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Abstract. A typical software product is developed so thatan fulfill the
defined business domain, based on a proper pratbségn context. Although,
assuring an alignment between the technologicaleldpments with the
business domain is a demanding task. With the perpaf clarifying the
relations between the models that support the basirand the software
representations, we present in this paper a V-Mbdséd approach to align the
business domain requirements with the context foodyct design. This
V-Model encompasses the models that support thalirdefinition of the
project goals, expressed through organizationdigarations, and the analysis
and design of models that result in a process-lpgetpective of the system’s
logical architecture. Our approach adopts a prelsd perspective with the
intent to create context for product-level requiesnelicitation. We present a
case study as a demonstration and assessment daipfiieability of our
approach. Since the case study is extremely complexllustrate how to use
the ARID method to evaluate the obtained processtinchitecture.

Keywords: Software Engineering; Requirements Engineering; Mode
Alignment; Logical Architectures.

1 Introduction

One of the top concerns of information technolodl@$ managers for almost thirty
years relates to software and the business donftigimeent [1]. The importance of
aligning the software with domain specific needs fbe purpose of attaining
synergies and visible success is a long-runningblpro with no visible or

deterministic solution. There are many questiongeming this subject, going from
how to align several strategic components of aramimation with the necessary
maturity or how specific domain needs and softwi supports the domain are
aligned with each other. The perspective on donspiecific needs with software
alignment has changed along the years. Initialignenent meant relating specific
domain needs with supporting software plans. Later,concept evolved to include



business and software strategies, business needmfmnmation system priorities.
This created the need for aligning business mo@eds a rationale for how the
organizations create, deliver and capture value dogiven business) with the
underlying information system (people and softwaotutions) that is designed to
support part or whole of the business model.

One of the possible representations of a softwaskitisn is its logical
architecture, resulting from a process of transfogn business-level and
technological-level (of any given domain) decisioaad requirements into a
representation (model). A model can be seen asnplified view of reality, and
possesses five key characteristics: abstractiondergtandability, accuracy,
predictiveness, and inexpensiveness [2]. This sgmtation is fundamental and
mandatory to analyze and validate a system bubisenough for achieving a full
transformation of the requirements into a modeleata implement stakeholders’
decisions. It is necessary to promote an alignnbetiveen the logical architecture
and other supporting models, like organizationalficurations, products, processes,
or behaviors.

An organization is about people. Stakeholders aspansible for the decision-
making processes that influence the organizatisivategy at any given level under
analysis [3]. At the same time, the stakeholdes® ahfluence the organization’s
software architecture and systems. Aligning donspiecific needs with the way that
software solutions are organized is a task thattrbesaccounted for and whose
results are not easily, or at all, measurable.

Our approach is based on the premises that theme é¢tearly defined context for
eliciting product requirements within a given sfiecdomain. We propose a “Vee”
Model-based adaptation (V Model) [4], which suggestoadmap for product design
based on domain specific needs. The model requiresidentification of those
domain specific needs and then, by successive mattgivation, it is possible to
transit from a domain level perspective to a sofean@T) level perspective and at the
same time, aligns the requirements with the derimedels.

This paper is structured as follows: section 2 gméesthe related work associated
with our work; section 3 presents our V-Model resgrgtation to promote domain and
software; section 4 includes a case study and Isletae pertinence of using the
chosen presented models for creating context tdymtodesign. It also explains how
to proceed from one model to another and includgsudsions, comparison with the
related work and an assessment overview of thepted approach and its validation
through ARID; section 6 presents our conclusiordsfature work.

2 Redated Work

A typical software development project is coordathso that the resulting product
properly aligns with the domain-specific (busines®)del intended by the leading
stakeholders. As an economical plan for the orgaioia or for a given project, the
business model contributes for eliciting the reguients by providing the product’s
required needs in terms of definitions and objesivBy “product” we mean
applications that must be computationally supportdd situations where
organizations focused on software development atecapable of properly eliciting
requirements for the software product, due to ifiseht stakeholder inputs or some
uncertainty in defining a proper business modelpracess-level requirements



elicitation is an alternative approach. The prodessl requirements assure that
organization’s business needs are fulfilled. Howeweis absolutely necessary to
assure that product-level (software-related) resgoénts are perfectly aligned with
process-level requirements, and hence, are alignédthe organization’s domain-

specific requirements. In this section, we choseeter to other author’s work related
to ours in the diverse topics that integrate owpraach: business and IT alignment,
governance, alignment of requirements with systpacifications, the process-level
perspective, process architectures and the modbals dan be used to describe
requirements and help build the context for prodaiicitation.

An approach that enacts the alignment between dvsmcific needs and
software  solutions, is the goal oriented approachQMaStrategies
(Goal/Question/Metric + Strategies) [5]. The GQMreStgies approach uses
measurement to link goals and strategies on alrorgtional levels. This approach
explicitly links goals at different levels, from &ness objectives to project
operations, which is critical to strategic measwerin Applying GQM+Strategies
makes easier to identify goal relationships andlims and facilitates communication
for organizational segments. Another goal-orientggproach is the Balanced
Scorecard (BSC) [6]. BSC links strategic objectimad measures through a scorecard
in four perspectives: financial, customer, intedmasiness processes, and learning and
growth. It is a tool for defining strategic goaterh multiple perspectives beyond a
purely financial focus.

Another approach, COBIT [7], is a framework for gaving and managing
enterprise IT. It provides a comprehensive framéwihrat assists enterprises in
achieving their objectives for the governance armhagement of enterprise IT. It is
based on five key principles: (1) meeting stakedoldeeds; (2) covering the
enterprise end-to-end; (3) applying a single, iratggd framework; (4) enabling a
holistic approach; and (5) separating governancen fmanagement. These five
principles enable the enterprise to build an eiffecgovernance and management
framework that optimizes information and technoldgyestment and use for the
benefit of stakeholders.

In order to represent the intended aligned sysgsuification we use models. It is
recognized in software engineering that a comp$stetem architecture cannot be
represented using a single perspective or mod®&l|[&)sing multiple viewpoints, like
logical diagrams, sequence diagrams or other aitifacontributes to a better
representation of the system and, as a consequenaehetter understanding of the
system. Some architecture views can be seen invthks of Clement®t al. [10],
Hofmeisteret al.[11] and Krutchen [9]. Krutchen's work refers thtat description of
the architecture can be represented into four vikvgscal, development, process and
physical. The fifth view is represented by selectisé cases or scenarios. Zou and
Pavlovski [12] add another extra view, the contrase view, that complements the
use case view to complete requirements acrosotleeiive system lifecycle views.

Since the ternprocesshas different meanings depending on the contexgur
process-level approach we acknowledge that (1}wedd activities of a software
production process are the context for the prohleater analysis and, (2) in relation
to a software model context [13], a software predgesomposed of a set of activities
related to software development, maintenance, gropjeanagement and quality
assurance. For scope definition of our work, anmbeting to the previously exposed
acknowledgments, we characterize the process-f@mmspective by (1) being related
to real world activities, including business, antew related to software (2) those



activities encompass the typical software develagntitecycle. Typically, product-
level approaches promote the functional decommosittf systems models. Our
approach is characterized by using refinement (ase &ind of functional
decomposition) and integration of system modeldivies and their interface in a
process can be structured or arranged in a praecelgecture [14].

The process architecture represents a fundamentniaation of service
development, service creation, and service didiohuin the relevant enterprise
context [15]. Designing a software architectureviiies a more accurate definition of
the requirements. There are several approachespigoging the proper design of
software architectures, like FAST [16], FORM [17]KobrA [18]. These all relate to
the product-level perspective. In a process-levetspective, Tropos [19] is
a methodology that uses notions of actor, goal(antbr) dependency as a foundation
to model early and late requirements, architectamnal detailed design. Machadbal.
present the 4SRS (Four-Step-Rule-Set) method fohitacture design based on
requirements. 4SRS is usually used in a produetlperspective [20], but it also
supports a process-level perspective [21, 22]. fdsilt of the application of the
4SRS method is a logical architecture. Logical iseckures can be faced as a view of
a system composed by a set of problem-specificadigins supporting functional
requirements [9].

The defined and derived models suggested by ouroaphp, used alone and
unaligned with each other, are of a lesser usegamnzations and stakeholders. Our
approach begins in a domain-specific perspectiye défining the organizational
configurations that represent major interactiorisa aery high-level, in the chosen
domain, and ends with a technological view of thstem. From one perspective to
the other, alignment must be assured. The alignwentefer to relates to domain-
specific and software alignment [23], and in ouseawhere the domain-specific
needs must be instantiated into the creation ofestiior proper product design.

A possible point of failure in achieving the inteadalignment relates to the lack of
representativeness of the necessary requirementexjoressing domain-specific
needs. According to Campbedt al. [3], the activities that support the necessary
information for creating context for requiremenlisitation are not explicitly defined
or even promoted. Also, existing approaches togtérsj software architecture do not
support any specific technique for requirementgitalion in a process-level
perspective; rather, they use the information @e#id by an adopted elicitation
technique. Typical (product-oriented) elicitatioachniques may not be able to
properly identify the necessary requirements withingiven context creating an
opportunity for our approach to define the proctsst support the derivation of
models with the purpose of creating context fordoiad design. With the case study
described in this paper we demonstrate that firstjopting a process-level
perspective allows for better understanding ofgtgect scope and then support the
creation of context for the elicitation of requirents of the product to be developed.

3 An Approach to Domain and Software M odels Alignment

In this section, we present our approach, basedusnessive and specific models
generation. As models, we use Organizational Cardijpns (OC) [24]A-Typeand
B-Type Sequence Diagrams [25], use cases and procedslbgieal architecture
diagrams. All these models are briefly describedthis section and properly



exemplified in the case study section of this papéere more detail is given on how
to derive a model from the previous models.

The OC model is a high-level representation of dh#vities (interactions) that
exist between the business-level entities of argd@main. Fig. 1 shows an example
of the aspect of an OC, with two activity types;leavith a role and two interactions.
The set of interactions are based on domain-spe@fjuirements (such as business)
and, in conjunction with the entities and the skelders, are represented with the
intention of describing a feasible scenario thdfillie a domain-specific business
vision.

activity type #x interaction #a activity type #y
Role #i of Entity #1 Role #j of Entity #2
interaction #b

Fig. 1. Organizational Configuration

Our approach uses a UML stereotyped sequence diagepresentation to
describe interactions in early analysis phase sfesy development. These diagrams
are presented in this paper AsType Sequence Diagrams. Another stereotyped
sequence diagram, calldglType Sequence Diagrams, allows for deriving process
sequences represented by the sequence flows betineetgical parts depicted in the
logical architecture. One must assure that a psdcExjuences modeled By Type
Sequence Diagrams depict the same flows as therodsled inA-TypeSequence
Diagrams, as well as being in conformity with théeractions between architectural
elements (AEs) depicted in the logical architect@®sociations. An AE is a
representation of the pieces from which the fingidal architecture can be built. This
term is used to distinguish those artifacts from tiomponents, objects or modules
used in other contexts, like in the UML structuiaglams. An example &-Typeand
B-TypeSequence Diagrams can be found in Fig. 2.

A-Type Sequence Diagrams B-Type Sequence Diagrams
Actor #y | v | | e | o |
Actor #x T T T
| | |
| »! | | > | }
I | | | b t I >\
1 | | | | |
| | »! | [ e — }
T | Lagl] | | | | |
| | | | |
| I | »! |
| Lt

Fig. 2. A- andB-TypeSequence Diagrams

The generated models and the alignment betweeddhmin specific needs and
the context for product design can be representead\b-Model as seen on Fig. 4. The
V-Model representation [4] provides a balanced essc representation and,
simultaneously, ensures that each step is vetifeddre moving to the next. In this V-
Model, the models that assemble it are generateddban the rationale and in the
information existing in previously defined modadls,, A-Typediagrams are based on
OCs, use cases are baseddenypediagrams, the logical architecture is based on the
use case model, a3 Typediagrams comply with the logical architecture.

A-TypeSequence Diagrams can be gathered and afterwsedisas an elicitation
technique for modeling the use cases. It can batedntuitive to consider that use



case diagrams can be refinements of sequence diaghais possible if we take into
consideration that the scenarios expressed idiigpeSequence Diagrams are built
using the use-case candidates in the form of #ietvihat will be executed and must
be computationally supported by the system to hgldmented. These activities in
form of use cases are placed in fa@ypeSequence Diagram and associated with the
corresponding actors and other used cases. Theseasss are later arranged in use
case diagrams after redundancy is eliminated aadeprnaming is given. The flow
expressed by the sequences creates the ratiorrattistmvering the necessary use
cases to complete the process.

Use cases are modeled and textually describedused as input for the 4SRS.
The execution of the 4SRS [22] results in a loga@hitecture with a direct relation
between the process-level use cases assured lyetied’s execution. Due to that,
the logical architecture is derived, in a procemsdin a product-level perspective,
using the use case information to create AEs ard #ssociations, in a properly
aligned approach. The product level perspectivadescribed in [20] and the process-
level perspective in [21, 22]. The process-levefspective imposes a different
rationale to the method’s execution. It is not dntention to describe the 4SRS
method application. That is thoroughly done in literature [20-22] and we use it as
described in those works. For the sake of undedstaility, we only present a brief
paragraph of the method'’s structure and application

The 4SRS method is organized in four steps to foams use cases into
architecture elements: Step 1 (architectural elérnoesation) creates automatically
three kinds of AEs for each use casei-gpe (interface),c-type(control) andd-type
(data); Step 2 (architectural element eliminatijehoves redundancy automatically
create architectural elements, redundancy in theirements passed by the use cases,
and promotes the discovery of hidden requireme8tep 3 (architectural element
packaging & aggregation) semantically groups aechitral elements in packages and
also allows to represent aggregations (of, foraimsg, existing legacy systems); and
Step 4 (architectural element association) whosal g0 to represent associations
between the remaining architectural elements.

According with the previously described, the 4SR®thnd takes use cases
representations (and corresponding textual degmmigtas input and (by recurring to
tabular transformations) creates a logical architat representation of the system.
We present a subset of the tabular transformationd=ig. 3. These tabular
transformations are supported by a spreadsheetatdcolumn has its own meaning
and rules. Some of the steps have micro-steps; soicr®-steps can be completely
automatized. Tabular transformations assure traagafietween the derived logical
architecture diagram and the initial use case sgmtations. At the same time it
makes possible to adjust the results of the tram&ftion to changing requirements.
Tabular transformations are thoroughly describef@®) 26].

As suggested by the V-Model represented in Fighd models placed on the left
hand side of the path representation are propéigypeal with the models placed on
the right side, i.e.B-Type Sequence Diagrams are aligned withType Sequence
Diagrams, and the logical architecture is alignefth the use case model. Alignment
between the use case model and the logical artinieeés assured by the correct
application of the 4SRS method. The resulting sdt¢éransformations along our
V-Model path provide artifacts properly aligned hvithe organization’s business
needs (which are formalized through Organizationfigorations).
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Fig. 3. Tabular Transformation of the 4SRS Method

The V-Model representation promotes the alignmeattvben the models on the
problem domain and the models on the solution domEie presented models are
created in succession, by manipulating the infoilonathat results from one to make
decisions on how to create the other. In the dengrside of the V-Model (left side
of the V), models created in succession representefinement of requirements and
the creation of system specifications. In the adicenside (right side of the V),
models represent the integration of the discovérgital parts and their involvement
in a cross-side oriented validating effort.
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Fig. 4. V-Model Adaption for Domain and Software Alignment

To assess the V-Model approach, we present a aegarding our real case
study, the ISOFIN project, as an example. The mocmder analysis, called “Create
IBS”, deals with the creation of a new InterconedcBusiness Service (IBS). The
inter-organizational relations required to createea IBS are described under a new
OC. The definition of activities and actors reqdite create a new IBS are described
in an A-Type Sequence Diagram. This diagram provides detail required
functionalities in order to create an IBS, formathpdeled in use cases. Use cases are
used as input for a transformation method and tbegss-level logical architecture is
derived. AB-TypeSequence Diagram allows for validation of the dagjiarchitecture
required to create an IBS and also validates tlpiirement expressed in the
correspondingA-Type Sequence Diagram. After the generation of thesdetsp we
assure that the “Create IBS” process is aligned thi¢ stakeholder’s needs.

4  Case Study: Thel SOFIN Project

We assess the applicability of the proposed appreath a case study that resulted
from the process-level requirements elicitatioraineal project: the ISOFIN project
(Interoperability in Financial Software) [27]. Thioject aims to deliver a set of
coordinating services in a centralized infrastreetuenacting the coordination of
independent services relying on separate infrastres. The resulting ISOFIN
platform, allows for the semantic and applicatioteroperability between enrolled
financial institutions (Banks, Insurance Compamied others), as depicted in Fig. 5.
The ISOFIN project encompasses eight institutiaasging from universities,
research centers and private software developmempanies for the bank and
insurance domains. The stakeholders of this groag different backgrounds and
expectations regarding the project outcome. Thédéerehces resulted in the lack of



definitions for the requirements that the projeepplications would support and even
to a proper definition of a business model thatdtganizations that participate in the
project would pursue.

If there is no agreed or even a defined businestend is not possible to define
the context for the requirements elicitation of theducts (applications) to be
developed. There is, however, communality in theesp of the stakeholders. They
all contain hints on the kind of activities thatetmtended products would have to
support — that is, they got beforehand an ideahef grocesses that the ISOFIN
platform applications were required to computatiynsupport.

The authors of this paper proposed a process-fpmioach to tackle the problem
of not having a defined context for product desagid researched on the models that
the stakeholders agreed on to support the knowlélaige had of the process-level
requirements — Organizational ConfiguratioAsType Sequence Diagrams and Use
Cases. After executing the 4SRS method, properljustel to handle the
process-level perspective we were able to deliverogess-level logical architecture
representation of the processes that are interalée tomputationally supported by
the applications to be developed. This approaclatedethe context for product
design, since the authors were able to identifyghmary constructors that would
support the processe®-Type Sequence Diagrams appeared seamlessly in the
process. They represented the scenarios depictdte k-Type Sequence Diagrams
and also contributed to the validation of the psseevel logical architecture
diagram. These two aspects will be detailed later.

The primary constructors that were identified cspend to the two main service
types that the global ISOFIN architecture relies laterconnected Business Service
(IBS) and Supplier Business Service (SBS). IBS<eoma set of functionalities that
are exposed from the ISOFIN core platform to ISOFRDuWstomers. An IBS
interconnects one or more SBSs and/or IBSs expokingtionalities that relate
directly to business needs. SBSs are a set ofifunadities that are exposed from the
ISOFIN Suppliers production infrastructure. Fig. éncompasses the primary
constructors related to the execution of the ptaifdIBS, SBS and the ISOFIN
Platform) available in the logical representatiaighe system: in the bottom layer
there are SBSs that connect to IBSs in the ISOHHtfdPm layer and the later are
connected to ISOFIN Customers.

There are other constructors that were identifigdising the V-Model approach
and that support the operations for the executfaheISOFIN Platform. These other
constructors are, for instance, Editors, Code Geaes, Subscriptions Management
Systems, and Security Management Systems. Thestrectors support the creation
and the operation of the primary constructors (IBBS and ISOFIN Platform). The
process-level architecture, later presented, depiatir interactions, major elements
and organization.

By adopting the process-level perspective we wdre & create a system’s
representation that supports the elicitation ofghecess-level requirements from the
stakeholders. This approach also allowed creatiegcbntext for product design by
representing the processes that must be suppaoyrteet lapplications to be developed.
The next sections detail the V-Model process arehplify the construction of the
adopted models in real case study situations.
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4.1  Alignment Between Organizational Configurationsand Interactions

In a process-level approach, in opposition to thredpct-level approach, the
characterization of the intended system gives derdifit perspective on the
organizational relations and interactions. Whenniled a specific domain context,
we consider that interactions between actors aodegsses constitute an important
issue to be dealt. This section focuses on chaizcig those interactions by using
three different levels of abstraction, as depidtedrig. 6: OCs represents the first
level; different types of Stereotyped UML Sequebiagrams, presented &sType
andB-TypeDiagrams (later described) represent the other two

Today’s business is based on inter-organizatiaglations [24], having an impact
on an organization’s business and software strafggly We model a set of OCs to
describe inter-organizational relations as a stgripoint to the definition of the
domain-specific context. An OC models a possibteriorganizational relation, at a
very high-level of abstraction and not considelimger-level processes and/or actors
involved in the relation. For better deriving thenthin-specific context, it is
advisable to model as many OCs as required to ibesat least, the main relations as
depicted by the stakeholders’ domain-specific neéas OC characterization must
contain information on the performed activitiesdeemical [21] or non-economical
[29]), the several professional profiles (actord akills) that participate in the activity
execution and also the exchange of informatiorriifaats.

We present an example of an OC, for the purposaseéssing our approach,
which has been characterized and applied in oue sagdy (the ISOFIN project).
Firstly, it is necessary to define the types ofivitaés performed in the domain-
specific context. By analyzing the types of actdgf the execution of an IBS within a
domain activity regards #A activities, while thesation of a new IBS regards #B
activities:

(1) #A Activities — Financial Domain Business Aciast these are the delivered
domain business activities regarding the finaniastitutions.

(2) #B Activities — ISOFIN Platform Services Intsgwn: these are the activities
that relate to the integration of supplier services
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In order to characterize an organization, it isuresfl to relate a set of roles to the
performed activity type. Finally, the interactiopstween organizations are specified.
In Fig. 7, it is possible to depict the requirethtiens between organizations in order
to create an IBS and providing it to ISOFIN Custesnd&he professional profiles and
the exchange of information between organizatigesnat relevant in this paper, so
only brief and simple examples are presented arig the types of activities are

described.
#A #B

Business Requirements

ISOFIN Customer Subscribe Platform ISOFIN Platform
Provide IBS

Fig. 7. Organizational Configuration Example

In an early analysis phase, we need to definedladions between activities and
actors, defined through interactions in our apphno&ateractions are used during the
more detailed design phase where the precise pnt&ess communication must be
set up according to formal protocols [30]. An iatefion can be displayed in a UML
sequence diagram.

Traditional sequence diagrams involve system obj@ttthe interaction. Since
modeling structural elements of the system is bdydime scope of the user
requirements, Machadet al. propose the usage of a stereotyped version of UML
sequence diagrams that only includes actors andcases to validate the elicited
requirements at the analysis phase of system dewelot [25]. We creaté&-Type
Sequence Diagrams, as shown in Fig. 8. In the eleamye present some of the
activities and actors required to create a new IBSypeSequence Diagrams also
models the message exchange among the externed aci use cases (later depicted
in Fig. 13).

In Fig. 8 we depict sequential flows of processlewse cases that refer to the
required activities for creating an IBS. These \dti¢is are executed within #B
activities, after receiving domain-specific requoients from ISOFIN Customers and
before delivering IBS (interactions depicted in @€ of Fig. 7).

The usage oA-TypeSequence Diagrams is required to gather and faenttie
main stakeholder’s intentions, which provide arhestration and a sequence of some
proposed activitiesA-Typesequence diagrams realize the roles presentedhveith
OC and instantiates them into activities.-Type Sequence diagrams allow a pure
functional representation of behavioral interactiwith the environment and are
appropriate to illustrate workflow user requiren®erf25]. They also provide
information for defining and modeling use cases girocess-level perspective and



frame the activities execution in time. Modeled gigans must encompass all
processes and actors.
A-type Sequence Diagram : Create IBS )

{U2.1.} Perform {U2.2.} Choose $BS U23.1.} Define
. . . IBS Internal
IBS Business Requirements Analysis specs IBS Developer
Structure |
Ana!yst

1. Analyze Requirements }

L
2. Return Requirements |

A

3. Select set of SBS specs from Catalog

4. Return subset of SBS specs
Il

A
I

5. Define IBS Behaviour
|

|
8. Return IBS Internal Composition }

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
|
I
I
I
I
I
I
I
! |
» |
>
|
|
|
|
|
t |
! |
! ]
>
>

Y

9.‘ Request Creation of new IBS

Fig. 8. A-TypeSequence Diagram

One of the purposes of creating a software logicahitecture is to support the
system's functional requirements [9]. It must bsuasd that the derived logical
architecture is aligned with the domain-specified® On the one hand, the execution
of a software architecture design method (e.g.,)Sftovides an alignment of the
logical architecture with user requirements (présgrnin section 4.3). On the other
hand, it is necessary to validate if the behavibrthe logical architecture is as
expected. So, in a later stage, after deriving gaicdd architecture, to analyze the
sequential process flow of AEs (as shown in Figv@ adopt different stereotype of
UML sequence diagrams, where AEs (presented indfieal architecture), actors
and packages (if justifiable) interactions are nbedeln Fig. 9, we present the same
activities concerning creating an IBS but in a lowevel of abstraction, closer to
product designB-Type Sequence Diagrams differ from the traditional or@sce
they model the exchange of information betweenraciad logical AEs, thus they are
still modeled at the system level.

Sequence flows between AEs are only possible i sugath is allowed within the
logical architectureB-Type Sequence Diagrams are used to validate the derived
logical architecture, through the detection of nmgsarchitecture elements and/or
associations to execute a given process withim¢hived logical architecture.

B-Type Sequence Diagrams can also be used to validateessegs in the
previously modeledA-Type Sequence Diagrams, since the sequence flows hetwee
use cases must comply with the related sequenees flietween AEs irB-Type
diagrams. This validation is considered essentialur V-Model process. There must
be modeled as marg-Typesequence diagrams as necessary to fully repréisent
business context detaiB-Type sequence diagrams must be modeled to match
corresponding business requirements giverdfypesequence diagrams and there
must be enougiB-Type sequence diagrams to ensure that all AEs of thedb
architecture are used.
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Fig. 9. B-TypeSequence Diagram

42 AnUML Metamodel Extension for A-Type and B-Type Sequence
Diagrams

The usage ofA-Typeand B-Typesequence diagrams in our approach is perfectly
harmonized with UML sequence diagram’s original aatits, as described in the
UML Superstructure [30]. We present in the lefesaf Fig. 10 some of the classes of
the UML metamodel regarding sequence diagramshémnteractionscontext of the
UML Superstructure). A&\-Typeand B-Typesequencealiagrams differ from typical
sequence diagrams in the participants of the iatierss, the usage of these diagrams
regards theLifeline class. A lifeline represents an individual papéagit in the
Interaction The Lifeline notation description presented in the UML Supacitre
details that the lifeline is described by itsonnectable-element-nameand
<class_name, where <lass name is the type referenced by the represented
ConnectableElemenand its symbol consists in a “head” followed byeatical line
(straight or dashed). £onnectableElemer(from InternalStructuresis an abstract
metaclass representing a set of instances thatrplag of a classifier. Theifeline
“head” has a shape that is based on the clasddiethe part that this lifeline
represents.

The participants in the interactionsAaTypesequence diagrams are use cases and
in B-Typesequence diagrams are architectural elements. &agak-Typesequence
diagrams, the UML Superstructure clearly defineslass for use cases. However,
regardingB-Typesequence diagrams, architectural elements areonstdered in any
class of the UML metamodel and, despite some siitida in semantics, are different
from UML components. Such situation leads to theessity of defining a stereotype
«Architectural Elementfor the NamedElementlass (depicted in the right side of
Fig. 10). AEs refer to the pieces from which theafilogical architecture can be built
and currently relate to generated artifacts andtmdheir connections or containers.
The nature of architectural elements varies acogrddo the type of system under
study and the context where it is applied.



«stereotype» UML::Classes::Kernel::
Architectural Element NamedElement

‘ Classifier ‘

* | +subject
{subsets ownedMember}

+represents \(/ 0..1 +| + useCase +ownedUseCase N

UML::C i uctures::InternalStructures:: ‘

ConnectableElement UseCase ‘

Fig. 10. The Proposed Extension to the UML Metamodel forrBegntingA-Typeand
B-TypeSequence Diagrams [29]

Like the ConnectableElementlass, UseCase class is also generalized by
NamedElementlass. The information regarding abstract synta{crete syntax,
well-formedness and semantics [31]WdeCaseclass and the context in which we
defined the stereotypeArchitecture Elementdoes not express any condition that
restricts them of being able to act @SannectableElement

4.3  Derivation of Process-Oriented L ogical Architectures

In this section, we present the process-level kgarchitecture derived using the
4SRS method. The process-level application of 8leS method used in this example
is detailed in [22], and so detailing it is nottire scope of this work, being, as such,
treated like a black box in the V-Model descriptias represented in Fig. 11. The
method takes use cases as input, since they redlidted requirements and

functionalities. Use cases are derived frAriypeSequence Diagrams and from the
OCs.

A-Type Sequence

FPDT

N

Use Cases Logical Architecture
%<§ T EEa

BlackBox

Fig. 11. Derivation of Process-Oriented Logical Architeetsir

GatheringA-TypeSequence Diagrams can be used as an elicitatitbnitpie for
modeling use cases, after eliminating redundancygive a proper name to the use
cases used in the sequences. All use cases ddfitleelA-TypeSequence Diagrams
must be modeled and textually described in thecase model in order to be used in
the 4SRS method.



The use case model specifies the required usagbe ¢8OFIN Platform. In Fig.
13, we present a subset of such usages, regattindetvelopment of functionalities
to be accessed by ISOFIN Customers. These use dakad to capture the
requirements of the system that where initiallyregged through OCs in the business
perspective and later represented ugirfypesequence diagrams.

Use cases, in the process-level perspective, pottra activities (processes)
executed by persons or machines in the scope ofsystem, instead of the
characteristics (requirements) of the intended petslto be developed. It is essential
for use case modeling to include textual descnigtidhat contain information
regarding the process execution, preconditionsamtions, as well as their relations

Fig. 12. ISOFIN Process-level Logical Architecture

Fig. 12 depicts the process-level logical architextfor the ISOFIN project and
contains nearly eighty architectural elements. Tigigre is intentionally not zoomed
in, just to show the complexity of the ISOFIN prtj¢hat has justified the adoption of
process-level techniques to support the elicitatdforts. A proper zoom of the
architecture can be found in Fig. 14, detailing sarhits constructors.
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Fig. 13. Subset of the Use Case Model from the ISOFIN Project
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Analyst

The 4SRS method execution results in a logicaligecture diagram, presented in
Fig. 12. This logical architecture diagram représehe architectural elements, from
which the constructors can be retrieved, their @asons and packaging. The
architectural elements derive from the use caseeiriogl the execution of the 4SRS
method. In this representation there are packapes represent, for example,
subscription activities ifP6} ISOFIN Platform Subscriptions Managemeand the
SBS and IBS development {*1.} SBS Developmerand {P2} IBS Development
respectively. Inside bo#iP1} and{P2} it can be found the requirements activities, the
analysis decisions and the generators for the nwajostructors (IBS and SBS). It is
also possible to observe that each SBIRih4} SB$ and IBS (in{P2.4} IBS result
from activities able to generate their code. Thiscpss-level logical architecture
shows how activities are arranged so the major tnasters are made available to
ISOFIN Customers within the intended IT solution.

: 2
{P1.3} SBS | {P2.3}1BS
Canarator I Generator
|
<<interface>> <<datas> I <<II‘ItE-na|:E>>
| (AE3.7.2.i} Local {AE3.6.d} 5BS L] (ae2.7.i) execute
<85 Publishi imsleniertation il'| 18s publication in
Interface Decisions I Cat:lalog
T
|
e
| : <<control>>
| i {AE27.c}1BS
<<interface>> el
41 i L] | Publication
Sinins s {AE3.7.1.]) Remote | Gitiaa
{AE3.6.i} Generate = 1
SBS P I
SBS Code |
Interface J L1 =<interface>>
[ ! ' [AE2.6.1.0}
«generatesy ] Generate |BS Code
|
|
{PL.4} 5BS ‘I
<<data=> ((dﬁ"’[a))
| {AE3.7.2.c} Local {AE3.7.1.c} Remote
SBS Publishing SBS Publishing
Information Information

Fig. 14. Subset of the ISOFIN Process-level Logical Archiiee

The architectural elements that compose the logicehitecture diagram result
from the 4SRS method execution, taking as inputube cases and their textual
descriptions from the use case model. In Fig. 14pvessent a subset of the logical



architecture diagram, correlated with the use esample from Fig. 13, where we
can more easily depict such relation between the asses and the architectural
elements. For instance, the architectural elerf@2.6.1.i} Generate IBS Code
derives from the 4SRS method execution appliedstecase {U2.6} Implement IBS
Another example, the architectural elemd/ts2.7.c} IBS Publication Decisiorend
{AE2.7.i} Execute IBS Publication Deploymemrive from the use casg)2.7}
Publish IBS Description

44 V-Model Considerationsand Comparison with Related Work

For creating a context for IT product design, theMgdel presented in this paper
encompasses a set of artifacts through successiixation. Our approach is different
from existing ones [16-18], since we use a proteast perspective. Not only do we
manage to create the context for product desighweualso manage to align it with
the elicited domain-specific needs.

Our stereotyped usage of sequence diagrams adds reymesentativeness value
to the specific model than, for instance, the prese in Krutchen's 4+1 perspective
[9]. This kind of representation also enables tgsequences of system actions that
are meaningful at the software architecture le@2l].[ Additionally, the use of this
kind of stereotyped sequence diagrams at the $tege of analysis phase (user
requirements modeling and validation) provides ienftlier perspective to most
stakeholders, easing them to establish a direcespondence between what they
initially stated as functional requirements and ttha model already describes.

In the ISOFIN project the usage AfTypeSequence Diagrams also contributed to
creating a standard representation for the scendha are intended to be supported.
The B-Type Sequence Diagrams that derived from #d@ype Sequence Diagrams
allowed designers to validate the logical architextagainst the given scenarios and
at the same time represent the process flow depictihe architectural elements.

Regarding alignment approaches that use set of mfldee GQM+Strategies [5],
Balanced Scorecards [6] or COBIT [7]), all relatealigning the domain-specific
concerns with software solutions. As far as thénenst of this paper are concerned,
none of the previous approaches encompasses pescéss deriving a logical
representation of the intended system processéstiét purpose of creating context
for eliciting product-level requirements. Those w®g@Thes have a broader
specification concerning risk analysis, auditinggasurement, or best practices in the
overall alignment strategy.

45  Assessment of the V-Model

Having a structured method makes the analysis talpleaand at the same time helps
ensuring that the same set of validation questaresplaced in early development
stages. With the purpose of assuring the attaiogiddl architecture representation is
tenable, we chose to validate it and the underlyfiylodel, using the Active
Reviews for Intermediate Designs (ARID) method [33]

Our concerns relate to discovering errors as s@opoasible, inconsistencies in
the logical architecture or even inadequacies thi¢helicited requirements, expressed
through theA-TypeSequence Diagrams (scenario requirements) andasgensodels
(specific process-level requirements).



The ARID method is a combination of Architectureadeoff Analysis Method
(ATAM) with Active Design Review (ADR). ATAM is adfined and improved
version of Software Architecture Analysis MethodAf\) that helps reviewing
architectural decisions having the focus on thelityuattributes requirements and
their alignment and satisfaction degree of spedfiality goals. The ADR method
targets incomplete (under development) architestuperforming evaluations on
sections of the global architecture. Those featorade ARID our method of choice
regarding the evaluation of the in-progress ISOIfNcal architecture.

The focus of this section is not to present the B\RHtaptation to our V-Model,
which will be addressed in a future publicationstéad, we present a simplified
diagram that encompasses major ARID representatiegsired to align with our
V-Model models, as seen on Fig. 15.
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We present our adapted ARID specific models Rkeject Charter Materialsand
Issues ARID requires that a project context is defineantaining information
regarding the identification of the design reviesveWe have represented such
information using theProject Charterbox as used in project management [34]
terminology. The Materials box represents the supporting documentation, like
presentation that needs to be done to stakeholdeesj scenarios and meeting
agenda.lssuesrelates to a checklist that includes but is natitéd to notes
concerning the presentation, the presented logarghitecture, newly created
scenarios and validation scenarios. T8sesrepresentation is used to identify flaws
in the logical architecture diagram and thereforenmting a new iteration of the
4SRS method.

ARID was used in the ISOFIN project to assess tloegss-level logical diagram
as a result of the V-Model approach. TPmject Charterwas created with the initial
requirements the project, the stakeholders, thendeaudget, timings, intended
context and others, that influence directly oriadily the project’'s execution. Having
this in mind, it is possible to represent the Orgational Configurations (high-level



interactions in the domain of analysis). The ineshdontext described in tiRroject
Charter gives hints on the domain interactions and thées$talders are able to
provide more information about the roles and aftitipes that must be supported.

The Materials model stores information regarding the createda@mational
Configurations, A-Type Sequence Diagrams, Use Case models and the derived
Logical Architecture. This information is useful rf@resenting the project, the
rationale that sustained the creation of the usedets and the scenarios that are used
as basis for the requirements elicitation.

Using the information of theéMaterials model a presentation is made to the
stakeholders with the intention of assuring thhtta initial requirements are met, in
the form of scenarios. A scenario is representedrt®y-TypeSequence Diagram and,
for each, is discussed and presented the pathnthat be followed in the Logical
Architecture diagram to accomplish that given scdenaThis path is represented
usingB-TypeSequence Diagrams. Any problem with the path (erctural elements
missing, associations not possible to accomplisid, foutes, etc.) are stored in the
Issuesmodel and a new iteration of the 4SRS method écebted. This iteration can
be promoted by changing the initial scenariésTipe Sequence Diagrams) or the
initial requirements (use cases).

5 Conclusions and Outlook

In this paper, we have presented a process-ley@loaph to creating context for
product design based on successive derivation ditaan a V-Model representation.
We useA-Typesequence diagrams as a bridge from domain-specéds to the first
system requirements representatiBfilypesequence diagrams are used as validation
for A-Typesequence diagrams and the logical architectuigratia. The used models
represent the system in its behavior, structureeapected functionalities.

The approach assures that validation tasks arenpezfl continuously along the
modeling process. It allows for validating: (i) tfieal software solution according to
the initial expressed requirements; (ii) BBelypesequence diagrams accordingito
Type sequence diagrams; (iii) the logical diagram bgvérsing it with B-Type
sequence diagrams.

Due to the use of a process-level perspective adsté the typical product-level
perspective, our approach might be considered laydbe delivery of usable results
to technological teams. Although, we are formatizem model called process-level
architecture that is the basis for the domain-digeand software alignment, assuring
the existence of one effective return on the inwestt put into action during that so-
called delay, decreasing, namely, the probabilitypmject failure or the need for
post-deployment product rework. These advantage® well appreciated by the
designers and developers that used the procedslbgjieal architecture artifacts in
their work. Also, they were presented with theaadile that was made, in terms of
processes that must be supported by the applicatieay developed.

The presented approach compels the designers amtbgers to provide a set of
models that allow the requirements to be sustayngpécified. Also, using multiple
viewpoints, like logical diagrams, sequence diagramother artifacts, contributes to
a better representation and understanding of thesy Each created model in the
V-Model takes knowledge from the previously creataatlel as input. Since they are



created in succession, the time required to dexigerzen model, for the same degree
of representativeness, is smaller than the previons. For exampleA-Type
Sequence Diagrams take as input information froen@€ model. This means that
the context for building\-TypeSequence Diagrams is created by the OC model.

In the left-side of the process, the OC model regmées processes at a very
high-level. The refinement of requirements lowdre abstraction level. In similar
context to the one presented in our case study lfawing a defined context for
product design), this approach is capable of sigmith very high-level models and
end with low-level information. Also, deriving thenodels allows uncovering
requirements that weren't initially elicited.

As recommended by the ARID method, the V-Modelhteao conduct reviews
regarding architectural decisions, namely on thaliuattributes requirements and
their alignment and satisfaction degree of spegjfiality goals that are imposed to
the created scenariod-TypeSequence Diagrams). These quality attributes resview
were not explicitly done in the ISOFIN project. tead, those requirements were
imbued in design decisions related to the logicehitecture.

Unfortunately, our approach could not be comparél wther approaches within
the same case study. It was also not possibled@dtesh team on the project just to
perform other approach for comparison reasons.

It is a common fact that domain-specific needs, elgrhusiness needs, are a fast
changing concern that must be tackled. Process$-#guhitectures must be in a way
that potentially changing domain-specific needs é&weal in the architecture
representation. Our proposed V-Model process enassgs the derivation of a
logical architecture representation that is alignéth domain-specific needs and any
change made to those domain-specific needs iscteflan the logical architectural
model through successive derivation of the suppgnodels (OCsA- and B-Type
Sequence Diagrams, and Use cases). In additiameatdity between those models is
built-in by construction, and intrinsically integea in our V-Model process.

As future work, we plan to study the derivation tbe current process-level
architecture into product-level models, maintaininuginess alignment.
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