the class definition [20].
CBA is based on assembling pre-built and reusable

software components. According to [19], CBA is a devel-
opment paradigm that extends OOD with the notion of
‘‘Component’’. The latter is a larger-grained unit than objects.

According to [21], Distributed Systems are a collection of
autonomous computing elements that appear to their users
as a single coherent system. This implies interconnected
components communicating remotely over a network to
ensure they appear as a single system.

According to [22], SOA is a common approach to design-
ing and developing Process-Aware Information Systems
(PAIS).1 SOA established an architectural style to enhance
the enterprise’s efficiency by positioning services as the
primary means for supporting the business [23]. SOA has
emerged as a paradigm for packaging a set of capabilities as
services [24]. Services are used to build and provide software
solutions to solve business problems. Hence, SOA-based
systems are decomposed into loosely coupled, interoperable
services that encapsulate specific business functionalities.
Authors in [25] define the SOA service concept as a
self-contained business functionality with well-defined and
discoverable interfaces. SOA services expose well-defined
interfaces that can be discovered, invoked, and composed
dynamically [3].

Moreover, SOA introduced a set of core principles and
service quality attributes such as cohesion, coupling, and
granularity. According to [23], the SOA principles of service
design are:

• Standardized Service Contract: Services within the same
service inventory comply with the same contract design
standards.

• Service Loose Coupling: Service contracts impose low
consumer coupling requirements and are themselves
decoupled from their surrounding environment.

• Service Abstraction: Service contracts only contain
essential information, and information about services is
limited to what is published in service contracts.

1Process-Aware Information System (PAIS) refers to systems built to
support the organization’s business processes [22].
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• Service Reusability: Services contain and express
agnostic logic and can be positioned as reusable
enterprise resources.

• Service Autonomy: Services exercise a high level
of control over their underlying runtime execution
environment.

• Service Statelessness: Services minimize resource con-
sumption by deferring state information management
when necessary.

• Service Discoverability: Services are supplemented
with communicative metadata that can be effectively
discovered and interpreted.

• Service Composability: Services are effective composi-
tion participants, regardless of the size and complexity
of the composition.

SOA is a technology-independent architectural style. Early
SOA implementations relied on the Enterprise Service
Bus (ESB) to facilitate communication between services,
orchestrating interactions and handling tasks like security,
message transformation, and routing [4]. However, the ESBs
are complex and heavy. Their centralized nature sometimes
leads to performance bottlenecks. Around the mid-2000s,
the REST (Representational State Transfer) architectural
style began to gain popularity as an alternative [26]. REST
advocates focusing on simplicity and performance using
simple, stateless HTTP communication and lightweight
formats such as JavaScript Object Notation (JSON).

Since the beginning of the 2010s, Microservices have
evolved as a more granular and modern approach to address-
ing many traditional SOA services design challenges, such
as granularity [27]. Microservices encourage decentralized
governance and data management, with each service having
its own database. Microservices typically communicate via
lightweight protocols like REST [28].

SOA principles such as loose coupling, composability,
and reuse laid the foundation for novel service-based archi-
tectures. However, new approaches like Microservices have
refined and simplified these foundations, making them more
scalable, flexible, and aligned with today’s modern software
development practices, such as DevOps and Continuous
Integration/Continuous Deployment (CI/CD).

B. BUSINESS MODELS
SOA emphasizes using flexible, reusable, and interoperable
services to enhance software development and system inte-
gration that fulfill business processes and goals. Identifying
and specifying the appropriate services is essential for
building a service-based solution [29]. According to [23],
there are three possible strategies to derive SOA services:
top-down, bottom-up, or meet-in-the-middle. Bottom-up and
meet-in-the-middle strategies are useful when SOA-based
systems are derived from existing systems [30]. In a top-down
strategy, services are derived from business models before
they undergo technical specification [9]. According to [31],
using a top-down strategy to derive SOA services models

improves their alignment with the business models. This work
focuses on proposed methods that use a top-down strategy to
identify SOA services from business models.

Businessmodels are representations that outline real-world
business activities independently of how the systems are
implemented [32]. Various business models exist, including
Business Process Models (PM), Value Models (VM), and
GoalModels (GM), each serving distinct purposes to describe
various aspects of the business [33]. Together, the business
models provide a comprehensive view of organizational
strategy, operations, and value.

PMs describe the ‘‘how’’ of achieving specific goals by
mapping out the sequence of organizational activities, tasks,
and decisions [33]. They focus on operational efficiency and
effectiveness, capturing workflows and dependencies within
the processes [34]. PMs are used for operational analysis,
ensuring that activities align with organizational goals. PMs
can be created using various modeling techniques and
notations, including Business Process Model and Notation
(BPMN) [35], Unified Modeling Language (UML) [36], and
Event-driven Process Chains (EPC) [37].

VMs, in turn, capture the value creation from the
performance of business activities [33]. They illustrate
‘‘what value’’ an organization provides and how value
is created, exchanged, and delivered among business
actors [38], [39]. VMs are used in business design and
strategic analysis, identifying value creation, offerings,
and exchanges. VMs can be obtained using a business
ontology, such as e-BMO [40], REA [38], [39], and
e3-value [41].

Finally, GMs capture the goals and objectives that an
organization seeks to achieve, how these objectives relate to
one another, and how they are connected to the deployed
means and actions (e.g., services). GMs clarify the ratio-
nale and motivation for answering the ‘why’ questions of
the business [30], [33]. They help align resources with
organizational priorities and identify potential conflicts or
dependencies between goals. Several goal-oriented modeling
approaches exist. For example, Goal-oriented Requirement
Language (GRL) [42], Knowledge Acquisition in Automated
Specification (KAOS) [43], and I* [44].

III. RELATED WORK
An SLR helps define each research project’s context and
objectives to demystify its complexity [45]. Before starting
this work, we reviewed existing literature on service identi-
fication and design methods. Specifically, we examined the
scope of previous reviews and their criteria for comparison.
This section provides a summary of relevant contributions
from the previous reviews and the motivation for this work.

In [10], the authors conducted a criteria-based literature
review to compare existing approaches using six groups of
characteristics. Their work used comparison criteria such
as input type, service identification strategy (i.e., top-down,
bottom-up, or meet-in-the-middle), service design life cycle

VOLUME 13, 2025 9881



R. Blal et al.: SOA Services Identification and Design Methods From Business Models

coverage, tool support, value creation, and service granular-
ity. According to the authors in [10], existing approaches
lack the business perspective. Hence, they considered the
latter a precondition for successful and efficient SOA-based
solution implementation. The study reveals that each method
has strengths and weaknesses. It concludes that combining
various criteria from multiple methods may offer a more
effective solution and build an adaptive method.

Gu and Lago conducted an SLR about existing service
design methods selected from 30 studies [11]. They con-
cluded that existingmethods differ in basic aspects, especially
input and output types, techniques, and strategies. The study
compared the methods based on efficiency, effectiveness,
and adaptability. It concluded that no single method is
universally applicable, as each has unique advantages and
limitations. Based on the study findings, the authors proposed
a comparison framework to help practitioners assess which
suitable method fits their needs.

In turn, the authors in [12] conducted an SLR specifically
tailored for Software Product Lines (SPLs). They compared
existing service design methods for SPLs’ using a combined
set of criteria introduced previously in [10] and [11]. Selected
criteria include service granularity, input models, output arti-
facts, and used techniques. The paper outlined that existing
methods need adjustments to suit the unique requirements of
SPLs’. More precisely, the method must manage variability
and feature modularity, which are fundamental to SPLs.

In [13], the authors assessed existing service identification
methods using specific comparison criteria such as service
design life cycle coverage, the perspective level of the
guidelines, reuse of existing techniques, clustering, and the
use of service typology/classification. The authors in [46]
surveyed service identification approaches. They assessed the
strengths and weaknesses of existing approaches according to
their characteristics. These characteristics include the level
of formalization, overall design process coverage, applied
techniques, the perspective level of the analysis, the use of
an optimization approach, and the availability of supporting
tools. In [16], the authors compared existingmethods in terms
of their basic characteristics, such as the design starting point,
modeling covered phases, and used techniques. Findings
from [13], [16], and [46] providedmeaningful insights to help
with future research directions. However, they covered fewer
and older versions of existing SOA service identification
methods.

In [8], the authors examined existing literature to identify
high-value design activities shared by various service identifi-
cation and designmethods. They highlightedmodel-to-model
transformation, business model decomposition, value analy-
sis, pattern matching, and ontology mapping. Value analysis
explores business value change within the enterprise value
chain. Pattern matching identifies services from business
models by matching existing patterns. Ontology mapping
helps to identify services from business models based on
a set of ontology definitions [8]. The study performed a

comparative analysis using efficiency, scalability, alignment
with business objectives, and adaptability criteria. The
authors concluded that future research needs to overcome
shared challenges across existing methods, including the
difficulty of maintaining flexibility for future changes and
the challenge of accurately aligning with evolving business
processes.Moreover, they highlighted the importance of tools
and techniques to support dynamic service adaptation as
organizations grow.

Authors in [9] conducted a detailed investigation of
existing service design methods and compared them using
a set of relevant criteria. The criteria were inferred from
various perspectives of the OASIS reference architecture for
SOA [47]. Their evaluation framework included criteria such
as business alignment, flexibility, granularity, reusability, and
complexity. The study provided a structured overview of
existing methods and classifications based on each method’s
foundational principles. It revealed that the selected methods
differ mainly in terms of the input model, level of automation,
and techniques used. Additionally, the authors highlighted
how some methods are better suited to align with business
goals while others excel in technical modularity or scalability.

In [14], the authors analyzed and discussed the automation
issues of existing service design methods by examining their
techniques and the available tools that support automation.
They concluded that when implemented, automation tech-
niques vary depending on the service design phase. The study
outlined the correlation between the lack of automation and
poor alignment between service and business models.

In [15], Fausel and Hussein presented another evaluation
of existing service design methods based on selected criteria,
such as SOA design strategies and coverage, the nature of
instructions, the use of service hierarchy and types, output
type, and tool support. For a more precise comparison, the
authors suggested selecting criteria based on the scope of the
existing methods.

In [48], authors identified commonly used comparison
criteria from previous reviews. They identified sixteen
(16) criteria, namely: service design life cycle coverage,
approach/strategy, input artifact, used techniques, types
of services, service descriptions/output, service quality
attributes, service granularity, comprehensiveness, system-
atic (i.e., detailed guidance), availability, tool support,
adoption of existing practices, validation, configurability (or
adaptability), and applicable domain.

In [6], the authors conducted a literature review to explore
the existing challenges of SOA design methods. The review
findings summarize the top challenges, notably the service
granularity principle, systematic approach and automation,
the comprehensiveness of the coverage, tool support, input
artifact, and configurable solution (i.e., flexible adaptation of
methods).

Previous surveys concluded that no single service identi-
fication method fully meets all criteria. They suggested that
organizations may benefit from hybrid methods integrating
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elements from multiple approaches. Authors in [9] suggested
that future empirical studies validate the effectiveness of
these methods in real-world scenarios. However, none
of the subsequent reviews evaluated the implementation of
earlier recommendations in more recent proposed methods.
Findings from existing surveys provide meaningful insights
for the research. Previous reviews covered available SOA
service identification methods regardless of their input and
service identification strategies. Moreover, earlier studies
used various comparison criteria based on their scope.

This work conducts an SLR about existing methods to
derive SOA service design models from business models.
In addition to including recently proposed methods, this work
differentiates itself from previous reviews in two ways. First,
it focuses on methods for SOA service design using business
models as input. Second, it includes an analysis focusing on
the most critical quality criteria to compare existing methods.
It examines SOA life-cycle coverage (i.e., identification,
specification, and realization). It verifies whether the method
supports the service granularity principle and assesses its
automation level and tool support. Moreover, it uses new
criteria such as detailed specification support, support of best
design practices such as patterns, and SoaML support for
service modeling and specification. Table 9 shows the list of
adapted comparison criteria.

IV. LITERATURE REVIEW METHODOLOGY
According to [45], an SLR uses a well-defined methodology
to identify, analyze, and interpret all available evidence
related to a specific research question in an unbiased and
repeatable way. A systematic review aims to present a fair
appreciation of the research subject using a trustworthy
and rigorous methodology [17]. The required methodology
consists of specific activities and guidelines to achieve the
expected objective [49]. This work adheres to the guidelines
on conducting a systematic literature review provided by
the work in [17]. Therefore, we organized this SLR’s
activities into the following three main phases: 1) Planning,
2) Conducting, and 3) Reporting.

During the planning phase, we define the research ques-
tions to be addressed, the search strategy to identify primary
studies (PSs), and the inclusion and exclusion criteria.
Before conducting this review, we assessed its pertinence
by comparing its aimed contributions to existing literature
reviews. The conducting phase consists of performing
planned activities according to the defined strategies. Hence,
the first activity during this phase is to search for and identify
relevant PSs. A study is considered relevant if it proposes
a method for identifying and specifying SOA services from
business models. Then, we extract, retrieve, and summarize
relevant data from each selected PS to answer the research
questions.

Lastly, during the reporting phase, we analyze eachmethod
using a defined comparison criteria framework. The criteria
were justified according to identified key characteristics of
the SOA service design methods (see section VII-B). Then,

TABLE 1. Key phases and activities of this review process.

we interpret, report, and summarize the review search results.
Analysis activities synthesize collected data from the review
to answer research questions. Table 1 describes the activities
and phases of the methodology designed to conduct this
review.

V. PLANNING THE REVIEW
In the preceding sections, we defined this review’s motivation
and methodology. Before undertaking this work, we verified
its relevance given previous reviews’ scope and comparison
criteria (see section III). According to [17], the planning
phase defines the review protocol. This protocol consists
of identifying the research questions, describing the search
strategy, and determining the inclusion and exclusion criteria
and data extraction method.

A. IDENTIFYING THE RESEARCH QUESTIONS
The main goal of this work is to identify and examine
the characteristics of existing design methods that derive
SOA services from business models. This section identifies
relevant research questions related to the SLR’s research
subject. Table 2 shows the research questions and the
motivation behind them.

B. SEARCH STRATEGY
We defined our search strategy to ensure an exhaustive search
with comprehensive results. To achieve this goal, we con-
sidered a selection of keywords and their synonyms. Given
this study’s context and research questions, we identified
the concepts of ‘‘Service’’, ‘‘Identification’’, ‘‘Method’’, and
‘‘Service-Oriented Architecture’’.

From this list of keywords, we searched for related
synonyms using an online synonym tool.2 Once a list
of synonyms was built, we examined the pertinence of
each available synonym based on the context of this
study to select an optimal set of additional keywords,
including: ‘‘derivation’’, ‘‘deriving’’, ‘‘design’’, ‘‘approach’’,
and ‘‘methodology’’. We also used the ‘‘SOA’’ acronym
for ‘‘Service-oriented architecture’’. Additionally, we added
keywords such as ‘‘business model’’, ‘‘process model’’,
‘‘goal model’’, and ‘‘value model’’. These keywords apply
exclusion criteria regarding the input types used by the
methods to limit the search results to the most relevant
studies. The combination of the elected keywords resulted in
the following generic search string (SQ):

2https://www.thesaurus.com
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TABLE 2. Research questions.

TABLE 3. Selected databases.

(‘‘service identification’’ OR ‘‘deriving service’’ OR
‘‘service derivation’’ OR ‘‘service design’’ OR ‘‘service
specification’’) AND (‘‘business process model’’ OR ‘‘goal
model’’ OR ‘‘value model’’ OR ‘‘business model’’) AND
(method OR methodology OR approach) AND (‘‘service-
oriented architecture’’ OR ‘‘service oriented architecture’’
OR soa).

To retrieve an exhaustive list of relevant studies, we care-
fully selected five online scientific databases based on
the following criteria: (i) relevance and coverage of the
research field, (ii) frequency of updates, (iii) availability, and
(iv) quality of the obtained search results. Table 3 shows the
selected databases.

C. INCLUSION AND EXCLUSION CRITERIA
Identified keywords are used in various contexts and fields.
Hence, considering the potential number of research works
that could be related to these keywords, we refined the
search results using inclusion and exclusion criteria to limit
the selection to studies that propose a method for deriving
services from business models. Thus, we defined inclusion
and exclusion criteria based on the research questions
described in Table 2. The justifications for the exclusion
criteria are presented in Table 4.

Exclusion criteria:

• Papers presenting a prior version of the same method.
• Papers that do not propose a method or an approach.
• Papers where the method/approach input is not a
business model.

• Papers that are not accessible.
• Publication before 2006.
• Papers not written in English.

Inclusion criteria:
• Papers that propose methods using business models as
inputs.

• Published between 2006 and 2023.
• Peer-reviewed.
• English writing studies.

D. DATA EXTRACTION STRATEGY
According to [17], a data extraction method defines how the
information required from each paper will be extracted. Data
extraction is required to analyze the articles, examine the
key characteristics of the methods, and answer the research
questions. During this stage, we collect information about the
selected papers, including the title, abstract, author names,
publishing year, paper type, and journal. From the full text
of each selected article, we collect information based on the
following steps:

1) The input and output models.
2) Design stages covered by the method (i.e., identifica-

tion, specification, and realization).
3) Techniques used at every stage covered by the method.
4) If the method supports detailed service specification

models (Yes/No).
5) If the method covers service granularity (Yes/No).
6) If the method uses a pattern-based approach to identify

and/or design the services (Yes/No).
7) Determine the method’s automation level.
8) If the method is supported by a tool (Yes/No).
Table 5 shows the details of collected data description and

sources.

VI. CONDUCTING THE REVIEW
This phase involves two main activities with multiple steps.
The first involves searching for primary studies and selecting
relevant articles. The second consists in collecting and
recording relevant data from selected articles according to an
explicitly established protocol.

A. SELECTING RELEVANT STUDIES
We performed a five-stage search and filtering activity to
select articles related to our research subject. Figure 1 shows
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TABLE 4. Exclusion criteria and justification.

TABLE 5. Data extraction protocol.

the selection and filtering process performed to identify
relevant PS. In the following, we describe the different stages:

• Stage 1. For each database identified in Table 3,
we customized a search query using a combination of
selected keywords linked with logical connectors (e.g.,
AND, OR). Then, we applied the required modifications
to ensure compatibility with each search engine’s
specifics.
We used additional filters to obtain precise results from
the queries when the database graphic interface allowed
it. Hence, on the ACM Digital Library Database,
we limited the search to the ‘‘Management Information
Systems’’ and ‘‘Computer Science’’ fields. Likewise,
on the SpringerLink database, we limited the search to
the disciplines of ‘‘Computer science’’ or ‘‘Business and
management’’), and to sub-disciplines of ‘‘Information
systems applications’’, ‘‘Software engineering’’, ‘‘IT in
Business’’ or ‘‘Management of computing and informa-
tion systems’’. Finally, we applied a filter for the search
on the IEEEXplore database, limiting the results to
papers from conferences, journals, and magazines. Fur-
thermore, we limited our search queries to peer-reviewed
English studies published between 2006 and 2023.
Table 6 shows used queries for each database. The
combined results from the search queries performed

on each database returned 771 reference documents.
We recorded the selection using the Mendeley reference
management tool ([50]). Table 6 depicts the number of
references returned by each database query.

• Stage 2. To expand the coverage of this review, we iden-
tified 11 literature review articles from selected refer-
ences. We applied forward and backward snowballing
to minimize the threats of missing essential studies
due to query string terms [51]. Forward snowballing
refers to using primary study references to identify new
papers. Backward snowballing refers to identifying new
papers citing the paper being considered. We iterated
from backward to forward snowballing and stopped
the iteration process when we found no new candidate
paper. From the snowballing search, we added another
121 references. At this stage, we selected a total of
892 articles.

• Stage 3. Using the reference management tool,
we removed 88 duplicates and 11 literature review arti-
cles to retain 793 references for further consideration.

• Stage 4. At this stage, we searched for the original
document of each selected reference in the previous
step. Hence, we ignored articles that were not publicly
accessible. Then, we performed a preliminary screening
by consulting each article’s title and abstract from

VOLUME 13, 2025 9885



R. Blal et al.: SOA Services Identification and Design Methods From Business Models

FIGURE 1. Articles selection and filtering process.

the retained selection. This task was accomplished
and reviewed by two or more researchers. Hence,
we removed 559 articles that met one or more of
the identified exclusion criteria. Thus, we retained
234 documents for a more in-depth examination.

• Stage 5. We examined the remaining selection more
deeply and consulted each of the 234 articles’ intro-
duction, method (or approach) descriptions, figures,
and tables. First, we verified whether the article pro-
poses a service identification or design method. Then,
we identified the method’s input and removed articles
where the input is not a business model as defined
above (see subsection V-A). Each article was read and
examined as many times as needed by the researchers
to ensure that all potentially relevant papers were
selected.
Furthermore, to refine the selection, we compared the
details of methods from the same authors and kept
only the latest version. At this stage, we eliminated
193 articles from the list and retained 41 articles for
further analysis. Figure 1 shows the details of the
selection process.

B. COLLECTING AND CHARTING THE DATA
During this step, we read and analyzed the 41 selected
articles and extracted the most relevant data about the

examined methods. Thus, we systematically performed the
data extraction activities described in the subsection V-D, and
Table 5. The collected data was concealed into a spreadsheet
for processing and analysis.

VII. REPORTING THE RESULTS
This section presents an analysis of collected data from the
review process about the available methods. First, we present
information related to retained PSs. Second, we define a
framework to compare selected methods based on different
criteria. Then, we analyze their key characteristics. Finally,
we synthesize the results to answer the research questions
presented in Table 2.

A. PUBLICATION-RELATED DATA
During this SLR, we selected forty-one (41) studies that
propose a method that derives SOA services from business
models.

1) PUBLICATION DATE
As shown in Table 7, we found that 24 articles (more than
60 %) from this SLR were published over the first six years,
from 2007 to 2013. The novelty and trending concepts, due to
the shift in paradigms in designing software solutions, could
explain the higher number of publications during that period.
Publications were evenly distributed over the subsequent
years. In recent years (i.e., between 2019 and 2023), we found
9 (21.95 %) new publications. Figure 2 shows the annual
distribution of the collected articles.

2) PUBLICATION VENUES
To better understand the origin of publications, we have
divided them into journals, book series, and conference
proceedings. Among the selected studies, 18 (46%) are
journal articles, 15 (39%) are conference papers, and 6 (15%)
are book sections. Figure 3 shows the paper type distribution.
The Table 8 shows the list of papers, journals, and books.

B. COMPARISON FRAMEWORK
We propose a seven-criteria comparison framework to
analyze, classify, and summarize the collected data from
this SLR. Criteria were defined and customized according
to specific characteristics that impact either the use of the
method or the quality of the derived services. Seven criteria
are defined as follows:

1) SOA service design life cycle coverage: This criterion
refers to whether the method covers all or fewer stages
of the SOA service design life cycle. According to [31],
the SOA service design process includes three main
stages: identification, specification, and realization.3

• The identification stage is the key to the service
design methods. It involves activities to determine

3These stages depend on each other results. Thus, the method coverage
might consist of one stage, two, or all of the three stages.
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TABLE 6. Customized search queries.

FIGURE 2. Selected articles per year.

the list of candidate services. Nevertheless, ser-
vice descriptions can start within identification
phases [9].

• The specification stage is the core of the service
modeling activity. Service specification involves
defining high-level service models [29], [52].

• Realization refers to elaborating the services into
detailed implementation architecture.

2) Detailed design support: This criterion refers to
whether the method supports detailed SOA service
design models. Detailed design implies elaborating
high-level service specifications models into a more
detailed description of the service behaviour, inter-
faces, and data structures [29]. This activity is related to
the specification design stage [8].When detailed design
is supported, the method specifies service interface
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TABLE 7. Publication date.

FIGURE 3. Papers type distribution.

details, including methods, parameters, and message
formats. Deriving detailed service specification models
helps align service models with supported PMs.

3) SoaML support: This criterion refers to whether
the method supports the Service-oriented architecture
Modeling Language (SoaML) [53]. SoaML is an
OMG specification that provides a meta-model and
a UML profile with service modeling capabilities
to support designing SOA-based solutions. SoaML
extends UML in six areas to define essential modeling
services, including capabilities, protocols or rules,
and information exchanged between consumers and
providers (Participants) [53]:

• Participants are physical or moral entities that
provide or consume services and can be software
components. They communicate using ports and
can provide or consume any number of services.
When using a service, the Participant is considered
a ’Service Consumer’ and uses a port with a
’Request’ stereotype. When offering a service, the

Participant is regarded as a ’Service Provider’ and
will have a port with a ’Service’ stereotype.

• Service Interface defines how a participant inter-
acts to provide or consume services. It describes
the interface and the Participant’s responsibilities
using the Service or Request port.

• Service Contract specifies the agreement between
service providers and consumers. It shares infor-
mation between the Participants regarding prod-
ucts, values and resources without describing how
and why they will fulfill their obligations. Thus,
it enforces the SOA loose coupling principle.

• Service Data describes the type and the content of
messages.

• Services Architectures describe how service con-
sumers and providers collaborate. It expresses the
dependencies between Service Contracts and the
roles of the Participants.

• Capabilities are used to model the ability to act and
produce an outcome. In other words, capabilities
identify and specify the functions or resources a
service might offer.

4) The use of patterns: This criterion asserts whether
the method uses patterns to identify and/or specify the
services. A pattern is a reusable formalized solution
that solves a frequent problem occurring within a
specific context [5]. Patterns can be categorized
into various types based on their use and context,
such as business patterns [39], [54], [55], workflow
patterns [56], [57], or design patterns [58].

5) Service granularity: This criterion assesses whether
the method supports the service granularity principle
when designing services. The term ‘‘service granu-
larity’’ refers to the extent of the functionality that
a service provides [59]. Service granularity is one of
the major concerns during the service design [48].
It contributes significantly to the quality of the
service [60], [61], [62]. Hence, designing services with
the right granularity avoids design anti-patterns such as
‘‘Tiny Service’’ and ‘‘God Object Service’’ [5]:

• ‘‘Tiny Services’’ are fine-grained services that
provide a small amount of business-process utility,
such as basic data access [5]. Having many
fine-grained services impacts the system’s perfor-
mance [63].

• ‘‘God Object Services’’ are coarse-grained ser-
vices from a large composition of smaller-grained
services [5]. The service granularity attribute can
affect its capabilities, performance, and reuse [9].

6) Level of automation: This criterion assesses whether
the method proposes techniques that can be automated.
Lack of automation means that activities must be
manually conducted, increasing the dependence on
user involvement. This criterion can have three values:
manual, semi-automated, and automated.
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TABLE 8. List of papers, journals, and books.

7) Tool support: This criterion evaluates whether the
method offers tools for the design process. Methods
outline the necessary steps and provide instructions
for users to carry out service design activities.
Supporting tools implement the logic and tech-
niques of the method, including algorithms and
transformation rules. These tools help automate the
design process and guide users, reducing the likeli-
hood of human error. Therefore, the availability of
tools dramatically improves the method’s usability
(i.e., enhancing its effectiveness, efficiency, and user
satisfaction).

C. ANALYZING AND SYNTHESIZING THE RESULTS
To answer the corresponding research question (see Table 2),
we analyzed and compared the methods using each of
the seven criteria defined and justified in the comparison
framework.

1) SOA SERVICE DESIGN LIFE CYCLE COVERAGE
The analysis of this criterion answers the research question
RQ1 (What are the SOA service design phases covered by
existing methods?).

The collected data reveals that all selected methods cover
at least the service identification phase (see Table 9). Figure 4
portrays the design life cycle coverage distribution among
selected methods. We found that 23 methods (i.e., 59% of the
total) are limited to identifying services. The main objective
of service identification is to extract and determine which
services are appropriate to build the SOA-based solution from
the business model. The output of this phase consists of a list
of candidate services.

Conversely, ten methods (i.e., 28% of the total) cover
service identification and specification phases. Those meth-
ods are found in the works of [1], [30], [60], [62], [68],
[73], [76], [79], [89], and [93]. These methods include
activities that identify candidate services from business
models and then generate service specification models. Yet,
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TABLE 9. Methods comparison criteria.

the generated service models (output models) differ in the
modeling notation/language and the level of the architectural
specification details.

Lastly, we identified nine methods (i.e., 13% of the total)
covering three service design phases (i.e., identify, specify,
and realize/elaborate service models). Those methods are
found in the works of [2], [28], [34], [61], [75], [82],
[83], [88], and [92]. These methods comprehend service
realization activities that transform service specification into
implementation models. They utilize various SOA-related
service technologies such as Web Services, microservices,
REST, or Business Process Execution Language (BPEL).
Furthermore, authors in [28], [61], and [92] claim that their

methods generate executable code by processing a model-to-
text transformation from generated service models.

To answer the RQ1 (What are the SOA service design
phases covered by existing methods?), our findings show
that selected methods are in three main categories: i)
Identification only methods (59%), ii) Identification
and specification methods (23%), and iii) Identification,
specification, and realization methods (13%). However,
all of the methods cover at least the identification phase.
Various approaches and techniques are used to identify
candidate services during this phase.
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FIGURE 4. Distribution of the design life cycle coverage.

2) DETAILED DESIGN SUPPORT
The analysis of this criterion determines if the method
supports detailed service specification design and answers the
research question RQ2 (What are the methods that support
detailed service specification?).

Extracted data shows that even if a method covers the
specification stage, only six of the selected methods support
detailed service specifications. Thus, we identified those
methods in the works of [1], [28], [60], [61], [75], [88],
and [93]. Our analysis describes each method’s various
approaches to generate detailed specification models.

In [75], the detailed design activities address the spec-
ification of ‘‘Business Objects’’ (BO)4 and of ‘‘Service
Operations’’ (SO). First, BOs are extracted from the message
exchange within the PM. BOs are broken down into infor-
mation and structure components. Identified components
are consolidated in a single table. Based on that table, the
structure components are mapped to business objects, while
the information components serve as attributes of the business
objects. Further analysis of the PM generates a mapping
table between actors, identified business transactions,5 and
required activities. This mapping helps to consolidate activi-
ties into services and specify their operations.

The method in [88] proposes analyzing exchanged mes-
sages within the business process to specify the service
interfaces. Interface input and output parameters are identi-
fied based on activities’ operations and the variables from the
data object in the PM. If an activity accesses or removes a
variable, it is set as an input parameter. If an activity initializes
or updates a variable, it is set as an output parameter.

4Business objects are used to illustrate how data flows through a process
and how it is transformed or manipulated as the process progresses.

5A business transaction is a logical unit composed from a sequence of
activities that affect a business relationship between two or more actors.

The method in [93] drives two types of services: business
and web services. Service-related functionality, behaviour,
and policy are specified using two ontological models defin-
ing the business andweb servicemodels. The business service
model is defined by extending the collaboration-oriented
ontology OeBTO to capture service-related functionality
and service quality requirements. The Ontology Web Lan-
guage (OWL) [94] enables the validation of the model
consistency and automatic transformation to the web service
level.

In [61], the method uses workflow patterns from the
business process models to derive the service interfaces,
contracts, and participants’ detailed design. In [60], the
method determines the structure and behaviour of a ser-
vice using action patterns from business process models.
Action patterns describe recurring behaviours in process
models.

On the other hand, [28] uses syntactic and semantic
analysis to extract relevant information from the process
models to derive the service details. Service operations are
specified using REST Verbs (GET, POST, PUT, DELETE)
when the data is unavailable. However, the outcome of this
approach depends heavily on the accuracy of synonyms.
In [1], the authors use structural and behavioural business
patterns from [39] and [54] to specify identified services
accurately. They propose specifying the SOA service inter-
faces (one-way, bi-directional), participants, architecture, and
choreography using the SoaML language.

To answer RQ2 (What methods support detailed service
specification models?), our findings show that six out
of 41 methods support detailed service specification.
The methods employ different techniques to extract
information to infer the attributes, structure, and oper-
ations, allowing the specification of identified services
using, for example, interfaces (provided, required),
dependencies, service architecture, and participants.

3) SOAML SUPPORT
This criterion verifies whether the method uses the SoaML
language for service modeling. Analyzing this criterion
allows us to answer the research question (RQ3) (What
are the methods that support SoaML in describing the
services?).

To compare the methods from this criterion’s perspective,
we verified the modeling language and the techniques used
to generate specification models of the services. Thus,
we identified six (6) out of 41 methods that support and use
SoaML in our selection. However, each method uses SoaML
modeling capabilities differently.

The method proposed in [73] derives service specification
from business models as a set of SoaML model artifacts.
Hence, the authors combine different SoaML modeling
approaches. The first step uses a Service Contract approach
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for business-level architecture modeling. Participants’ mod-
els are derived from the business process elements. A Service
Contract model defines the ‘‘Roles’’ that each Participant
plays in the service (i.e., Provider and Consumer) and the
Interfaces they implement to play that Role. A Behavior
model describes the Interactions between the Roles in a
Service Contract. A Service Architecture model comprises
all identified Service Contracts and Participants. The Ser-
vices Architectures are modeled as UML Collaborations.
The second step uses a Service Interface approach for
the system-level architecture modeling. Specified Service
Contract models are refined to Service Interface models. The
Service Contract model defines the Interface and responsibil-
ities of the Provider and the Consumer, including commands
and information to initiate the actions. To model the Service
Interfaces, the method uses two approaches: i) a Simple
Interface-based approach that specifies a uni-directional
service focusing on a one-way interaction provided by a
Participant and ii) a Service Interface-based approach that
specifies a bi-directional service, where ‘‘Callbacks’’ exist at
the Provider’s side.

The method in [30] uses heuristics to generate SoaML ref-
erence architecture for software services using a mapping of
KAOS goal model concepts to SoaML concepts. For instance,
candidate services are transformed into SoaML Service
Contracts, and KAOS Agents are transformed into SoaML
Participants. The method proposed by [61] generates SoaML
models, including SoaML Services Architecture, Participants
(Provider and Consumer), Service Interfaces, and Service
Contracts. The modeling process uses an ontology that
defines mapping rules between corresponding Meta-model
elements of the BPMN and SoaML specification. The
approach from [92] implements transformation rules to derive
SoaML service models from ERP exchange and conversion
processes. The method uses a set of mapping rules between
the BPMN Meta-model and SoaML Meta-model constructs.

SoaML is also used to specify services in [88]. The
service specification phase provides detailed service models
using Messages, Service Interfaces, Service Contracts, and
Services Architecture SoaML models. Finally, the proposed
method in [1] uses SoaML to generate Participants, Service
Behaviour, and Interface models. The method uses either a
Simple Interface approach for Uni-directional services or a
Service Interface approach for Bi-directional services (i.e.,
services with callbacks from the provider to the consumer).

To answer RQ3 (What are the methods that support
SoaML in describing the services?), data reveals that
19 methods (41%) generate architectural service specifi-
cation models. Generated service models are expressed
using various modeling languages (UML, SoaML,
XML, REST, or BEPL). Only six methods support the
SoaML language (i.e., 31% out of 19 methods that cover
the service specification phase).

4) THE USE OF PATTERNS
We use this criterion to verify whether the method uses
patterns to answer the research question RQ4 (What are
the methods that use formalized solutions, such as patterns,
to identify and/or specify the services?).

To answer this research question, we examined the
nature of approaches adopted by existing methods. The data
collected from this SLR reveals that selected methods use
three various patterns: business patterns, workflow patterns,
and design patterns. Business patterns refer to a set of
solutions to solve common business concerns [54]. Workflow
patterns are specific business patterns that refer to common
structures and interactions found in business processes [56],
[57]. Design patterns are formalized solutions to a frequent
design problem ([58], [95]).

Within this SLR selection, we identified seven (7) methods
that use patterns during the service design process. These
methods use various techniques. Authors in [89] generate
service models by translating the Workflow/Control-flow
patterns6 found in the PMs, into a service orchestration
model.

In [30], [34], [61], [68], [70], and [86], services are
identified or specified using workflow patterns.

On the other hand, we identified twomethods that use busi-
ness patterns. In [33], the method detects recurring business
patterns within business value models to i) derive business
process models and then ii) extract the services. On the other
hand, authors in [1] use business ontology patterns (see [38],
[39], [54]) detected in the BPMN choreography model to
specify the identified services. Each choreography task is
mapped to at least one business pattern. To map the tasks
and the patterns, the authors use the Open EDI reference
model [96]. Finally, the method proposed by [60], uses action
patterns to specify the structure and behaviour of identified
services. Action patterns are specific design patterns [95].

It is worth noting that other methods use a formal-based
approach7 to identify or specify the services. However,
we reported that authors in [34] use Perti-net formal notation
to verify whether elements of the BPMN model satisfy
semantic preconditions before being translated into BPEL
constructs.

To answer RQ4 (What are the methods that use
formalized solutions such as patterns to identify and/or
specify the services?), our findings show that ten (10)
methods (24%) out of 41, use patterns, namely business
patterns (4%), work-flow patterns (17%) and design
patterns (2%).

6Control-flow is a perspective of the workflow to describe the activities
and their order of execution using different constructors such as sequence,
parallelism and join synchronization [56].

7Formal-based methods use rigorous techniques based on mathematical
foundations (i.e. given a precise mathematical meaning) [97].
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5) SERVICE GRANULARITY
The analysis of this criterion verifies whether the method
considers designing services with the right granularity to
answer the research question RQ5 (What are the methods that
consider the service granularity principle?).

Analysis of data collected from this SLR reveals that
21 methods among the 41 selected for this SLR support
the service granularity principle. Each method combines
different approaches and techniques to optimize the quality
attribute of service design.

In [64], the authors identify services by analyzing the
business processes and activities. They describe elementary
activities using aminimized use case template that determines
the required functions. They consolidate the service functions
by clustering ‘‘logical function blocks’’ based on i) the
provided functionality and ii) the data structure on which
they operate. However, the clustering process relies on
expert knowledge. Finally, they generate a service description
containing the consolidated functions’ names, purposes, and
descriptions.

The method presented in [81] identifies a fine-grained
elementary service for each business entity. A graph partition-
ing algorithm uses the process activities to define the right
service granularity level. Elementary services are clustered
into composed services to support related business activities.
Authors in [76] use a clustering technique based on an
affinity analysis of a matrix composed of elementary business
processes and business entities. They compose services
with the right granularity by grouping elementary business
processes that operate on the same business entities. In [90],
the authors apply the entity affinity analysis clustering
technique from [76] to group functions into services. The
authors in [69] present an iterative algorithm to refine
identified services according to metrics of the service quality
attributes. The use of metrics allows for the definition of
a suitable granularity level. The method proposed in [77]
uses a genetic algorithm to ensure that identified services are
optimized regarding their design quality attributes. Design
metrics are defined based on the business goals for each
quality attribute. To optimize service granularity level, the
algorithm identifies Pareto solutions. In the context of multi-
objective optimization, Pareto solutions are better solutions
concerning at least one attribute. A set of Pareto solutions
represents a set of services. Then, fuzzy logic is utilized to
choose the set of services with a suitable abstraction level
according to business goals. Fuzzy logic allows users to
model imprecise or vague data [98]. Authors in [80] use
a Hybrid Particle Swarm Optimization (HPSO) algorithm
to optimize service granularity. The first step decomposes
the business process into elementary business processes
encompassing activities related to the same business entities.
Then, they build a value-based matrix representing the
impact (i.e., C.R.U.D) of the elementary business processes
on business entities. The HPSO algorithm computes the
semantic dependencies and affinities metrics to optimize the
clustering phase of matrix elements into candidate services

with the right granularity level. In [88], the authors identify
each pair of process activities, relations regarding goals,
business data, and process models. A genetic algorithm
aggregates these relations to show the total dependency
between the process activities. Each pair of activities is
clustered into a service based on their total dependency.
Authors in [62] use a multi-objective evolutionary algorithm
to resolve the issue of conflicting metrics for service
cohesion, coupling, and granularity attributes.

To define services with the right granularity, the method
in [93] decomposes aggregated services into more granular
services based on tasks to operate the consumption and
acquisition of economic resources8 through the collaboration
process.

In [71], the authors present an approach for identifying
microservices by analyzing business process elements’
dependencies. Then, they apply clustering techniques to
gather activities into fine-grained microservices. Authors
in [68] and [86], use a set of heuristics to build a candidate
services dependency graph. This graph is based on the
relationships among the elements of the PMs (e.g., activities
and flows) from which the candidate services are identified.
Then, a granularity map for candidate services is built.
Coarser-grained services are at the top level of the map,
while finer-grained services are at the bottom. In [75],
to obtain a suitable service granularity, authors suggest that
a service must at least comprise all operations performed by
the same actor and support all the operations to complete
business transactions.9 In [61], the method defines the service
granularity from a single or grouped task in the business
process models.

Authors in [60] identify activities and business objects
from the process model. They use semantic analysis algo-
rithms to derive both atomic and composite services. The
similarity between the two activities is based on the semantic
intersection between their actions/operations and the business
objects. Semantically intersecting activities are aggregated
into a single fine-grained atomic service candidate. Activity
groups related to the same business object group define
a composite service candidate. Business object groups are
semantically identical business objects.

In [28], the method defines the RESTful service scope
according to each task within the BPMN choreography
business process models. The approach in [1] derives a
service for each choreography task in the choreography
business process model. The service granularity is defined
based on the corresponding choreography task message
(e.g., One-Way, Request-Response). Defining service models
with the right granularity avoids the occurrence of service
antipatterns10 [5].

8Based on the REA ontology, economic resources are defined as objects
under the control of an enterprise that are scarce and have utility [38].

9A business transaction is a logical unit composed from a sequence of
activities that affect a business relationship between two or more actors.

10A service antipattern is a commonly used solution to solve a design
problem that may increase the design complexity.
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FIGURE 5. Automation usage among selected methods.

Authors in [72] identify and classify candidate services
into different categories based on their granularity layers.
Services in the upper layers are coarser-grained, while
services in the lower layers are finer-grained (e.g., pro-
cess services versus data or utility services). Birkmeier et al.
[70] apply heuristics to produce a hierarchy of service
candidates of different granularity levels. Reference [59]
uses a service typology to guide service identification with
the right granularity. The model defines four types of
services: Utility services, Entity services, Task services, and
Process services. Utility services provide shared functions
unrelated to business logic (e.g., authentication, encryption,
and logging). The functional scope of Entity services is
used to manipulate one business entity. Task services contain
specific business logic. Finally, Process services introduce
a level of abstraction to manage interaction details required
to ensure that service operations are executed in a specific
sequence.

To answer the research question RQ5 (What are the
methods that consider service granularity principal?),
our findings show that 21 methods from this SLR
selection use different approaches and techniques to
derive services with the right granularity level.

6) AUTOMATION LEVEL
Analyzing this criterion allows us to classify the methods
according to their level of automation to answer the research
question RQ6 (What are the levels of automation among the
available methods?).

Figure 5 shows a spectrum of automation levels among
selected methods. We distinguish three types of methods: i
) manual, ii) semi-automatic, and iii) automatic.

Several methods are limited to manual processing guided
by specific instructions. Manual methods rely heavily on the

designer’s knowledge and skills. Those methods are found in
the works of ([2], [33], [64], [65], [67], [68], [70], [74], [75],
[78], [79], [82], [83], [84], [85], [86], [87]).

The semi-automated methods use automation techniques;
However, they still require human judgment or intervention
to guide and launch the process. Semi-automatedmethods are
proposed in [1], [28], [32], [59], [60], [61], [62], [66], [69],
[71], [72], [73], [76], [77], [80], and [93].

Authors in [91] and [92] claim that their methods are fully
automated.

Further analysis of the methods reveals the variety
of automation techniques. Automation techniques use an
algorithm to partition, cluster, or aggregate process tasks and
activities into services. The methods that use such algorithms
to identify services are found in [32], [62], [69], [71], [76],
[77], [80], [81], [90], and [99]. Authors in [30], use an
algorithm that applies a set of heuristics to identify and
specify services from a GM. Other methods use algorithms
to automate theModel-to-Model transformations by applying
predefined mapping rules between elements of the business
models and their corresponding elements of the service
models. These techniques are used in the method proposed
by [59], [61], [73], [88], [89], [92], and [93]. The methods
proposed by [28] and [34], use automation algorithms to
perform semantic and syntactic analysis to detect specific
patterns that support the service specification and design
tasks. Likewise, authors in [1] use a semi-automated service
design method based on minimal domain expert involvement
to annotate the BPMN choreography business process
models.

To answer the research question RQ6 (What are the
levels of automation among the available methods?),
we identified 41% manual methods. The remaining
methods are either semi-automated (54%) or automated
(5%).

7) TOOL SUPPORT
The analysis of this criterion verifies whether the method has
a supporting tool to answer the research question RQ7 (What
are the methods that offer supporting tools?).

The data on selected methods indicate that only a few
methods provide tools for identifying and specifying services
from business models.

In [72], authors presented a tool for service identification.
The method in [34] implemented an online tool to support
the method’s transformations from BPMN to BPEL. Authors
in [59] developed a tool to support identifying business
entities, tasks, and process services.

The authors in [93] used OWL design-supporting tools,
namely XQuery and XML transformations and XSLT
technologies, to enforce the automation of the model
transformation.
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FIGURE 6. Input business model types.

In [69], authors developed a Java-based application to
support the service identification activities of the method.
Authors in [61] developed an application to handle service
modeling and model-to-model transformations. This tool is
based on the EclipseModeling Framework (EMF). It includes
a QVT transformation engine, the Eclipse SoaML plug-in
for service modeling, and the Eclipse SoaML2Code plug-in
to generate the code. Authors in [92] use a transformation
tool based on Eclipse ATL and Acceleo modules to perform
Model-to-Model (M2M) and Model-to-Text (M2T) transfor-
mations. In [28], authors developed the REST Annotator tool
to extract and analyze task labels. REST Annotator allows
the verification of similarities with REST verb synonyms
and generates a set of choreography diagrams enriched with
REST annotation.

Reference [91] developed an application to support cluster-
ing algorithms for identifying candidate services. In addition,
the tool offers a graphical interface that shows identified
clusters as service candidates.

To answer the research question RQ7 (What are the
methods that offer supporting tools?), we identified nine
methods (i.e., 22%) of selected studies that provide tool
support.

D. DISCUSSION
In the previous subsection, we used a set of quality criteria
to analyze and compare existing service design methods.
Our findings were used to answer each research question
from this SLR (see Table 2). As far as we observed, each
method was designed around various purposes, approaches,
and techniques.

Our analysis of input models used by the methods indicates
that PMs are the dominant model type. Figure 6 shows the
distribution of input model types used by selected methods.
We noticed that 37 methods (91%) use PMs as inputs. Among
these methods, six combine PM with GM as input models.
One method uses a PM and a VM. One method uses all
three model types. The remaining four methods use either
a VM (one) or a GM (three) as input models. According
to [60], their availability could explain the prevalent usage

of PMs as an input model. However, scholars have outlined
the contribution of GMs and VMs to reducing the gap
between service and business models [30], [33], [59], [93].
They argue that PM, GM, and VM models provide different
yet complementary views of business processes. The GM
articulates the motivation for the business process, while the
VM reveals its value chain. Using multiple business models
for service identification provides a comprehensive view that
aligns services with an organization’s business processes.
This approach captures various business perspectives from
the business models to enhance SOA service flexibility
and adaptability during shifting priorities. It also allows
service designers to find opportunities for modularization and
reuse of services, improving SOA efficiency. Additionally,
combining different business models balances fine-grained
and coarse-grained services, resulting in functional and
maintainable offerings that are technically feasible and
relevant to business objectives. However, despite all the
benefits mentioned above, using multiple models as input
requiresmore coordination and adapted techniques during the
service design steps.

All selected methods from this SLR cover at least the ser-
vice identification stage. We noted that 22 methods from this
SLR focus on solving specific service identification problems
without further details about how the service models will be
specified. On the other hand, other methods generate service
specification models described with different levels of detail,
ranging from a simple and informal list of candidate services
to more detailed service descriptions. In summary, a service
design method that includes identification and specification
offers a structured approach for developing service models
aligned with business models. This method ensures technical
accuracy and comprehensive documentation, facilitating the
transition from service identification to implementation.
By maintaining consistency between service roles and
their definitions, the method’s design stage coverage of
identification and specification enhances service quality and
precision in accordance with SOA principles. This leads
to more straightforward implementation, maintenance, and
scaling of services while reducing redundancy and alignment
challenges. Ultimately, these practices result in adaptable and
scalable service-based solutions.

One of the main objectives of the proposed methods is to
simplify the service design and reduce the time and effort
needed to derive services from business models. Analyzing
the techniques reveals that selected methods propose various
approaches to identifying services from business models.
These methods employ a domain decomposition strategy
to break the business model into smaller logical units,
such as Tasks/Activities, Messages, Workflows, Values, and
Resources [8]. When using this domain decomposition pro-
cess, it is essential to find an optimal way tomap the identified
business logic units from the business models into candidate
services. In the context of SOA, this mapping should consider
design quality principles, including cohesion, coupling,
and granularity. Consequently, the methods also explore
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various clustering techniques. Clustering involves defining
the scope of each service to optimize its quality, including
the appropriate level of granularity.

Service granularity is one of the service design challenges
identified by authors in [6]. This study’s data found 22 meth-
ods (49%) that support the service granularity principle.
We summarize our findings about the techniques used to
support the service granularity principle as follows:

1) Business model decomposition via an iterative pro-
cess to attain an optimal partitioning of business
capabilities into services [100]. However, candidate
services extracted from domain decomposition without
further refinement are likely to generate SAO design
antipatterns such as ‘‘God Object Services’’ or ‘‘Tiny
Services’’ (see [5]).

2) Service classification is performed after the domain
decomposition activities. Thus, designers classify ser-
vices into different typological schemes or a hierarchi-
cal taxonomy [101]. Service hierarchies are organized
from fine-grained to coarse-grained services. Atomic
services are composed to form new coarse-grained
services. Service typologies are based on business
process elements such as activity and task services,
entity and data services, and utility services [9]. Their
granularity level is defined according to their related
business process element (e.g., task, data).

3) Clustering of services is done by using optimization
algorithms, dependency graphs, and CRUD matrices.
These techniques aim to optimize the dependency
ratios among identified services by utilizing structural
and semantics relationships between business model
elements such as tasks, entities, and goals. According
to [62], service granularity optimization algorithms
fall into two categories: deterministic and nondeter-
ministic. Deterministic algorithms present a specific
service design (e.g., [69], [76]). Nondeterministic algo-
rithms use heuristics or meta-heuristic optimization
algorithms (e.g., genetic algorithm or particle swarm
optimization used in [77], [80], and [88]). Using opti-
mization algorithms requires the definition of metrics
to guide the design process in shaping high-quality
services in accordance with SOA design principles.
Thus, the performance of the used algorithms depends
on well-defined inputs and the quality of the business
process analysis.

4) Semantic and syntactic analysis of the businessmodels’
textual and structural data is conducted to detect
similarities and patterns. Tasks and process activities
are clustered into services based on their affinity.
However, this technique depends on the accuracy of the
synonyms.

5) Building a choreography business model. The granu-
larity level is set to choreography tasks.

6) Using business patterns or workflow patterns to
determine the service scope of functionalities.

Optimizing service granularity of identified SOA services
improves performance, reusability, scalability, maintainabil-
ity, and alignment with business goals [60]. This optimization
allows services to function in a balanced, efficient manner,
enhancing the overall agility and responsiveness of the
service-based solution while reducing operational costs and
complexity. However, each one of the techniques used by
the available methods has its strengths and weaknesses [62].
These techniques can be combined, optimized, and refined to
achieve a better design outcome.

Supporting detailed specifications of service models is an
important quality criterion for design methods. Service spec-
ification models define a service’s functionality, interface,
and requirements at different levels. Service specifications
provide high-level requirements and an overview of the
service, including its inputs, outputs, and primary functions,
without detailed implementation information. In contrast,
detailed specifications comprehensively define functionality
and technical aspects, including exact data formats, protocols,
error handling, security requirements, and performance
constraints. These are designed to guide developers during
the implementation and integration process, ensuring consis-
tency and completeness.

Existing methods use various techniques that permit the
derivation of detailed models which specify the services’
structures and behaviour. Our findings show that only 15%
of the selected methods provide techniques to support such
design detail. Yet, we observed that when using syntactic
and semantic analysis (like in [28] and [60]), the quality
of the generated service model depends on the accuracy of
synonyms. Moreover, when using a model-to-model (M2M)
transformation or specifying service details based on the
default CRUD operations (such as in [32], [59], and [79]),
the generated service models lack business semantics.
Conversely, using an approach that adopts the design best
practices, such as patterns11 could enhance the design quality
of the identified service models. Patterns are designed with
flexibility, enabling systems to adapt more easily as business
needs evolve. They provide effective solutions in a structured
and reusable manner, enhancing both the reusability and
efficiency of the services.

Another criterion that impacts the quality of the method
is the adoption of SoaML to support the activities of service
modeling and design. SoaML provides the means to generate
a comprehensive service architecture model that provides
details about the service attributes, interfaces, messages, and
detailed operations. Methods that generate service models
using SoaML leverage its support of both the technical and
the business perspective by describing the capabilities of
organizations, communities, and systems [53]. We found that
32% of the existing methods have adopted SoaML since its
standardization by the OMG in 2011. However, we noticed
that the methods do not utilize the full potential of SoaML to
generate SOA architectural models.

11Patterns are good solutions to recurring problems [5].
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Automation of design tasks is a challenge for existing
methods. Automation uses different techniques, including
algorithms, transformation tools, and heuristics. Algorithms
are used to automate service quality attribute optimization,
semantic and syntactic analysis, pattern detection, and rule-
based transformations. Even if recent methods are invested
in implementing automated and simplified design techniques,
manual tasks and complex approaches are still used. Manual
tasks involve the designer’s know-how and costly resources,
leaving room for human errors to affect the quality of the
extracted services. Thus, adopting automation techniques
improves the quality of the methods. However, when kept
to a minimum, balanced user involvement is needed to bring
the business domain inputs to align generated service models
with supported business models.

Furthermore, providing tool support helps users perform
design activities in a structured and automated manner while
avoiding human errors. A tool facilitates the implementation
of the method and its adoption by the organization. Summa-
rizing the above discussion, as observed in this SLR, existing
methods still cover the design stages only partially and do not
adopt design best practices, automation techniques, or tool
support. Therefore, improvements are required to enhance
their usability and design quality.

Although some studies have focused on specific issues
like granularity optimization, service identification, and
automation, a closer look at the data from this SLR highlights
evolving trends among recent proposed methods. New meth-
ods tend to increasingly adopt more of the quality criteria
identified in this study. However, future methods must be
fully implemented, and quality criteria must be combined to
improve service design. For instance, effectively covering the
service design cycle requires detailed specification support to
realize its full benefits. This also involves optimizing service
granularity and supporting the SoaML language to enhance
the quality of service models.

Furthermore, utilizing best practices such as patterns
can improve the alignment of derived service models
with business models. Patterns offer several advantages,
including reusability and flexibility [5]. The use of SoaML
and patterns simplifies method design tasks and pro-
motes agility. Additionally, automation and tool support
are essential for enhancing usability. These tools offer
practitioners–such as solutions architects, business archi-
tects, and application architects–an easy-to-use interface.
method for deriving SOA architectural models from business
models.

VIII. THREATS TO VALIDITY
Threats to validity in a systematic literature review (SLR)
can compromise the credibility of the findings. We identified
multiple validity threats to this SLR, focusing on the accuracy
of the findings within the context of the reviewed studies.
The identified threats are related to selection bias, inadequate
search strategy, publication bias, data extraction, interpreta-
tion bias and temporal bias. Addressing these threats is crucial

to ensuring the rigor, reliability, and generalizability of the
findings.

A. SELECTION BIAS, INADEQUATE SEARCH STRATEGY,
AND PUBLICATION BIAS
Threats related to selection bias occur when studies are selec-
tively included or excluded based on subjective preferences
or unintentional biases. This can lead to non-representative
findings, the omission of relevant studies, or the inclusion
of less relevant ones. To mitigate selection bias, we cast a
wide net, using a comprehensive range of databases related
to studies in information systems management and computer
science. Furthermore, we predefined explicit inclusion and
exclusion criteria in a well-defined protocol and applied them
consistently across the studies. We also screened the search
strategy by peer reviewÂ to ensure it covered all relevant
sources.

Threats from an inadequate search strategy arise from an
incomplete search strategy that might miss relevant studies,
leading to a non-representative selection. Publication bias
threats occur when studies with significant or favourable
results are more likely to be published, which can skew
results. Thus, due to the variety of search strategies, the use
of heterogeneous keywords, and the limitations of using a
lengthy search string, we faced some challenges in finding
possible related studies. To overcome this, we defined a
comprehensive and transparent search strategy and used
the reference management guidelines of each database. Our
search strategy was enriched by using various synonyms
and acronyms of the keywords to build customized search
strings and running multiple query tryouts using multiple
databases to find the most significant number of related
studies. In addition, we used cross-referencing to perform
forward and backward snowballing searches and extend our
selection to any additional studies we may have missed in the
database search results.

B. DATA EXTRACTION BIAS
Common threats from data extraction bias are variations
in how data is extracted, which can lead to inaccuracies
or selective emphasis on specific results. To minimize
this risk, we fostered a collaborative environment where
multiple reviewers performed data extraction independently.
A standardized data extraction process was used to ensure
consistency in capturing relevant information from each
study. Any discrepancies in data extraction were discussed
and resolved through consensus among the reviewers. This
approach reduces bias and errors, ensuring a comprehensive
and balanced review.

C. TEMPORAL BIAS
Other threats to this SLR finding are contextual and temporal
limitations. The findings from this SLR may be influenced
by temporal bias since the time frame of the included
studies covers nearly two decades. To mitigate these threats,
we conducted a temporal analysis to examine trends and
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identify whether there are any significant changes in the field.
This approach helps ensure that the review reflects historical
and current developments in the field of SOA service design.
It is worth noting that related studies published after our
selection process are missing.

D. INTERPRETATION BIAS
Interpreting the findings can be subjective, leading to
inconsistencies and potential bias in the results. In this
SLR, we carefully interpreted our findings within the
limitations of the selected studies to mitigate the threats
of interpretation bias. This study is limited to methods
for service identification derived from business models.
Therefore, our findings cannot be generalized to all SOA
service identification method types.

Incorrectly inferring causality from available data is
an identified threat that can compromise the accuracy of
conclusions drawn from this SLR. We admit that some
variations and inconsistent definitions of SOA concepts
used by scholars can threaten the validity of our synthesis.
However, to mitigate this, we relied on well-established
concepts from SOA principles and frameworks [20], [23],
[47], [53]. These concepts provide a solid foundation for
discussion and interpretation of our findings. Additionally,
we focused on specific quality criteria to compare the
methods and ensure the pertinence of our findings. However,
we don’t pretend that our criteria selection covers all aspects
of an efficient SOA service design method.

In summary, addressing the above-mentioned threats helps
enhance the validity of this systematic literature review,
ensuring the findings are accurate, reliable, and unbiased.

IX. CONCLUSION AND FUTURE WORK
The emergence of SOA architectural style is a turning point
for IS design and development [19]. SOA supports technical
and business perspectives while defining quality design
principles to promote the alignment between business models
and service-based software solutions [23]. Deriving quality
services from business models is a complex task that presents
several challenges [6]. To overcome these challenges, several
methods were proposed to identify and specify quality
services from business models. In this work, we used a
structuredmethodology to conduct an SLR about themethods
that derive SOA services from business models. While this
SLR surveys existing methods to derive SOA models from
business models, it also provides architecture practitioners
(e.g., solutions architects, business architects, and application
architects) with tools to build effective SOA-based software
solutions.

We selected forty-one articles from the literature and
compared their characteristics according to selected quality
criteria. We used the results from the SLR to answer the
research questions. Our results show that existing methods
present several limitations concerning the selected quality
criteria. To summarize, our conclusions are fourfold:

• The existing methods offer different SOA design life
cycle stage coverage levels. Hence, to enhance the
quality of the design process output and promote the
alignment between service models and their supported
process model, a method must provide comprehensive
process identification tools and support the detailed
specification of services. Detailed specification models
include details about the structure and behaviours of the
services.

• A lack of automation and reliance on user involvement
justify the need to design a method that requires minimal
contribution from the designer’s know-how to avoid
human errors [15]. The novel approach must consider
design best practices and easy-to-use techniques to
identify and specify service models.

• Service granularity affects the quality of the architecture
design of SOA services [60]. To improve service design
quality, methods must define an optimal granularity
level while avoiding anti-patterns and promoting reuse.

• The methods deriving services from business models
promote the reuse of the business knowledge and
semantics embedded within the models [29], [33]. This
will better align designed services and their supported
business processes [102]. Hence, linking business goals
with generated service models will help the organization
to evaluate the impact of derived services on achieving
the business goals [30], [33].

This paper’s findings will assist both the industry and
academia in identifying current challenges and planning
future research directions. It sets the scope for research
projects to develop a novel method for deriving services
from business models and helping organizations support their
processes to achieve their business goals. Moreover, future
research should consider creating new tools and method-
ologies that utilize and combine the set of quality criteria
from this SLR to enhance the service design process and its
outcomes. The expected method will ease the complexity of
the current design process, enabling service-based solutions
to meet the SAO principles for service design. Consequently,
it will help business and industrial applicationswhile bridging
the gap between IS solutions and business requirements.
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