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Abstract

Organizations’ business processes need to be adapted in response to changing internal and external environments, which are
becoming increasingly complex. We target in this research work the exploitation of a software capability profile based on
requirements engineering and enterprise architecture to respond to stakeholder requirements and efficiently reuse existing
technical solutions. We propose in this work an exploitation methodology based on the alignment of enterprise architecture
actions with a requirement engineering process. These latter evolve together helping to investigate the highest compatibility
of the desired functionalities and their related constraints. Our contribution aims to produce a ready-to-use application based
on the defined requirements and the selected software capability profiles for accelerating business application development.
Implementation and a case study are proposed to demonstrate the effectiveness of this approach.

Keywords Enterprise architecture - Capability profile - Requirements engineering - Service reuse - Software reuse

1 Introduction

Modernizing or designing a new business process by reusing
the functionality of existing software can be of great benefit to
organizations. Leveraging previous developments and con-
sidering internal company solutions enriched with external
ones, can help facilitate the development of complex systems
at controlled costs while maintaining delivery times.

When developing a software, the first thing to do is to
understand and describe in a precise way the problem that
the software must solve. Requirements for a targeted sys-
tem describe what the system should do, what the services it
should provide, and what quality or constraints it must have
to make it attractive and acceptable to the owner [1]. These
requirements reflect the needs of customers for a system. The
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process of analyzing, eliciting, and checking these services
and constraints is called requirements engineering [2].

To maximize the reuse opportunities for companies, a
component view with a concise evaluation model of soft-
ware components (that describe in detail the capabilities of
software) provides an overview of existing solutions and
facilitates the discovery, selection, and decision to reuse [3].
This, combined with an organization of the different artifacts
(an artifact is a more granular architectural work product
that describes an architecture from a specific viewpoint.
Examples include a class diagram, a server specification, a
list of architectural requirements, etc.) resulting from this
evaluation model, aligned with a requirement engineering
approach, aims to reduce the complexity when searching and
selecting software components to reuse. In addition, focusing
on service-oriented solutions, many opportunities for reuse
of functionality will arise, resulting in more efficient use of
existing resources.

To reduce the complexity of the description of software
components that result from the evaluation model and to
present the required detail of information at each level of its
exploitation, enterprise architecture is of great value. Enter-
prise architecture (EA) is the definition and representation
of a high-level view of IT systems and enterprises business
processes. By considering an enterprise architecture-based
approach, it is possible to organize the different artifacts in
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a way that enables to analyze the reuse possibilities for an
organization, and ensure the feasibility of a targeted system or
project. The insights or information provided by an enterprise
architecture is needed, on the one hand, to determine, from a
business perspective, the needs, and priorities for change [4]
and, on the other hand, to organize the various components
and technical artifacts and assess how an organization can
exploit them.

With reference to this context, this research is an extended
work of an already published work in [5]. The latter was
focused on the design of a software capability profile
implemented as a semantic model to gather description of
the capabilities of existing solutions from several perspec-
tives (organizational, business, technical and technological
aspects). For the sake of readability, the proposed model and
contributions published in [5] are presented in the follow-
ing sections, as well as the new contributions related to the
exploitation of the capability profiles through the alignment
of a requirements engineering approach and an enterprise
architecture method. As discussed earlier, the objective of
this research work is to leverage the model already published
in [5] to address stakeholder requirements and efficiently
reuse existing solutions, by investigating the highest func-
tional and non-functional compatibility of existing software
capability profiles with stakeholder’s desired features to be
implemented. The expected result from this work is an
exploitation process of the software capability profiles, based
on the architecture development method from TOGAF [6],
aligned to arequirements engineering approach implemented
using Volere Specification [1]. However, the problem we
faced is how to align requirements and architecture artifacts
in an engineering cycle, to help in the refinement of require-
ments and select the best candidate components to serve as
building blocks in a new system?

To respond to this research problem, this paper is orga-
nized as follows: Section 2 focuses on the related work. We
focus afterward on the principal building blocks of the pro-
posed solution and present first the Enterprise Architecture
Capability Profile (EACP) in Sect. 3. Section 4 presents a
concrete use-case scenario on which this approach has been
applied and that serves as an example throughout the descrip-
tion of the exploitation process in Sect. 5. Section 6 presents
an implementation of the proposed approach. Section 7 dis-
cusses our work, and finally, a conclusion is drawn in Sect. 8.

2 Related work

2.1 Requirements engineering in software
development process and service reuse

Classical techniques for software solution specification are
structured analysis and object-oriented techniques [7]. The
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view of requirement engineering as solution specification is
taken by the IEEE 830 standard [8] and by other authors on
requirements [1,9]. In this view, and as mentioned by [7], a
requirements specification consists of a specification of the
context where the system operates, desired system functions,
semantic definition of these functions, and quality attributes
of the functions.

Several research works and methods ([10,11] or [12]) exist
in the literature to enhance software requirement specifica-
tions and for feature selection. Robertson and Robertson [1]
propose Volere as a basis for a requirement specification. Itis
aresult of many years of practice, consulting, and research in
requirement engineering and business analysis. Volere pro-
vides template sections for each of the requirement types
appropriate to today’s software systems. Xu et al. [13] pro-
pose a paradigm for software service engineering to reuse
services for developing new applications more rapidly with
the aim of satisfying individualized customer requirements.
The proposed approach uses service context as a mediating
facility to match a service requirement with a service solu-
tion. The requirements are defined by the targeted business
functionality, service performance, and value. However, no
details about the service pattern description or repository, the
requirement template nor an implementation of the approach
are proposed. Chen and He [14] propose a method that allows
users of services to express their requirements. The authors
propose a meta-model for elements required in-service con-
sumption, such as process, goal or role. The proposed method
helps to discover errors and conflicts during requirement
refinement. Zachos et al. [15] propose a service selection
algorithm based on textual requirement expressed by the ser-
vice consumer. The service selection is based on a discovery
algorithm, which uses XQuery and WordNet and focuses
on the disambiguation and completeness of the requirements
and retrieving discovered services from UDDI registry. There
are additional ontology-based research works such as [16],
where the authors took the CORE Ontology (for Core Ontol-
ogy for Requirements) [17] for requirement elicitation, and
established a relationship with the concepts of Web Service
Modeling Ontology (WSMO) [18].

2.2 Knowledge management and service
repositories for service reuse

Research on repositories for an effective and useful manage-
ment and discovery of services for service-oriented paradigm
has recently earned significant impulse. Some specifications
as UDDI[19] orebXML Registry [20] have provided primary
support to register, discover and integrate services. Due to
limited capabilities offered by existing registry specifications
for services discovery, some research works in the literature
aim at improving service repositories with ontology-based
discovery facilities. Later, semantic models have been pro-
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posed to enrich service registry with semantic annotations,
combined with matchmaking algorithms to match service
capabilities.

Based on the systematic analysis of relevant research
works regarding service discovery with consideration of our
needs, Table 1 classifies the related service registry and
discovery works published between 2002 and 2019 accord-
ing to the following criteria: (C1) Organizational level:
exploitation based on the identification of the stakehold-
ers, business problems, goals, and objectives of the targeted
project. (C2) Functional level: exploitation based on ser-
vice interfaces, the business functions and related inputs and
outputs. (C3) Technical level: exploitation based on the iden-
tification of relevant technical requirement, interoperability
requirement and technology constraints. (C4) Technology
level: exploitation based on the identification of the platforms
and infrastructure. (C5) Non-functional properties (QoS,
Security...). (C6) Exploitation based on a Requirements Engi-
neering Process (it involves all the mentioned levels)

Out of Table I, we notice that several research works
considered the functional level and QoS to manage service
repository and matchmaking, but few of them considered the
other levels such as the organizational level, the technical or
technology level. We notice also that few research works con-
sidered the exploitation of the service registry in a software
engineering cycle using a requirement engineering process
to manage the user requirements for service discovery and
matchmaking. Software architecture helps to manage the
complexity of software by providing an abstraction of the sys-
tem. Requirement engineering process drives the architecture
actions, whereas decisions made in the architectural phase
can affect the achievement of initial requirements and thus
change them. We should go through these two fundamen-
tal activities, namely requirement engineering and software
architecting during the engineering process. These activi-
ties should evolve together to offer support to the developer
or architect for formalizing the requirements and architec-
tural artifacts to enable software and service discovery and
reuse. There is, however, no structured solution (as depicted
in Table 1) on how to perform the co-development of require-
ments and architecture actions to select the suitable software
or services to reuse for the development of new business
software.

2.3 Scientific relevance and discussion

From the state of the art on service-oriented software reuse,
we analyzed that currently ad hoc methods are still used
to identify the most suitable service-oriented software or
artifacts to reuse, and a methodology or standardized pro-
cess enabling this is still missing. Moreover, the description,
the capability, or qualification of these software are lacking
wider view qualification taking into consideration the busi-

Table 1 Service repository and discovery for reuse

Service repository and discovery ClI C2 C3 C4 C5 C6

[21-33] +

[15] + +
[34] +

[35-37] +

[38-40] + @
[41-43] +

[44,45] + (+)
[46] + +

[47] + +

(48] + Co)
[49] + +

[50] + Co)
[51] +

[52,53] + + +

[54] + + (+)

ness, operational, and technical views of the software and
their related services [5]. In addition, no solution has been
provided to fit the requirements engineering along with the
impact of architecture on requirements when dealing with the
identification of the most suitable components and avoid the
misevaluation during the selection phase. Therefore, enhanc-
ing the capability description of the software and its related
services in different levels of service description, along with
its exploitation based on requirement engineering and archi-
tecting actions, is a big challenge. This analysis highlighted
the need for an Enterprise Architecture-based methodology
for describing and classifying different artifacts to be avail-
able as building blocks for reuse in future projects.

From the above analysis, we propose the following
research directions: (i) improve software and related service
capability profile to bring value-in-use of the qualified fea-
ture for an organization that is interested into reuse; (ii) shape
a mechanism to identify the most suitable software with spe-
cific features or functionalities helping to overcome the use
of ad hoc methods; (iii) improve the reuse of service-oriented
solutions by considering a process that includes requirements
engineering and enterprise architecture for formalizing the
requirements.

3 Qualification model—software capability
profile

To bring the value-in-use of existing software and facili-
tate the discovery and reuse, we present in this section the
meta-model of the software capability profile (see Fig. 1)
and its related EACP Ontology that is presented in detail
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Fig.1 Proposed meta-model

in [5] and depicted in Fig. 2. The meta-model is inspired
mainly from TOGAF [6], ISO 16100 [55], Microsoft Appli-
cation Architecture Guide [56] and ISO 25010 [57]. It aims
to gather functional and non-functional specifications; the
organizational impact of an organizations’ software; it links
the business services to their related physical components
to offer a wider view qualification and improve the reuse
when developing a new business application. The proposed
meta-model is composed of six packages. (i) Organiza-
tion package: Composed by the organizational unit, with its
related business goals and objectives that guided the develop-
ment of existing software. (ii) Architecture building blocks
package: This entity is constructed according to the life-cycle
creation of architecture building blocks (ABBs) based on the
ADM method. An ABB describes the business problem for
which this component was developed for, its implementation
specification, standards used, the stakeholders concerned.
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It provides other details such as the operational vision of
the component, the definition of the business function of
the ABB, its attributes and constraints, data and applica-
tion interoperability requirements and design-time quality
attributes. (iii) Solution building blocks package: SBBs rep-
resent the physical equivalent of ABBs and describe the
components exposed by software. The SBB is linked to
the exposed service or API, for instance, over the web in
case of a REST-based application. This latter is defined by
the URI, the HTTP method needed to get access to the
resource, the related parameters and the serialization used
in communication (for instance JSON). It defines run-time
and transversal quality attributes, which might be updated
according to the defined frequency for each attribute. (iv)
Application package: Describes the technical requirements
of the service-oriented software in general with its exposed
components (for instance, REST services). It also describes
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Fig.2 Basic pattern of the main classes and relationships in the EACP ontology

the execution environments on which the application is run-
ning. (v) Business process package: This package is used
in the exploitation phase and represents the “to-be” busi-
ness application to realize. (vi) Requirements package: This
package is used in the exploitation phase and represents the
requirements elicitation process, helping to guide the devel-
oper or the architect during the engineering life cycle. The
requirements are elicited in each phase of the ADM, going
from the definition of project driver to the definition of the
use cases and requirements in different levels.

The resulted EACP profile instances are saved in a
semantic repository called in this context the Enterprise
Architecture Knowledge Repository (EAKR repository) as
an ontology instance. Regarding the design effort of the
EACP Ontology, we identified from state-of-the-art solu-

tions some existing ontologies to reuse. We have selected
those that cover some of our needs and that are well-defined,
consistent, and reused in other projects. We selected Basic
Formal Ontology (BFO) which is a top-level ontology and
four domain ontologies, namely Ontology Web Language
for Services (OWL-S) [58], The Open Group Architecture
Framework ontology (TOGAF-Ontology) [59], BPMN 2.0
Ontology [60] and Information Artifact Ontology (IAO) [61].
Third, we managed the selected foundational and domain
ontologies, by integrating and extending in a coherent way
the different ontologies into the targeted EACP ontology
using the Protégé Ontology Editor. Finally, we evaluated the
consistency of the resulted model using the Fact++ reasoner.
An extract of the related Ontology to EAKR repository is
presented in Fig. 2.
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Fig.3 Screenshots of the targeted business application

The scope of this paper does not concern the presenta-
tion of the qualification model and the design of its ontology
mentioned above and presented in [5]; however, the elements
presented above are enough for the understanding of the
exploitation phase that will follow.

4 Use-case scenario

This section presents the use case that will serve as an exam-
ple for the description of the following exploitation process.
This use-case scenario involves two companies. The first
company is specialized in plastic manufacturing, and the
second in metal manufacturing. Both companies have signif-
icant expertise in engineering and transforming plastic and
metal, respectively, parts using several technologies. Their
key business issue is the difficulty to detect the most appro-
priate business collaboration opportunities among common
customer projects. Starting from a computer-aided design
(CAD) description of customer projects, the companies con-
sortium needs to quickly detect the set of projects that they are
enabled to produce. The proposed use-case aims to accelerate
and maintain a collaboration channel in two complementary
business domains. The objectives are to reduce project quota-
tion costs and reduce the delay of customer quote treatment.

Currently, clients send product requests to one of the
companies in the form of CAD/PDF files. Then, the cho-
sen company decomposes all the projects features (e.g.,
parts, dimensions, type of surface, and type of raw mate-
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rial) to understand customer needs to verify the feasibility
of the product, and to determine the relevance of the busi-
ness opportunity in terms of return on investment. After
the decomposition and if there is a need for subcontract-
ing (especially for multi-physical and complex products),
the two companies will carry out a succession of negotia-
tions, explore several ways to reach the clients requirements
and submit their best offer to the client. For this purpose,
we derive from this use case all needed requirements that
we need to discover existing technical services that allow
to reduce cost and development time. In what follows, we
present how the developer goes through an architecture and
requirement elicitation process to discover existing services
and develop the needed business application. We present an
example of the inputs needed in each phase of the exploitation
process. A screenshot of the developed prototype is presented
in Fig. 3.

5 Exploitation process

To design a new business application reusing technical ser-
vices from the EAKR, the architect or developer goes through
a requirement elicitation process. This process depicted in
Fig. 4 is structured in several phases starting by the architec-
tural vision, going through the business architecture, data,
application, and technology architecture phase, leading to
the generation of an implemented BPMN which uses the
qualified services if a match confirmed. In the following sub-
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Fig.4 Exploitation plan

sections, we describe the actions to realize in each phase,
enriched with a concrete example from the use-case scenario
to strengthen the understanding. Templates in JSON format
are also proposed to formalize the architecture artifacts and
requirement specifications in each phase.

5.1 Phase A: architecture vision

The objective of this phase is to develop a high-level vision
of the business value to be delivered as a result of the project.
This phase is mainly focused on gathering the business goals
and related objectives of the targeted project. Other archi-
tecture artifacts are used to structure the project drivers,
such as the identification of stakeholders, definition of the
organizational model of the company, and KPIs enabling to
evaluate the targeted business application. Based on the archi-
tectural artifacts of phase A (see Fig. 5 for the exhaustive
list—column ADM artifacts), we fetch requirement patterns
(see Fig. 5 for the exhaustive list from Volere specification—
column Requirements) produced during previous projects to
guide and support the developer for the upcoming require-
ment definition. If a template is found, it is presented to
the developer. In addition to the architecture artifacts, the
developer formalizes his requirements by defining the project

drivers such as the business actors, the client, and customer
if applicable. These inputs help to consolidate the elicitation
phase and redesign his requirements before going further
in the process. All the artifacts once validated are saved in
the EAKR to be reused as requirements templates in future
exploitation process.

Figure 6 illustrates an example from the use case with
some proposed architecture artifacts and requirements for
phase A. The main inputs are the definition of business goals
and objectives of the targeted system, along with stakeholders
that define people who have an interest in the targeted system
and whose inputs are needed to build the product.

5.2 Phase B: business architecture

The objective of this phase is to develop the target busi-
ness architecture that describes how the enterprise needs to
operate to achieve the business goals previously defined and
responds to stakeholder concerns. This phase focuses on the
business side and supports the developer or architect to pre-
pare all required inputs which are presented in Fig. 7.

The most important architectural artifact in this phase
is the high-level business scenario. This is designed using
BPMN which is a standard language for business process
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modeling. This first high-level modeling is designed using
ArchiMate! which is recognized as a standard for EA mod-
eling by the Open Group [62] and that supports business
process modeling. This high-level modeling helps to define
the business-entity relationship to know which entities are
needed for every business action or behavior.

This business model is enriched with other architectural
artifacts (see Fig. 7 for the exhaustive list—column ADM
artifacts) such as the actor catalog updated with their related
roles, and the definition of the architecture requirements
specification which form a major component of an imple-
mentation contract and provides quantitative statements as
required in ADM Phase B outputs. It requires the definition of
the implementation specifications to guide the development
work, implementation standards in case the implementation
should follow some specific standard. Figure 8 depicts the
model of some architecture artifacts managed during this
phase and shows an example of the proposed template for
some of these architecture artifacts.

Once these elements are defined, a request is sent to the
EAKR to fetch requirement templates of phase B produced
during last projects to be reused. The aim is to guide the
developer to define the project constraints and the func-
tional requirements as depicted in Fig. 7 and inspired from
Volere specification (column Requirement). The resulted
templates from the request (if any) present the scope of pre-
vious projects sharing the same context, the existing business
events connected to the actual business scenario, the use cases
of the project or solution, and a set of functional requirements

! https://www.archimatetool.com/.

related to the selected use cases and their type, i.e., service
type component related to an SBB or user task activity if it is
auser action. Figure 9 depicts the model of the different arti-
facts that may result from the EAKR and shows an example
of the proposed template for some of these artifacts.

These resulted templates are presented to the developer
to guide him during this phase B for the consolidation and
refinement of his requirements. It helps to offer support for
defining and consolidating the use cases and related func-
tional specifications. The proposed template is inspired from
the Atomic Requirement Template, which is proposed by
[1] and depicted in Fig. 10. This phase B ends with well
formalized, testable, and categorized as user or service task
functional requirements.

5.3 Phase C: information systems
architecture—data architecture

The objective of Phase C is to develop the targeted infor-
mation system architecture. It involves a combination of
data and application architecture. Therefore, this phase is
composed of two sub-phases, the data and application archi-
tecture.

Data architecture phase enhances the definition of the rela-
tion between data entities and targeted business functions
previously defined in phase B. We have already depicted in
Fig. 9 the models that enable to link data entities associ-
ated with each business function. Then, the needed action
in this phase is to define the properties of each business
entity involved in the business functions using relevant data

@ Springer


https://www.archimatetool.com/

48

A.Belfadel et al.

Stakeholder
+id
+ name
+ group <
+ class
+ power
"businessActors™: | L ‘
"businessActors”: {
"businessActor": {
"name”: "Abdelhadi",
“description”: "production_process_operator”
"actorTask": "production_operator”,
"roles”: "production_operator”

}

s

1@ “"constraints": {

11 "splutionConstraint™: {

12 “description”: " Use internal LxP ERP
database for production capacity evaluation”,

13 "severity": "1",

1 “"owner": "CO0"

Project Driver

1.7 | * list<Stakeholder>
+ list<businessGoals>
+ list<busi Objectives>

+ workScope
+ list<KPls>
+ list<businessUseCases>

[[1'-‘]

BusinessUseCase

+id

+ name

+ description

+ businessEvent

+ businessActor

+ list<AtomicRequirement=

+ list<FunctionalRequirement>
+ list<TechnicalRequirement>
+ list<NonFunctionalRequiremen
+ list<Constraint>

+ listeDataEntity>

“businessUseCases”;. { @ 1
\
"businessUseCases": {
"businessUseCase": {
id: 1,
name: "upload project”,
description: "project details and
documents using a form"

}J
"businessUseCase": {
id: 2,
name: "Capacity report”,
description: "start the evaluation of
the project”
}

Fig.8 Example of architecture artifacts managed during phase B and related model

models such as the class diagram in the Unified Model-
ing Language (UML). To this end, we propose templates
based on the proposed models for the definition and for-
malization of the data entities involved in a business func-
tion. An example related to the use case is depicted in
Fig. 12. The left side of the figure depicts the definition
of a class model, and the right-side links an entity with its
attributes to a specific business function where the entity is
used.

Additional architecture requirements specifications are
as-well formalized such as Data Interoperability or Technol-
ogy Architecture Constraints (see Fig. 11 for the exhaus-
tive list—column ADM artifacts). These constraints have
the same description template as for requirements. The
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data interoperability requirement is needed to formalize
specific needs for security policies as for example input
validation or for data format and serialization. Regarding
the technology architecture constraint, it helps to iden-
tify constraints on the infrastructure about to be designed
(Fig. 12).

During this phase, architecture artifacts and requirements
are defined at the same time because we are reaching the
low-level description regarding the business application to
develop. Based on these inputs, we fetch and map in the
EAKR the ABBs and business functions using the defined
data entities, and which are compliant with the constraints
if defined (see Fig. 13-left column for an ABB template
example). The related SBBs and their corresponding techni-
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Stakeholder Project Driver
+id [+ BsteStakehalders
+ name + IstehusmessGnals>
+ group g _# list<businessObjectives>
# class + warkScope
# power + list<KPls>
+ IstebusinessUseCases>
1.7
BusinessUsaCase
+id
* name
DataEntity ) + Seacaiption
+id 4 businessEvent
+ name '—] * businessActon
+ description + list=AtomicRequirement>
+ list=Attributes + ist=FunctionalRequirement>
- + list<TachnicalRequiremants
* ist<interoperability Reguirement:
+ istsNonFunctionalRequirement
& =t Q
# list<DakaEntity>
-1
FunctionalReguirement
+id I
+ name +id
+ description . * type
+ rational R G
'+ fitCriterion | + description
+ type + rational
+ inputs: list<DataEntity= * Nicritarion
+ outputs: list=DataEntity>

1 “husinesclsaCase™: |
{
*id"18,
“actaric™:@,

“description”:"upload Froject”,

15 “constraintmap®:[
= & T

3 "datafstity™: [8,1] n
1 1
{ 2
p Iy 1S 1
1] “@torld”il, 124
11 “daseription”"Capacity Repaet", s
1 “dataEntity”: [1]
L e
{ 20
"Lt
£ “actorld
“description®:“Motify Decision”,
“dateEntity”: [0,1) £
11 i 29
CI | it
1 : 1
2 “datagntityMap®:|
ed 1
2 "id":a,
2 “raea” :"Project”,
26 “gescription®:“Froject Entity”,
2?1
{ 2
a1,
“rase” :“Cocument” 6 ]
11 “description”:“Docusent Entity” L3 '
1 H 138 ]
| -

TwenTemle| W

Constraint

“nama® " Inplementation Standasd®

“FenctionalReculresant™: |
“1d":s,
“ussCase” :“Copacity Report®,
“description”: "The application
shall viswalize the 0 medel of
the STEP File®, 3
To evaluate the 30 3

“rationale”:“Te
Vioclel ®,
"fitCritecion":"The 10 Model susk
be TS50 18383 standard compliant™,
"originator”:"Abdelhadl”,
“tyvpe it seryice®

1

"deseription” :"The STEF Flle of the
submited project shall be in IS0 =
18383 standard format®,
“rotionale':"88 use this file format
in thelr cab to work with 3D scdels”,
“EitCriterdon®: “The STEP File wust bo
IS0 18333 standard coapliant®, =
“originator® ;“abdelhadi®

Fig.9 Example of requirement artifacts managed during phase B and related model

cal components are gathered to highlight potential problems
of integration and are presented in the proposed template

depicted in Fig. 13-right column. The related models of ABB,

SBB, and application package are already described in Sect. 3

and in [5].

fentoralbapieresn | &

“functionalfequiresents™: [

"1d18;

“useCase” :“Upload Froject”,

“descripticn”:"a cestoses shall fill his praj
dotails and docuserts using & form®,
"ratlonale”:"To he able to upload the project
"FitCriterdon®: "valid fors and folders forsat
“ariginator”  “abdelbadi®,

“rype” Swser®,

“iibachey™ : "aject :51"

"1,

UuseCase” Uplead Froject”,
"descrdption”"The application shall upload ¢
details and docusents”,

“retionale”;"Te save project cetails and rels
dacuments in & document conbert matagesent®,
"FitCriterion™: "Project docusents are saved §
folder”,

“ordiginater” :“Abdelradi®,

“Eype® “seryvige®,

"afkadhgey" : "ok ject 1527

"id*i2,

“useCase” "Uplead Frofect®,
"descrigtion” "The application shall serd a
notificaticn to the consortium whes a new pro
uploaded”,

“rationale”:"To start the capacity report pra
"FitCriterion™: "ot ificatlon sent without err
"ardginator” Tahdelkad] ",

5.4 Phase C: information systems
architecture—application architecture

This phase deals with the application architecture artifacts

and the corresponding requirements (see Fig. 14 for the
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The type from
the template

Requirement #: Unique ID  Requirement Type: .

List of events/
use cases that
need this
requirement

Event/Use Case #:

Description: A one-sentence statement of the intention of the requirement

Ratonale: A justification of the requirement

Originator: The person who raised this requirement

Fit Criterion: A measurement of the requirement such that it is possible
to test if the solution matches the original requirement.

Customer Saﬂsfacﬁon;r,.' Customer Dissatisfaction:

e customer value

Supporting Materials: Fointer to documents that
History: Creatiod,

Dearee of stakeholder happiness if
this requirement is successfully implemented.
cale from 1 = uninterested to

than;ge:

S
5 = extremely pleased.

llustrate and er-,pL-:nin thia
réguirement

%

Volere

Conflicte: Other requirements

%

L

final pmduct.‘

that cannot be
implemented if this
one is

Measure of E)lakcﬁaldfr unhappiness
if this requirement is not part of the

Scale from 1 = hardly matters to
5 = extremely displeased.

Fig. 10 Phase B: requirements template selection

ADM'’s artifacts

Requirement Specification

Information Systems
- Data Architecture

Phase (¢ -

® Architecture Definition Document
o Target Data Architecture

Models for business data, logical data
(existing relevant data models, such as the
ARTS and POSC models.) corresponding to
the selected viewpoints

Data Entity/Business Function matrix

o Architecture Requirements Specification

Data interoperability requirement (e.g.,
XML schema, security policies)

Constraints on the Technology
Architecture about to be designed

Project Constraints
o Mandated Constraints

Functional Requirements
o Functional and Data Requirements

Partner or Collaborative Applications
(highlight potential problems of
integration)

Data Requirements (in form of class
diagram)

Fig. 11 Phase C—data architecture: alignment of architecture and requirement artifacts
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ousinesskug

cionEntityMap™ | =

"businessFunctionEntityMap” :

1
“functionalRI4":1,
busines ction":"Upload project”™,
entitie [
"Project”,
"Document”
1
i
{

"businessFunction":

"Fetch project
files",
"entities":

y it

"Document

Fig. 12 Data architecture artifacts example for Phase C

ABBMap”: [ e
"ABBMap": [
{
a3,
"name":"3DScan - Visualize CAD Object",
"SBB":"3DScan",
"stakeholders": [
{

"id":1,

“"name":"Quality Engineer",

“groupe":"Quality",

"class":"Keep_Satisfied",

"power":1

}

1,
"businessvisionStatement":"3D scanning technology can
be useful in prototyping and design, reverse
engineering, in-line manufacturing inspection and/or
quality control.",
"businessProblemDescription”:"Perform dimensional

controls to determine if the analyzed manufactured part

must be accepted or rejected without slowing the

production rhythm",

“implementationSpecification":{
"name":"IS1_3DScan_get3DObject",
"description":"The get3DObject service return 3D
Object that is compliant with Three.js library"”,

"rational":"To have the possibility to display the

Object in a Web page"
}s

datatntityMagp™ &

“dataEnmtityMap”: [

{
“nama" ! “Project”,
attributes’
Ia
b
"name" : "delivery",
"type":"Date”
¥
1
s
{
*nama" : "Customer"

F
"attributes™:[

campany”,

ApplicationMap e

“"ApplicationMap": [
{

"applicationName":"3DScan",
"owner":"fiwaredindustry",
"description”:"The main functionality of the
Dynamic Content Manager Enabler (DCME) is to
provide an easy and user-friendly GUI to
manage documents",
"url":"https://github.com/datapixel/3DScan",
“certification":false,
"support":false,
"dataformatDescription™":"XML as
serialization data format"

Fig. 13 Requirement: partner or collaborative applications (to highlight potential problems of integration)

exhaustive list of the artifacts). The developer or architect
is guided to define the technical requirements in the same
template as for the atomic requirement (see Fig. 15—Ieft side
for an example). Technology or infrastructure constraints and
application interoperability requirement are either defined in
this phase. Those constraints are added to previous ones to
fetch for SBBs and related applications in the EAKR. The

resulted SBBs and related application (middle and right sides
of Fig. 15) offer the first overview of existing applications
and related technical services (in case of service-oriented
solution) to reuse. These solutions fit the requirements and
constraints from a functional, technical, and technology con-
straint side. Up to this requirement level, a first version of the
targeted business application based on BPMN 2.0 is gener-
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ADM’s artifacts

Requirement Specification

Phase C - Information
Systems - Application
Architecture

List of applications or application components that are
required

Develop matrices across the architecture by relating
applications to business services, business functions, data,

e Project Constraints
o Mandated Constraints
= Off-the-Shelf Software (OTS) that must

processes
o Role/Application matrix
o Application/Function matrix

e Architecture Definition Document

to be designed
o Relevant technical requirements

o Data Entity/Business Function matrix

be used to implement some of the
requirements for the product

o Applications interoperability requirements
o Constraints on the Technology Architecture about

Fig. 14 Phase C—application architecture: alignment of architecture and requirement artifacts

ated. The user and service tasks are generated and a link
between service tasks and a set of existing services is per-
formed based on the elements defined during previous phases
(related to selected SBBs). This first solution reflects the pro-
totype torealize, aiming to resolve and meet the business need
expressed during this elicitation process.

5.5 Phase D: technology architecture

The last phase D is about the technology architecture arti-
facts (see Fig. 16 for the exhaustive list of the artifacts). The
objective of this last phase is to define the basis of the imple-
mentation work. As part of phase D, the developer or architect
needs to consider what relevant resources are available in the
EAKR repository to ensure that the target system will meet
some or all the requirements and constraints. Itis important to
recognize that in practice it will be rarely possible to find and
reuse components that reach 100% coverage of all defined
requirements and constraints. During the previous phase C,
technical and technological constraints are formalized. These
latter are considered during this phase D when matching the
final SBBs, enriched with non-functional properties defining
the Quality of Service needed from the existing services.
The model of non-functional requirement is based on the
atomic requirement model. An example of the definition of
this non-functional requirement is depicted in Fig. 17. The
resulted SBBs, if a match is confirmed, reflect strongly the
defined requirements and constraints. This helps to imple-
ment the business process already produced during the last
phase with the final SBBs and related services with their
service endpoints to support the business application. The
resulted SBBs are ranked as already defined by [63] for QoS
ranking, reflecting the non-functional specifications before
selecting the final SBB and generate an implemented busi-
ness process. The result of this ranking process is used during
the generation of the implemented BPMN, where for each
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business function (only service tasks), we assign the first
ranked SBB to the related task (see Fig. 18 for an exam-
ple). In the next section, we present the implementation of
a prototype of this exploitation process developed as a Web
Application.

6 Framework implementation

We implemented the exploitation process as a Web Appli-
cation as depicted in Fig. 19. The source code is available
at Github repository.? The video of this technical presenta-
tion is available here® and of the entire use case is available
here.* We selected Angular]S [64] as a Web Framework
that enables the development of single-page applications fol-
lowing the MVC (Model-View-Controller) pattern for the
front-end environment, and NodeJS Framework [65] which
is a popular platform for building server-side Web Applica-
tions written in Javascript. Regarding the EAKR repository,
we deployed the EACP Ontology along with example of
qualified open-source solutions from vf-OS ° and FITMAN
project6 in Apache Jena Fuseki [66] (see Fig. 20).

In the following subsections, we describe how a developer
or architect can interact with this application in each phase,
what inputs are required (based on the use case presented
earlier in this paper), how information is presented, and how
validation occurs.

Note that in the case where no artifact was found in the
repository with a perfect match, we used string similarity
based on Dice’s coefficient. Several open-source JavaScript

2 https://github.com/AbdBelf/EacpFramework.

3 https://bul.univ-lyon2.fr/index.php/s/xsAMwE0YIbRYbLh.
4 https://bul.univ-lyon2.fr/index.php/s/EfoSLyZwkHYbTOt.
> www.vf-OS.eu.

6 http://www.fiwaredindustry.com.
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ricalReguirement sbMap™:
"sbbMag": [

"technicalRequirement™: [

“id"t1,

“name": " 305can

“applicationMap”
1
"applicationName” :"3DScan”,
Get3iD0bject _SEE",
“owner"”: " fiwaredindustry”,

"description®:"The main
functdonality of the Dynamic
nager Enabler (DCHE

Cont

o provide an easy and
L -friendly GUI to manage
I documents”,

"fitCriterion”:"The CAD “output_parameters’: [
object must be Threels { "url®:"nttps: ¢ /githud. con/
library compliant®, ‘nana” : "abjectin”, datapixel/iD%can™,

“type”:"file"”
"ariginator® :"Abdelhadi®, "certification": falsa,

"businessFunction

Fig. 15 Application architecture artifacts for Phase C

ADM’s artifacts

‘nlatform name”
"aumer” {4

"support®:false,

“Toncat", greatDescription™ : "ML

serialiration data format

cha
dation", ]

“country®:"T,
“rrmpant®  "liranca

Requirement Specification

A -
Vision

Architecture * Business goals

# Business objectives

architectural changes)
* |dentify stakeholders with their concerns
= Defines Key Performance Indicators (KPIs)

* Organizational Model for Enterprise Architecture (to -
identify the organization units that will be affected by the

* Project Drivers
o The Purpose of the Project

The User Business or Background of
the Project Effort

= Goals of the Project
o The Client, the Customer,
Stakeholders
® The Client
®  The Customer
® QOther Stakeholders (roles or types,
names...)
o Users of the Product
®* The Hands-On Users of the Product
(name/category, role, experience,
technological experience...)
® Priorities Assigned to Users Key users,

secondary users, unimportant users
(to prioritize their requirements)

and Other

Fig. 16 Phase D: alignment of architecture and requirements artifacts

packages exist. We selected the string-similarity package that
is publicly offered in GitHub repository.” We fixed the thresh-
old to 90%, which could be modified to get flexible results.

6.1 Phase A: architecture vision
In this phase, one of the artifacts to provide is about the busi-
ness goals and associated objectives of the targeted project.

The offered design possibility is to upload the inputs designed

7 https://www.npmjs.com/package/string-similarity.

in ArchiMate using the motivation extension. Figure 19
depicts an example from the proposed use case of the motiva-
tion diagram. An export in XML format is needed to import
it to the EACP Web Application to parse it and retrieve the
needed inputs for phase A. Figure 19 depicts the phase A of
the Web application. The first column is the architecture and
requirements elicitation process that guides the developer to
consolidate and validate their requirements during this phase.
The second column displays the actual phase state and the
progression rate of the process. The developer can as well add
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"technalogyPlatform™ [ X

1 "technologyPlatfarm™: {

"environment”: "Linux",

4 “location” : “on premises”

Fig. 17 Phase D: technology architecture artifacts template example

1 n

'nonFunctionalReghap™ [ @
nonFunctionalRegqMap": [ e
{
"id":1,
“type": “Performance”,

"name": "Response Time Metric”,
"walue™:"2",

"description":"Measure how long it took
for a service to process a request ",
fitCriterion":"",
"originator":"Abdelhadi"

capacty from the
ERP's database

availshility

=
3

Brvauate procuction [@C
-

heck masources

o . ® Check Dalvary
Options and Cost

o
& Croate O
. *
Quotation
End
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i="process_1" name="Dafault Process" izExecutab
t la="StartEvent_2" n ="Start Event 2"
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V
(G}
it

i id="ServiceTask_
SequenceFlow_1-
fu SequenceFlow_2 /L

W ld="SequenceFlow_1" pourceRef="StartEvent 2" 10
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-SequancaFlow_3. /L
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atgoing
=" SaquencaF Lo mreefef-"SarviceTask 1" tax
=" ServiceTas
0 -Sequenceflow 3

-SequenceFlow_4< /1y

sourceRef

*SequenceFlow,
UserTask 1" nas
equenceflow_§/1
> SequancaFlew_5:

ate Quotation®:

¢ id="SequenceFlow 4" = cf="ServiceTask 3" t
"ErdEvent_1" na nd Event 1"
-SequenceFlow_5- /Ly tincoming

ource:

*SequenceFlow_5" rourceis=i="UserTask_1* targetfef

ow i

Le"http:/ fwww, w3, org/2001/XMLSchema=instance" womlns:
1i="hetp: /fwww, ong . org/spec/DD/20100524/DI" wnlns:ex
1="1.5%.0.Final-vZ0180%1%-1642-B1" targeth

e="Evaluate production capacity from the ERP's database” implementatior
ing

R =" ServiceTask 1/
o=*"Check ressources availability* imploma

tRetf="SarvicaTask_2"/:
*Check Delivery Options and Cost">

"ServiceTask 2" LargetRef="ServiceTask_3"/>

rgetRef="UserTask 1"/

Figure 35 Example of an implemented BPMN resulted from Phase D

“http: /[ fwww. omg . org/ spec/BEMN/ 20100524 /MODEL" xnlns :bonndi="http: / Swww, oo
t="http: /forg.eclipse bpan? fext” x pa="http: /Suww. Wl o1
pace="http: /forg. eclipse . bpmn? /defanlt/process"

g 2

1="localhost: BOE0/00EC/ execSOLIquery=xx"

tation="localhoat: 9442/CAM/servicea/local /">

*EndEvent_1"/

Fig. 18 Example of an implemented BPMN resulted from Phase D

other stakeholders not mentioned in the motivation diagram
to be considered for the next actions.

Once the motivation diagram uploaded to the framework,
a parsing of the XML source file is realized to retrieve the
defined business goals and objectives. Based on these inputs,
arequest is sent to the EAKR (see an example of a SPARQL
request in Fig. 20) to fetch existing requirement templates
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guiding the developer during this requirement elicitation
phase. Since it is the first instance of this process, we are
not supposed to get any template. However, and for illustra-
tive reasons, we defined one template that shares the same
business goal to have an example of a template to reuse for
defining and consolidating the required requirements for this
phase. As we may notice in Fig. 19, the requirements needed
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e / PhaseC - Data Architecture

PhaseC - Application Architecture / PhaseD - Technology Architecture

EACP Framework

Phase A - Architecture Vision

Architecture Artifacts

ArchiMate Motivation Extension

Choisir un fichier newmodel.xml

=
Business Goals Business Objectives
<c ollaborat a ¢

astic and metal Reduce project

Industrialize products from common customer projects

Stakeholder Map

Name Groupe

Abdelhad Production Operator

Class Power

Key Player 1

+ Stakeholder

Stakeholders

Abdelhadi - Production Operator - Key Player - 1

Fig. 19 EACP Web Application—Phase A: architecture artifacts

are the definition of the business context, the client and the
customer of the system which is not applicable in this con-
text, and the users that will interact with the targeted system.
The retrieved templates are presented in the "EAKR Tem-
plates Requirement” side. The process progression column
is updated, and the application now is waiting for the valida-
tion of the requirements to redirect the developer to phase B
of the exploitation process.

6.2 Phase B: business architecture

Based on ArchiMate Business Entity Relationship diagram,
the developer uploads the designed diagram to the architec-
ture artifacts user interface. This latter is parsed to retrieve
the actors, the business processes and related data entities
involved in each business process or use case. These inputs
are considered during the requirement pattern search in the
EAKR repository and retrieved using the process depicted in
Sect. 5.

The requirements specification of phase B deals with the
functional requirements and constraints of the project. Based
on the use case list and their related data entities, we fetch
the previous project that has been saved to the EAKR based
on a string similarity. These existing requirements help to
offer support for defining and consolidating the use cases
and functional specifications close to the actual context, the
business events connected to the actual business scenario and
a set of functional requirements related to the selected use
cases and their type (i.e., service-type component related to
an SBB or user task activity if it is a user action). In the case

Progression

o M2

Enterprise

Architecture
an Knowledge
= Repository

(EAKR)

of our business scenario, no template has been found but for
illustrative reasons, we initialized requirement templates that
correspond to the actual business scenario to be reused.

In this phase, there is a possibility to enrich the functional
specifications by adding required constraints or architecture
requirements specification such as the specification of imple-
mentation or the usage of a specific standard for the future
development of the functional requirements. In the context
of this proposed scenario, we link an implementation stan-
dard to the functional requirement “Visualize CAD file” as
depicted in Fig. 21.

6.3 Phase C: data and application architecture

Data architecture phase enhances the definition of the rela-
tion between data entities and targeted business functions
previously defined in phase B. Then, the next needed action
is to define the properties of each business data involved in
the business functions using relevant data models such as the
Class Diagram in Unified Modeling Language (UML) that is
serialized to retrieve the entities with their related attributes.

Based on these inputs, the application fetches and maps in
the EAKR the business functions with the architecture build-
ing blocks using the defined data entities, and which respects
the interoperability and infrastructure constraints as defined
in Sect. 5.3. This latter matches between the defined func-
tional requirements with business functions defined in ABB
model. ABBs that correspond to the conditions are selected
with their related SBB and corresponding applications. The
objective is to highlight potential problems of integration in
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Datasor /EAXR

O quary & uplcad 8 @ adit i
SPARQL query

try out some SPARCL quenes agains! the selected calaset smier you

R

uery hem

B/ 0nto logyTCCAFCo

s @

LEJ
L

Fig.20 EAKR based on the EACP Ontology and Apache Jena SPARQL Endpoint

case any selected ABB presents data interoperability con-
straint which is different from the defined constraint in this
phase C. Regarding the Application Architecture phase, the
developer is guided to define the technical requirement using
the same template as for the functional requirements. Tech-
nology or infrastructure constraint is either defined. Those
constraints are added to previous ones to select the SBBs as
described in Sect. 5. For instance, in this use-case scenario,
we define a technical requirement related to the targeted
business function ”Visualize CAD File”. Indeed, we target
an SBB which manages the CAD Objects with a specific
file extension "STL extension” and that is based on the
JavaScript library Three.js. Then the action "Fetch ABBs”
triggers the selection of the targeted ABBs and related SBBs
in the EAKR that respect the defined technical requirement
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for each business function along with the technology con-
straints if defined. The result of this action is depicted in
Figure 22.

To this level, these inputs enable to download a first ver-
sion of the targeted business application based on BPMN 2.0
specification. Based on the functional requirements defined
in phase B which are composed by user and service tasks,
we generate an XML template (see Fig. 18).

6.4 Phase D: technology architecture

During the previous phase, technical and technological con-
straints are formalized. These latter are considered when
matching the final SBBs, enriched in this phase with non-
functional properties defining the Quality of Service needed
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Architecture Requirements Specification & Constraints

Type

“»

Implementation Standard

Linked Functional Requirement

“

The application shall visualize the 3D model of the STEP File

Description Rationale

The 3D File document must be To open the STEP file in the CAI

Fit Criterion Originator
The 3D file must be ISO 10303 : Abdelhadi
+ Constraint - Constraint

Constraints list

The 3D File document must be in STEP Standard

Fig.21 EACP Web Application—Phase B: requirement specification

from the existing services. This to consider what relevant
resources are available in the EAKR repository to ensure that
the target system will meet the requirements and constraints.
In the proposed use-case scenario, we define an example for
the QoS which is depicted in Fig. 23 (NFR List). We set the
average instance time metric as a non-functional requirement
applicable for all the targeted technical services. After vali-

Fetch ABBs

Search ABBs
Search .

3DScan - Visualize CAD
Object

Business Functions
Search .

Upload project

Notify project Submission

Collaborative 3D Web
Viewer - Visualize XML3D
mesh Object

Fetch project files

Visualize CAD file

Generate capacity report for
quotation

Save capacity report

Notify the decision

dation, SBBs are ranked based on the defined QoS threshold
values.

For each business function, we select the first SBB resulted
from the ranking process as a building block to reuse for the
implementation of the targeted business application. As a
final result, we get a last version of an implemented BPMN
with the related service endpoints of the solution building
blocks.

7 Discussion

In this work, we propose an Enterprise Architecture Capabil-
ity Profile specifically designed for service-oriented software
enabling the qualification, the discovery, the reuse, and
the sustainability for new business applications develop-
ment. We demonstrate how the proposed approach can assist
developers or architects in the qualification process using
the semantic Enterprise Architecture Knowledge Reposi-
tory, based on a proposed meta-model inspired mainly from
TOGAF and ISO 16100 Standard and formalized using
semantic web techniques. This helps to offer a wider view
qualification process that deals with the two perspectives
of services which are the business perspective which brings
value-in-use of the qualified feature for an organization that
is interested into reuse, and the technical side along with a
quality of service of the feature encapsulated by the soft-

Search SBBs Application List and

. related SBBs

Application List

Search

3DScan_Get3DObject_SBB

3DScan
Application Application
Name owner
3DScan fiwaredind
ustry

Download BPMN

Validation

Fig.22 EACP Web Application—Phase C: requirement specification
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Fig.23 EACP Web
Application—Phase D:

requirement speciﬁcation Technology Platforms Specification

Environment

Non Functional Requirement
Type

Average Instance Starting Time Metric

Description Value
Average time required to 10
initialize a new instance

Priority Originator
1 - Low/Default :

+ NFR Clear NFR

Rank SBBs

ware service. An exploitation methodology is defined to
overcome the use of ad-hoc methods to identify the most
suitable components or artifacts to reuse. The proposed
solution is designed based on the alignment of architect-
ing actions with a requirement engineering process, and
evolve together helping to investigate the highest functional
compatibility of the desired functionalities and its related
constraints.

As discussed in [67], on some projects, architectural
requirements can be significantly more important than their
domain-specific equivalents (as for instance, if we are design-
ing a business application with a specific high availability as
implementation constraint, the “up time” metric would be
with a high importance). Regarding the proposed exploita-
tion methodology, it carries the validation of the requirements
and drives the design of the foundations (i.e., architecture)
and the requirement definition of the business application
we are building. This means at least, we offer the nec-
essary structure for defining and validating architectural
artifacts and requirement specifications, and at best, pro-
pose templates and artifacts of previous projects or qualified
solutions for recycling and reuse to meet the business
need.

Regarding the exploitation process, as you may notice
at run time, the process finds few results because no
previous project with its related requirements has been
already introduced and capitalized. Also, it depends on
the number of the qualified solutions and related services
considered as architecture and solution building blocks in
the EAKR Repository. Continuous qualification is needed
to maximize the exploitation and must be realized fre-
quently to take full advantage of this proposed methodol-

ogy.

@ Springer

Location

Abdelhadi

NFR List

a Average Instance Starting Time Metric - 10

8 Conclusion

In this work, we defined the Enterprise Architecture Capa-
bility Profile that describes the business, operational and
technical aspects for service-oriented software. It is designed
based on an Enterprise Architecture Framework (TOGAF)
and the best practices related to the implementation of ISO
16100 standard concepts. An exploitation methodology of
the designed capability profile is proposed and based on
the alignment of a requirements engineering process with
the Architecture Development Method from TOGAF. These
latter evolve together to investigate the highest functional
and technical compatibility of the desired functionalities and
related constraints, to respond to end-users’ requirements and
efficiently reuse the qualified solutions. Finally, we provided
an implementation with an industrial use case to demonstrate
the effectiveness of this approach. Concepts presented in this
research work have been implemented as open-source proto-
types based on Node JS and Java platforms. These prototypes
cover the entire exploitation process that leads to the targeted
ready-to-use business application.
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