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Name of Author: Ali Fouad

Thesis Title: Embedding Requirements within the Mo@I Driven Architecture

The Model Driven Architecture (MDA) is offered aseoway forward in software systems modelling to
connect software design with the business domdia.general focus of the MDA is the development of
software systems by performing transformations betwsoftware design models, and the automatic
generation of application code from those modedétwire systems are provided by developers, whose
experience and models are not always in line witisé¢ of other stakeholders, which presents a cigaléor
the community. From reviewing the available literat it is found that whilst many models and notadiare
available, those that are significantly supportedhg MDA may not be best for use by non technical

stakeholders. In addition, the MDA does not exgllictonsider requirements and specification.

This research begins by investigating the adeqoatye MDA requirements phase and examining the
feasibility of incorporating a requirements defimit, specifically focusing upon model transformasoMDA
artefacts were found to serve better the softwanencunity and requirements were not appropriately
integrated within the MDA, with significant extensi upstream being required in order to sufficiently
accommodate the business user in terms of a reqeires definition. Therefore, an extension to theAMD
framework is offered that directly addresses Regnénts Engineering (RE), including the distinctién o
analysis from design, highlighting the importanésmecification. This extension is suggested tthierr the
utility of the MDA by making it accessible to a weidaudience upstream, enabling specification ta teect
output from business user involvement in the rexjuents phase of the MDA. To demonstrate applicgpili
this research illustrates the framework extensigh the provision of a method and discusses theofifee
approach in both academic and commercial settifigs results suggest that such an extension is
academically viable in facilitating the move fromadysis into the design of software systems, adulestor
business use and beneficial in industry by alloviorghe involvement of the client in producing netsl

sufficient enough for use in the development ofigafe systems using MDA tools and techniques.
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The MDA (OMG 2003b) is an approach to software dlgwment in which application code is proposed to be
automatically generated from design models. Théyaissand design phases of the MDA are known as the
Computation Independent Model (CIM) and the Platfemdependent Model (PIM) respectively (OMG
2003b). Prior experience on the Requirements Engimgeanit of the Computing Masters Framework at
Bournemouth University demonstrated that there neag kack of emphasis put on the construction of the
CIM within the MDA. The CIM was exposed as not beaugsidered integral in most MDA
implementations. In RE, the area identifying a dediproblem is known as the problem domain (PD), to
which solution systems are built to remedy thabfgm. Requirements are the desired effects that the
solution software system is to provide within the Bray 2002). The OMG describe the CIM as “the
environment of the system, and the requirementthsystem” (OMG 2003b) and it is therefore used t
addressll issues relating to the PD and requirements defin{Blanc 2009; OMG 2003b; Slack 2008).

Understanding the requirements of stakeholdergliffiaulty within software systems development
(Kappelman et al. 2006). It is identified that “Ed@nd organisation factors influence system negments”
(Sommerville 2004) and therefore, solution systeeed to reflect company strategies and processes,
available resources and the environment in whielptioblem exists. Through the extension of RE ugstre
the alignment of business strategy with Informafi@ehnology (IT) is enabled by allowing for orgaatisns
to define business processes in terms of theitegfi@value and then be reflected in the techno(@geson
et al. 2002; Bleistein et al. 2006). Requirementsetiod) languages are “fundamentally different from
programming and specification languages whose stisjatter (software systems) is man-made, bounded
and objectively known” (Greenspan et al. 1994js Buspected that techniques natural to the figldRE and
Business Process Management (BPM) are not apprdpréatdressed by the MDA. Business Analysts tend
to define processes informally, using simple floarting notations, whereas Software Engineers takb s
informal process notations and add further detadl @bstractions to suit the engineering need. Deweént
within the MDA involves the transformation of soanmodels into target models, typically in the avka
design (Sheena et al. 2003). To facilitate the eotian between business analysis and software riebig
MDA would ideally support the definition of workfles via domain specific modelling (DSM) techniques
that are transferable to modelling techniques usadftware development (Celms et al. 2003). Theabje

is for application code to be developed or gendrxtam models that are directly informed by busimes
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1.1 Rationale

The sooner you start, the longer it takes (Brook&)9

This was Fred Brooks’ vision, which still holds trigglay, in that time is well spent in defining regments
in the development process. If time is not investieen more time and money is wasted in fixing fEots,
rewriting or maintaining erroneous code for miseeéhcorrectly elicited requirements (Brooks 1975;
Greenspan et al. 1994; Kleppe et al. 2003; SomiteR004; STSC 2003; Wiegers 2000). As computer
hardware technology evolves, the requirementsinglab produced software applications increase)glo
with an obligation for software developers to eedinat the quality of those software systems stdine
with company strategies (Beeson et al. 2002; Bleisteal. 2006). In reality, root factors with rédeit to the
differing ideals of software developers and busiresnsumers create a gap in understanding andypoorl
defined requirements have been seen to lead tdtduda of failed projects (Bray 2002; Coughlan and
Macredie 2002; Greenspan et al. 1982; Kanyaru 200&juirements are defined by non technical
stakeholders and interpreted by technically mindkagelopers; there is no traceability mechanism betw
the two (Ample 2007; Gotel and Finkelstein 1994)m@wunication theory relates that because these two
stakeholders are from different backgrounds ane faiffering knowledge levels, a “lack of comprehiens
(Lautenbacher et al. 2007) in design can be expegikleading to erroneous systems being developed,
supported by Coughlan and Macredie (2002). Thisiestd differing terminologies, levels of granulgyit
varied models, approaches, tools and methodoldBie$e and Bordbar 2006). It is common knowledge that
companies establish, and implement strategy aridebaired software systems should be in line witbh
strategies. However, it is difficult for softwarewklopers to fully understand and implement sucdtegies
as they are not business users. It is equallycdifffor business users to develop and commungtetitegies
in technical terms as they are not software deestoBince “communication does not depend on vghat i
transmitted, but on what happens to the persorréleaives it” (Cockburn 2007), a communication gap

between the business and software analyst is biueld.

To address this communication gap, much acaderséareh has been directed at the MDA. The Object
Management Group (OMG) provide a list of “committainpanies” (OMG 2007a) regarding the application
of the MDA, but they themselves are suggested ¢tecethe creation and transformation of the CIM
(Ambler 2007; Kabanda and Adigun 2006; Karow antil&® 2006; Phalp et al. 2007). The specificatibn o
software systems is defined as the interface betwezenvironment and the machine (Gunter et &020
Jackson 1995), accounting for requirements and@mviental concerns. The importance of PD analysis a
specification is somewhat dampened by placingeddited concerns under the CIM. Currently, the CIM
“merely informs the decision makers about the sp&eontext but does not influence design decisinres

functional describable way” (Karow and Gehlert 2006
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The conceptual framework prescribes an approadtstimauld be simple for non-technical stakeholders t
provide and produce artefacts that are understémétabature to that stakeholder (Slack 2008; SaRg6).
However, the PIM and Platform Specific Model (PSdifhe MDA are complex in nature as they must
contain enough detail to generate the associatel &ven some of the best developers, who mighg hav
many years in the field of Software Engineeringyrave had little or no formal training in software
modelling with significant costs being associatéthvacilitating such training in becoming a progint
modeller (Berrisford 2004; Cook 2004a; Lavagno and:lMu 2006). In literature, a good deal of attemti®
placed on how following the MDA can be beneficathe development of software systems and the
stakeholders involved (Brown 2004a; Hofstader 2006ppe et al. 2003; Meservy and Fenstermacher 2005;
OMG 2003b, 2010), but not much has been offeredraigg the real costs associated with creating such
systems, re-engineering models from legacy systemidghe additional training that is implicated. éatment
could help to ensure that business users and sefalesvelopers can indeed communicate ideas coherent
and that business users are not duped into thirikeighe developers know what they mean by mdtiels
create at the CIM level, resulting in a projectdedl due to such misunderstandings (Lavagno andltuel
2006).

The MDA vision has yet to be applied to conceptRih(Ambler 2007; Kabanda and Adigun 2006; Karow
and Gehlert 2006; Phalp et al. 2007). To help &tewconcerns, visualisation tools could be produszsed
upon MDA concepts and applied to RE with a businsss interface, in effect allowing the business tise
produce specification prototypes at the CIM level attimately authorise one for which software madel
could be built upon by developers, who might therable to proceed to develop the system from teebss
user specification. A prototype of key functiongigood starting point, to “prove the architectuftedfstader
2006). One solution might be to establish a besttjre framework based on context, allowing forruse
interaction to fix any errors, or limit the systémonly containing distinctive components (Adle02). To
adequately address this, it is necessary to urashetrshe underlying impact of visualisations resgltirom
such a framework on the relationships between igusalisations, the underlying models, and the assat
business paradigms. Therefore, an evaluation ¢ srwd techniques within academia is presente@dop

the preliminary research in Chapter 2.0. Severalriegies are evaluated in terms of RE and the MDA.

The scientific motivation of this study is that REehiniques can interface well with business userataunot
explicitly considered for use within the CIM phaddhle MDA. The early identification of requirements
models and correct transcription into the MDA isgwsed to enable the alignment of software develope
understanding with that of the business user, pa@ting both business strategy and process in the
development of software systems. Embedding reqeingsnwithin the MDA is an important contribution in
the field that would hopefully bring the added Hraf quality and consistency via tool supportcgria
human reading a paper model may be forgiving —udonaated transformation tool is not” (Kleppe et al.

2003). If implemented correctly, the approach najlitate a relatively low cost, simple method wiitie
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potential to decrease the likelihood of projeciuig, provide confidence in produced products dtichately,
an overall reduction in cost and production schedail with a positive baring on software qualigsarance

by making the MDA more accessible to business users

1.2 Scope and Aims

In this section, the scope and aims relating t® thsearch are outlined. Each aim is related to ekl in

answering the research question below, which iglithving focus for the project:

To what extent can the MDA incorporate a requirerselgfinition created by business user involvement
within the CIM phase of the MDA to be practical ie tievelopment of software systems?

The thesis addresses this research question stitegdour aims in the context of RE directed atrib&on
that the current MDA definition is unsuitable farcgessful application in the business environnmeggliring

significant extension to achieve that. Each aimlissussed in turn within the subsequent paragraphs.

Aim 1: To examine the definition of the CIM withie DA and consider the appropriation of it as an

interface with the business user for defining reguients in MDA notations.

The notion ofearning to walk before you rus one that can relate to the MDA. This is becahsemajority
developers have not yet even begun sketching it/ttitied Modelling Language (UML), let alone
developed the art of creating sophisticated maakgtsy such tools that are required by the MDA (&indi
Ambler 2003). In industry, “UML compliance is nat Bnportant as the business value” (Staron and Wohl
2006), however, compliance is essential to transétions of the MDA. Very little industry-wide inforation
is available to support the use of the MDA beydmldcademic domain (Mattsson et al. 2009) and ghyer
those that do, report on implementations that teaen employed and described according to particular
Software Engineering situations. Whilst there aemynattempts to facilitate the application of thBMwith
explicit attention to the CIM (Casallas et al. 20D&bevoise and Smith 2009; Garrido et al. 2007; kKdfaat
al. 2008; Leonardi and Mauco 2004; Martin and LP088; Osis et al. 2007; Poernomo et al. 2008; Radh a
Schmitt 2008; Rodriguez et al. 2007a; VIDE 2009;athat al. 2008), they appear not to be implemetated
any substantial extent in defining software systesigmificantliterature is unavailable in supporting a
successful implementation of a requirements dédimitvithin the MDA. This aim looks to examine theent
to which notations of the MDA are sufficient forptaring business requirements within the softwacegss

and how accessible they are to the business usefiimng requirements.
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Aim 2: To discover how other modelling techniquestviare accessible to the business user, might be

integrated with the MDA in terms of method and notatwith the focus on transformation and traceapili

Analysis relating to discoveries made in the presiaim may suggest that MDA techniques are somewhat
inaccessible to business users because generigalgeg such as the Business Process Modelling Notatio
(BPMN) and the UML are not necessarily applicablewery PD (Jouault and Kurtev 2006; Mattsson et al.
2009; Rombach 1988). Therefore, there may be afoed¢de MDA to be open to the usage of any number
and combination of alternate tools and techniqneatefining the requirements of a software systehis &im
investigates proposed solution mechanisms to iategequirements with the MDA, specifically in terof
CIM-to-PIM and CIM-to-CIM transformations. For example discover how other non-software related
methods, such as the Role Activity Diagram (RAD), Imilge better at successfully capturing requirements
defining specifications and contributing in suppafrexisting software models from a RE standpoirthini

the CIM and PIM phases of the MDA. The selectionatfations will be guided by the literature and

comparable to those utilised by MDA phases.

Aim 3: To extend the framework of the MDA to actdomnspecification within the CIM.

It is suggested that the definition of the MDA does include any “precise rules or guidelines ey

how Software Engineers can use” the CIM, PIM and RSkstrido et al. 2007), supported by Kim (2008),
Wood (2005). Neither does it give consideratiothi»advantages that the Business Analyst and Saftwar
Engineer may gain from specific guidelines for asiflity to the architecture in terms of both fremork

and method. In support of findings made from prasiaims, it is suggested that, by extending thimitieh

of the MDA framework to facilitate RE, benefits wdlle gained with regards to the overall user eepeg
and the quality of developed systems. Aim 3 isal@d at the justification and description of medhars to
extend the framework of the MDA, by fusing RE tecjuads with those of the MDA to form a bridge between
business and software use. The extension is toduiped with recommendations that are proposed to
enhance both Business Analyst and Software Engimeggrstanding of CIM development and facilitate an

unambiguous specification at both levels, therahpedding requirements within the MDA.

Aim 4: To determine the academic and commercialevaf extended mechanisms.

The final research question is driven by the netessestablish the value and accuracy of anyresitss
suggested in resolution of the previous aim. StheeCIM is the founding phase of the MDA, it is innfznt

to know that it is formed in the correct perspeeti8uch perspective is relative to the modellertaatiwhich
is required to be modelled (Brown 2004b). Findingsf previous aims may support the argument that the
correct perspective of the CIM ought to accountifickson’s specification (Jackson 1995); a detailed

definition based on the foundations of requiremetitstation. The important discovery is a solutibat is
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not only directly useful to the Business Analysba&ing adaptable to RE techniques of elicitation,absh
valuable to the Software Engineer in the constouctif the PIM in an appropriate modelling notat{sach
as the UML) for use within the MDA. In order thatyaextension to the MDA might facilitate real syste
implementations motivated directly from the inpéittee Business Analyst, the rigour of the mechanisms
described in part of the resolution of aim 3 ibéoexplored in both academic and commercial seatting
determining whether they are viable in comparisdth aiternative techniques, accessible to businsssand
applicable to commercial processes and MDA tootstanhniques. This is imperative to underpin thetlvo

of the research in support of findings made in @ghig aims 1 to 3.

Although fertile ground for investigation, issuesating to the real cost of MDA implementationg th
applicability of MDA tools, MDA alternatives and ndor lock-in within the MDA are considered to be
beyond the scope of this investigation becausedhewn the fringe of the area to which this redegives
focus. Chapter 10.0 gives direction to follow-up kweelating to this research and discusses theses are
further detail. It is important to also consideattthe scope and methodology pertaining to thisanesh is
orchestrated with direct relation to time and @stistraints imposed on the project. A researchviseris

provided in Chapter 3.0 to that effect.

1.3 Report Structure

This research begins with an examination of theetuirstate of the art with respect to aligningribeds of
Requirements and Software Engineering. A researehviaw is discussed and a proposed methodology
determined in Chapter 3.0. Chapters 4.0 and 5.theudiscoveries made in consideration of aims 12add
provide discussion concerning those discoveriesptehs6.0 and 7.0 demonstrate how aim 3 is achibyed
introducing an enhancement to the MDA via extensi@thanisms to support RE techniques. Chapters 8.0
and 9.0 are concerned with assessing the applicatithe proposed enhancements in an academic and
commercial context, thereby addressing the last lir@hapter 10.0, final conclusions are drawreiation

to the value of the research and any difficultiesceintered, with due consideration to the projéetction

and scope.
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In 2003, the MDA emerged from the internationatie@ssociation, the OMG. Administrators of the UML
with affiliates around the world, the OMG describ&amework which implements a separation of “beisin
oriented decisions from platform decisions” (Browi02a), supported by Blanc (2009), Kabanda and Adigun
(2006), Slack (2008). The MDA utilises models asgmal artefacts for development and deploymert, an
transformations between those models. A modehigla-level abstraction of a software system, betlogv

model is the implementation, which is used to fiaiee with hardware components via the operatintegays
Since business logic is defined in business motlespbjective of current research is in lookingvays to
transfer business logic into that of IT; ensurihgttbusiness logic is represented concisely angistemtly in
sync with the business model (Koehler et al. 2002dhis section, the natural fault-line betweeftwsare
development in the MDA and the business perspeofigeich development is addressed by examining the

available literature and discussing any incons@&nuncovered.

2.1 The MDA Prescription

The MDA is presented as a way forward in the dgu@lent and implementation of software systems (OMG
2003b). The key principles for the MDA are the grtd use of models, transformations between model
abstraction layers, the description of such modelsnetamodels and associated industry standatdshw
are geared to the preservation and leverage direxiechnologies (Slack 2008). Model manipulator
transformation iital for the MDA to reach its full potential (Appukuttat al. 2003b; Ignjatovic 2006).
Grounded in software knowledge, the MDA providésanceptual framework and set of standards”
(Thangaraj 2004) for a particular software develeptrstyle (OMG 2003b). Much has been written alboeit
success and benefit of the MDA (Brown 2004a; Hokst&D06; Kleppe et al. 2003; Meservy and
Fenstermacher 2005; OMG 2003b, 2010), but strongecfor concern regarding MDA application is raised
in other literature (Berrisford 2004; Brown 2008; C&f}04a; Haan 2011; McNeile 2003; Thomas 2004).
Therefore, care and scepticism is suggested tppléed regarding claims made of the realisable evaliithe
MDA before it can be established as the new frofitiesoftware development.
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2.1.1 Viewpoints

Within the MDA are several different viewpointschaan abstraction of the previous. They are knosvina
Computation Independent Model (CIM), Platform Indegeamt Model (PIM) and Platform Specific Model
(PSM). These are the prescribed models to be ugbihwhe MDA (OMG 2003b). Transformations and
mappings are used to translate a model “from ovel l&f abstraction to another” (Brown 2004a) untitle is
generated for the designated platform defined byRBM. Figure 2.1.1.1 has been developed as ptrisof
research to facilitate the understanding of thésepoints, extending a similar model that abstrécms

assembly languages to the MDA in Brown (2004a).

MACHINE
A
Code
-
(1]
= Platform Specific
El Model
o
-
(] Platform Independent
<C
o Model
'_
o
< Computation Independent
Model
Requirements Engineering
-

HUMAN TIME

figure 2.1.1.1, MDA viewpoint abstractions (Source: developed framwB (2004a)).

The essence of MDA is the independence and sepauaitiechnologically specific platforms
(beds of functionality) (Blanc 2009; Brown 2004a; lkalla and Adigun 2006; Slack 2008).

One of the best ways to combat complexity of soféndevelopment is through the use of

abstraction, problem decomposition, and the seiparaf concerns (Sendall and Kozaczynski 2003).

With focus on the PIM, a system can theoreticadlydbveloped without the definition of a particular

platform. This enables models to be transformeal iimiplementations cdiny required technological platform,
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hardware or software. By following the MDA, investmeeturns are expected to flow “from the reuse of
application and domain models across the softwiasplan” (Blanc 2009); the biggest challenge of the

architecture being how interoperable solutionstmamade (Blanc 2009).

Whilst the MDA concentrates on models of those wieints and transformations between them, no phase
appears to give sufficient consideration to RE (Aeni2007; Kabanda and Adigun 2006; Karow and Gehlert
2006; Phalp et al. 2007). The separation of intereght to put “the Business Analyst in a unique and
potentially powerful position within an organisatfqSlack 2008) because through clear and concisgé Cl
definitions they could affect design and impleméata Indeed, the significance that is placed ostigam
stakeholders and related models reveals an execthtit MDA tools should be directed at the leviethe
Business Analyst. An analysis of tool support wasdeted by Phalp et al. (2007), finding good supfaor
stakeholders at the PIM and PSM level. Howeverpsttfor the CIM level processes was inadequate and
CIM-to-PIM transformations were unavailable (Phaiale2007). One important consideration is thhete

is no single model of a process” (Ould 2004c), yim@ that multiple CIM abstractions may be requited
fully realise a complete business process. Itgs difficult to know that the CIM which is the subjef
scrutiny, is formed in the correct perspectivegcsiperspective is relative to the modeller and wetquired
to be modelled (Berrisford 2004; Brown 2004b). Furtioethis, every model is an incompletpresentation
of some reality (Berrisford 2004; Thomas 2004). Repnéation is emphasised here since no model can eve
equal the reality of the situation (without becogthat reality). The acceptance that a model caalezpde

is something that is being neglected in researchtiansformations (Brown 2004a) and could ultimatel
demonstrate an inherent MDA flaw. If a model (allégiv, PIM or PSM) could truly represent code, ttia
need for that code (or subsequent modelling phaee)d be questionable. The MDA definition of theMClI
does not prescribe any particular abstraction aaqnce on abstraction and therefore neglects these
considerations (Garrido et al. 2007; Kim 2008; W@6@5). Furthermore, since concern in modelling is
directed importantly at semantic, rather than syticassues, a difficulty is presented in ensutimg
alignment of understanding between the Businessy&hahd Software Engineer; hence, figure 2.1.1.1
extends the MDA viewpoints with the inclusion of B&a phase prior to the CIM to interface the busines

user with the architecture.

2.1.2 Standards

The standards described by the OMG to form theshzdhe MDA include the Meta Object Facility (MOF)

(OMG 2006a), XML Metadata Interchange (XMI) (OMG®@®), Common Warehouse Metamodel (CWM)
(OMG 2003a), Object Constraint Language (OCL) (OM®&) and Query / View / Transformation (QVT)
(OMG 2008b). The OMG also offer support for defimrits in the BPMN (OMG 2005, 2008a) and the UML
(OMG 2007c). There are two key issues surroundiegtML. It is firstly, too convoluted for non-tecical

users to understand and implement and secondixerdliy the need to design complete systems upfront
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before any coding can take place; this hindersgdesind implementation agility (Ford 2009). The Ulsiihd
MOF standards do not really facilitate other medras, such as DSM tools, to be implemented, whioftd
the scope of the MDA (Cook 2004a, 2004b). Such tamsuseful across many disciplines and facilitate
understanding between involved parties. Moreobver UML does not have sufficieptecisionto enable a
complete PSM, let alone code generation (MeserdyFamstermacher 2005). Elements of some languages
simply cannot translate from UML (e.g. a UML clakses not translate into a C# class as the UML dotes n
allow for propertiesin the way that C# does. Similarly with Java irdeds static fieldsare allowed but with
UML this is not a supported provision (Cook 2004a&ddrvy and Fenstermacher 2005). A domain specific
schema for that language would be more effectiga the MOF standard as this also restricts usage in
industry (Celms et al. 2003; Cook 2004a; Frank 2@®2)it is for that reason the MOF is said not to be
supported by Microsoft (Cook 2004a). The only exangdlMDA in action is from the J2EE platform for
PIM-to-PSM mappings (Cook 2004a), which is maybe wydors (such as Microsoft) bend the rules on the
usage of the UML to, for example, support .NET miagg. Being grounded by the UML and MOF inspires
companies to mutate UML, stretch the logic or adichgletely new elements to the UML toolkit at thé/PI
level. As previously noted, the PIM is defined Battit is independent of any hardware or softwaaeqrm.
UML is being mutated across the board to enabld thansformations and mappings (Ambler 2007; Cook
20044a; Koch 2006; Tratt 2005). This in turn canseaonodels to be locked into the application progtizem
produced the original PIM (known as vendor lockany it is not a simple process of transferrindh P
created in one program into another program toterde PSM (see Berrisford (2004) for further distus
surrounding this concern). Once an understandiggiised on how a particular software program maglapt
UML paradigms, catastrophic consequences mighealsed if the code is generated in an entirelfecéht
program that generates a PSM from an incorrecdgemingly correct) PIM. Furthermore, if such amhigs
remain hidden, it could be far into the implemeptaphase before any mistake is realised. It tioeecfiolds
that whilst being useful, the “UML and MDA code geators are... not the panaceas that some would have
us believe” (Thomas 2004).

A number of software development styles have engatr&dDA techniques to differing degrees. They
include, but are not limited to, Agile Developme®Beérvice Oriented Architecture (SOA), Extreme
Programming and The Rational Unified Process. Ampta is given in Thangaraj (2004) of Cancer
Bioinformatics Infrastructure Objects, whereby instient data is made available via services provided
following a MDA. UML models are encoded in XMI fdeand are then manipulated by open source tools to
generate Java, SOAP, HTTP and PERL APIs (Thang@@#)2A further example combines the MDA with
an optimisation framework for the rapid construetad e-business software systems, which charaeteds

knowledge structure for the reusability of knowledgined on prior projects (Yoda 2001).
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2.1.3 Transformations

Model transformations are defined as those whiké tane of more source models as input and produee
or more target models as output, following a setarisformation rules” (Sendall and Kozaczynski20M
the MDA, one or more PSM is commonly created froRild via transformation, which is the “key
technology in the realisation of the MDA vision”gaukuttan et al. 2003b). The UML is more amenable t
software developers and tool support than BPM, hackfore, transformation is viewed to connect bessn
process techniques with model driven developmertc@® and Richta 2009). The vision is to automatehmuc
of these transformation processes in order thabéinefits are reaped. Further to this, “with adamgpository
of model transformation descriptions at ones diahaisfollows that it may be desirable to comb@ésting
transformations to build new, composite ones, sinisesometimes easier to compose componentsrritae
build something from basic particles” (Sendall &wataczynski 2003). A Model Driven Software
Engineering Environment (MDSEE) can be implemen¢esupport developers of the MDA with model and
metamodel access; model transformation; simulapoocess; and project definition (Blanc 2009). The
emphasis of the MDSEE should be on evolviiving models and metamodels to support the life cycle of
models (Blanc 2009). Examples of the MDSEE includ&®Bus and Praxis (Blanc 2009).

There are two different approaches to an MDA tramsétion. They are either conductednually using
profiles, patterns and markings to provide addilatetails omutomatically(where the PIM is considered
computationally complete). A typical manual tramefation would involve taking a PIM and adding pdeih
specific detail to it which can in turn evolve irftdly executable codéMarkingsare used to trace
information within a transformation and a setridrkscan be contained withinmarkedmodel (OMG
2003b). With automatic transformations, the PSM myagear transparent to the user (McNeile 2003ksinc
the PIM is transformed directly into Code, this écause there is no requirement on the user toaelagt the
PSM since the PIM and transformation is computatigrcomplete. This is illustrated in the Eclipse
modelling tool, where it appears that the PSM israpresented, and therefore brings into queskien t
necessity of the PSM phase in such an implementatiowever, a transformation language known as
Operational QVT is specified and can be used witldets of the Eclipse Modelling Framework to cater f
“model modification and transformation” (Boyko et 2009). A transformation record may also be resilt
that details which PIM elements mapped to which Réhents (OMG 2003b). The essential elements of
PIM-to-PSM transformation are illustrated in figuitd.3.1.
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figure 2.1.3.1,elements of PIM-to-PSM transformation (Source: O[2G03Db)).

In Sheena et al. (2003), effort is made to ext@edtansformation mechanisms outlined by the OMG
standards whereby a pattern-based model refactteaimique to describe UML transformations at thedam
level is offered. This technique is suggested tmmte transformation reusability at the meta-leral align
both MDA and QVT (Sheena et al. 2003). Here, patt@re used to raise the level of abstraction on
transformation so that families of pattern-basadgformations can be described for a model setpanjlist
simply directly on a model-to-model basis. In tipp@ach, a Source Pattern is offered as a metatimggel
extension on the UML metamodel that supports tem3formation Pattern; The Transformation Pattem is
metamodel supporting the transformation betweenmc®oand Target Patterns; and the Target Pattem is

extension on the UML metamodel that supports tlem3formation Pattern (Sheena et al. 2003).

The two transformation approaches highlighted tvgtirttt points of view regarding transformation
implementation. First termed by Stephen Mellor, wtas also present at the birth of thgile Manifesto
they are thé&laborationistsand theTranslationistgMcNeile 2003). Elaboration is demonstrated whes i
the intent of the modeller or developer to prodat¢emplate code structure at the PSM level astat refs
transformation, whereby it might be manually updasnd/or tweaked before the final code is gendrate
Even then, the final code may also be tweaked. dieigtes a problem of model synchronicity, with the

solution being to ensure that the models and cegleldp together, so if the code is tweaked, the ESAlko
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tweaked, and so on (McNeile 2003). This is impdriance “out of date documentation is worse thamenat
all because it actively misleads” (Ford 200Ranslationistsbelieve that all of the detail required for a
transformation should be included in the automat@asformation and therefore there should be no
requirement to ever see the PSM, since the tramsftoon will produce the output as required. Anyraes to
be made need only be made at the PIM level or agociated transformation rules. In the ethos dleAg
methods, models are considered equal to code haneffore conform to th€ranslationistideal (Mellor
2004). Whilst this divide exists, the developmemetimodology appears to not yet be mature enough to
facilitate mainstream translational MDA. For nofve tmajority of MDA implementations remain in

elaboration.

It is highlighted that “the same approaches thabntransformation of a PIM to a PSM can be ueed t
transform any model into another, related modeM®?2003b), which makes it all the more intriguirng t
consider why the MDA gives focus to PIM-to-PSM s&ormations, and not vice versa, or ones involvimg
CIM. In fact, it is suggested that such transfororaimay not be possible (Koch 2006; Meservy and
Fenstermacher 2005). Even though the RE inclusipeas an important aspect of software development,
much is left open regarding upstream transformatitterraf et al. 2008). It is thought here thathaut
traceability mechanisms between the CIM and PIMheksvnstream transformation would result in a loss
upstream richness with important requirements b&ugtost in translation. If a move in this directiovere
to be made within the MDA, a better understandihiggacy systems may be made because technical
documentation could be deconstructed and preséntetbrmat for which the Business Analyst has atge
appreciation of, and vice versa, thereby bridghmgdap between business and technological procddses
are two viewpoints when specifically consideringtipam transformations. The first is where business
process models could include enough detail to géaeode directly (Havey 2007). Such transformatiarre
commonplace in the SOA. The second, being moreaypif the MDA, is where business process models
could be transformed into computational models witlceability mechanisms to ensure originating
requirements are not lost, which can then facditae addition of detail and transformation intevdstream
models or code. It is agreed that design cannetdyeed as “a mere transformation of analysis mouhets
software solutions... the input of a transformatias ko be complete and all information must be ficanit
for the transformation... by resembling the structfresal-world perceptions without regarding softeva
quality requirements, the transformation resuléspotentially insufficient and unusable in the dasi
process” (Karow and Gehlert 2006). Therefore, famught to be on the second viewpoint of upstream
transformations as they address the differencedmtwhat is computational and what is not; codebrotg

produced directly from analysis models, rather suddels are used to influence computational ones.

30 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

2.1.4 Specification and the CIM

The MDA is the OMG’s proposed solution to issuepaitability, interoperability and reusability iheg
development of software systems (OMG 2003b). In$pcification is used to reconcile the differences
between what the business user requirements aenalgisis and what is required by design in theasog
process. However, the MDA has no explicit mechartsapture specification or account for collabeeat
interactions which are natural to the businessgs®cSpecification is rooted in the behaviour system
which does not yet exist (Bray 2002), thereforediiecept of specifying an entirely new system enages
the designer to be more creative and inventive witeducing a specification that will influence dgsi This
allows certain decisions to be made about the remqugnts, the vision the designer has of the netesyso
long as the client requirements have ultimatelynbmet by the solution system (and the client isolyagbout

decisions made, and perhaps therein lays a problem)

In the UML, specification is, at best, deliveredaaldse Case diagram and/or Use Case Description
representing some form of business activity. “UsegSare part of UML and offer a foundation or gtgrt
point for using models” (Hansz and Fado 2003). Wsa Case specification, components are broken down
into the relevantisers(or actors) of the system and tiaskscompleted during system interaction (Stevens
and Pooley 2000). Use Case diagrams are useful imRiB)y to capture which actors are required teriatt
with the system, and for each, which specific taslesrequired and, which tasks form part interactio
(Stevens and Pooley 2000). They are a common tgedrfior specification because actors are presémted
the system context via natural English (Kanyaru Rhdlp 2005). However, others argue that they “are
commonly expressed as hard-to-read text documemni$aining a mix of natural language statementsj-se
standard names and expressions and raw crossregsigGolbaz et al. 2008). With a Use Case, ieiyv
difficult (if not impossible) to show relationshipsid dependencies between event flows (Kanyaru)2006
non-deterministic and parallel processes, chotltasmhay be made to determine process flow, ther @fde
which occurrences may happen, and events whiclacolatops. The Use Case actor is a simple notioctwhi
is not rich enough to represent other importanir®ss notions, such as a role. The sequencingrobeted
events in Use Case descriptions only shows onedististance in which the events may occur and
prescribes a specification that is to some degeemstone. It is important to understand thatdider in
which events may occur for any relevant actor matybe the only way for that actor to complete ekt A
number ofcandidatedesigns may be produced and it is the role ofitheloper to distinguish the difference
between design and requirements issues, focusisgexification (Stevens and Pooley 2000). Thisitlates
that there is an overall loss i¢hnessof information and a lack of control constructgtie Use Case
diagram alone. This limitation has led some to asigintyse Case descriptions with state based infoomati
(in the form of pre and post states for every ev@fanyaru 2006; Kanyaru and Phalp 2005; Kanyai an
Phalp 2009). The concept of Use Case descriptiaiossisow a simplified, more practical descriptidribe

PD. However, it is suggested here that the adddfestate based information could complicate theepss
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and increase ambiguity. In reality, business ukave little time or inclination to spend viewingdan
reviewing model complexities and communicationuggested to be enhanced via informal approaches
(Phalp 1998). It is highlighted that “the inventiofithe behaviour is part of the specification ta(@cay
2002). This behavioural description is commonlyriagural language based rules of Use Case desasptio
of which there are already many different methauts templates (Phalp et al. 2011), which could kead
further ambiguity and misunderstanding. Use Casedezal to a specification which is divorced frorma th
system architecture, focussing rather on produdisg Cases in the relevant context rather than tjeetob
oriented nature or view of system design. Thislead to problems later in the design and implentemta
stages whereby, it can be difficult for develogersodify or add additional functionality to systeims they
have not been designed in a nature that promotesdt Cases have an entirely mfunectionalview in
comparison with other methods. Furthermore, whémgudse Cases to model the specification of a new
system, it can, in practice, be very easy to nmgsrtant requirements (Stevens and Pooley 2000jt amaly
be very easy for an inept developer to invent nespients, which of course might get overlooked & th
development process. A solution proposed to “oveemost... deficiencies” (Issa et al. 2005) of the Us
Case is provided in Issa et al. (2005) by definlgWse Case via a metamodel; which is an amalgamattio
available... techniques (textual descriptions / tabdescriptions / activity diagrams). However, the
technique is not very well described and focusdyg @m a brief Use Case model, rather than a full
specification; project size and effort is not reatidressed at all. The eXtensible Mark-up Langufd#L)
is “becoming thdingua francafor data communication between applications” (Bekt al. 2000) and an
attempt to formalise Use Cases in XML is presentethb Use Case Description Mark-up Language
(UCDML) in Golbaz et al. (2008). UCDML representsU&IL compatible template utilised for the
documentation of Use Cases” (Golbaz et al. 2008)universal language representation of the XMLsThi
supports for the portability and interoperabilifyiése Case definitions and capitalises on stronbsiapport
for the Extensible Stylesheet Language TransfoondKSLT) technology (Golbaz et al. 2008). If XSt#&n
be applied to create transformations between mositithe language could have real implication, @afig in

consideration of deriving Use Cases from other rmiat

The OMG suggest that the primary user of the CIMihadequate knowledge of models or modelling
concepts (OMG 2003b). However, collaborative madglhas been rife in the business arena for decades
The fact is, behavioural modelling notations, sasithe UML Use Case and Collaboration Diagrams are no
mainstream artefacts of MDA, nor are they “suitdblecode generation or model execution” (McNeile
2003), let alone those notations more akin withrmss objectives. The OMG write that in the MDA, KCI
requirements should be traceable to the PIM and B@Mtructs that implement them, and vice versd” an
“developed models can... be validated against requants” (OMG 2003b). Whilst idyllic, this is ndte case
since no complete mechanism is in place to faliRE concepts and the traceability between thentrersd

of the MDA. The UML is “designed for the developnhef software systems” (Frank 2002), and does not
provide such concepts and graphical notationsesemtral to BPM tools and techniques which are
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accessible to business users. This highlights ithielggm that the MDA is falling short of expectatidrhe
MDA vision of “automatic transformation” (OMG 2008bas yet to be realised in the realm of real lagsn
solutions. The promise of “machine readable appitioesand data models” (OMG 2003b) is the drivingcto
behind MDA, and by definition, data-centric modelay not be a useful way forward in modelling and
delivering software systems. The “proper managerpdtcoordination of the interactions among humans
and between humans and computerised tools areatidnd complex activities” (Conradi et al. 1992).
Information systems currently do not allow for flexibility required by human-driven processes (Remss
2009b). “For a system to be successful, that Betbuman-centric and process-oriented, it mustigeos
rich set of features that support automation aragptedion of human interaction with processes” (Basso
2009b). With sufficient modelling knowledge of sumisiness processes, it is feasible that a heaightve
prototype specification could be produced and besreffective at the CIM level.

The OMG propose that MDA decisions are based oh timisiness and technical considerations” (OMG
2003b). However, it has so far been seen in trapten that whilst the MDA might be a step in thghti
direction in development, focus is given on sofevparadigms at the expense of those related todrssi
The CIM ought to be used to realise user requiresnemd functionality, hence the need to explore eptx
of RE and BPM in consideration of the CIM. If businpsscess exploration, requirements definition dred t

CIM are left vague, progress will be difficult to kea

2.2 The Business Perception

As previously noted, requirements in the MDA argoteed in the CIM. Theoretically, code is generaec
direct outcome of MDA model artefacts and, therefonuch importance is laid upon the CIM. It is here
where the requirements are first met by computatiorodels and any mistake in the CIM will have
ramifications for the implementation. The import#ing is that the ordinary business user mustibe ta
understand, validate and apply the CIM, so thatirements are delivered correctly in the final safitey

implementation.

“Understanding user requirements is an integrdl gfanformation systems design and is criticaiite
success of interactive systems” (Maguire and Be@#®2p It is clear that if there are many
misunderstandings, assumptions and perhaps podatdin then the result will be a poor quality,imcorrect
specification, and since specification may formliasis of a contractual agreement between compahées
importance of clarity is evident. After all, “sofane is intended to change or guarantee real-worditions
in accordance with the requirements” (Cox et al.5¥4)0It is suggested here that business applicatatend

into the business domain beyond those proposelebyIDA and may help alleviate the concerns raiged i
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Section 2.1 regarding the MDA because “current Clbtslling notations are often biased towards the

mindset, paradigms and constructs of the softwaneaih” (Phalp and Jeary 2010).

In this chapter, literature pertaining to the basmperception of software development is invetsgyaith a
view to discovering the extent to which businessletiing techniques and applications may be useftihé
context of software development and, more impolgantthin the MDA. However, “modelling techniques
are like sand on the beach. They seem to existliions of variants, fashions, and styles” (Reck@6@) and
have many different uses in the development of\goft systems (Celms et al. 2003; Lehman 1989). In an
effort to document the number of available progasselling techniques, one researcher is quoted as
stopping “at the count of 3000” (Recker 2006). Iditidn to this, some techniques are expected toeier
than others at managing context specific concétstherefore clear that the focus of this chaptest be
limited to those that appear to offer the most psenor hold the most interest for investigation in
consideration of the application the MDA arenaigsussed in Section 2.1.

2.2.1 Business Process Nature

In consideration of techniques used in RE and BPM,iihportant to have an understanding of the eaddir
business processes. “Business process modellimgims@ortant phase during requirements collection”
(Badica et al. 2005). Before the rise of informatsgystems, flowcharting methods (c1920) were used to
describe procedures for internal use and for qualinagement. Once the IT world became dominaatisfo
shifted away from modelling the business procegsrims of that process to modelling information
requirements in order to build information systdffios example, the Data Flow Diagram (DFD) and the
Integration DEFinition (IDEF) - c1970s, etc) (Budi2005). Information based workflows (c1980s) gave
foundation to BPM (Kemsley 2006) and now, with thalisation of greater benefits from directing aitam
to and enhancing the business process, focus hasreturned the management of business procesdes a
modelling in terms of them (Bushell 2005; Ould 2004c

With greater need in business for emphasis on pseseand change (Bushell 2005; Kavakli 2004; Ward-
Dutton and Baxter 2009), three challenges in tlisdition period are identified by Ould (2005). BysIT
systems must change as business processes aredufféatbusiness gets more interested in its psERSO0

it gets more interested in the alignment of its pater systems with the processes they are suppesed
support” (Ould 2005). In 2005, the first Internaiid Workshop on Requirements Engineering for Business
Need and IT Alignment (REBNITA) was hosted at theb®ane, in Paris, which held alignment as the céntra
theme. In the introductory notes of the proceedfogREBNITA it was suggested that “it is no longer
possible to consider IT separate from the busioggasnisation it supports, and hence requirements
engineering should address the business needsarfanisation” (Cox et al. 2005a). Such alignmensimu

occur as business requirements change, and indeeglsges change and therefore systems must biveeact
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to the environment in which they are deployed ather than being static and focussed on data (gist lné
presented in a Class Diagram). Alignment is diffiidcause of opposing perspectives; business ig abo
process and change, IT is about information. “Agaaisations mature in the Process Age, they will
distinguish themselves from those that rely sobelynformation based concepts to build a competitiv
advantage” (Basson 2009a). Therefore, systems pedddlly be founded first and foremost on the peses
which require them, not the information involvedcAange in process brings about a change of what
information is required, and where such informaticight be needed. Requirements management is

concerned with “planning and change managementh(Berville 2004) and is considered essential.

Secondly, it is suggested that information systamesbeing sold to business users as Business Process
Management Systems (BPMS); a problem which may cmngequential in the larger scheme, yet deserves
some consideration. An example can be drawn franstiucture of the MDA, defined by the OMG (2003b),
where much focus is given to software, rather thasiness process development tools. Such toolsoare
designed to be reactive to the dynamics of thenlessi environment. The search is for new technaldbit

can manage these concepts.

Thirdly, a process architecture needs to be deeeldipat purposefully and efficiently separates
organisational activity processes along “naturafehge lines of that activity” (Ould 2005), accaogtor
strategic change. Immediate technological and rallthange should not affect the process architecithe
idea behind BPM is to provide the business analtbtthe management philosophy, method and tecigiyolo
to facilitate business model flexibility, produ@rsice innovation and operational efficiency/qua(itvard-
Dutton and Baxter 2009).

2.2.2 Workflow Management

Initially, the Workflow Patterns Initiative (1990bad “the aim of identifying generic recurring ctosts in
the workflow domain and describing them in the fahpatterns” (Russell 2007). With further
advancements, a multitude of workflow systems adiand in 1993 the Workflow Management Coalition
formed with the objective of standardising the vilank arena (Russell 2007). This lead to the Workflow
Reference Model which addressed the need for sokitlmat were interoperable (Russell 2007). In
consideration of modelling business processestandésign of supporting software systems, theag'shift
from data to process orientation and... [a] foaupmcess-aware information systems” (Wohed e2Gi6).
This shift has lead to languages aligning to suipihver behavioural nature of the business procesh (@s the
introduction of Activity Diagrams to the UML) and the influx of a multitude of new languages (sash
BPMN; BPEL4WS) built specifically for the busines®pess task (Wohed et al. 2006).
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A “reference analysis framework” (Wohed et al. 20R@own as the Workflow Patterns framework is

available fromwww.workflowpatterns.comThis framework is “fine-grained” and provides ou®0 patterns

that address three different areas for evaluatioictware control-flow; data and resource (Woheal et
2006). Several recognisable patterns are definsikicategories, which can be used as the bas# for
comparative framework to investigate BPM technolsgRatterns are “universally applicable solutianghe
complex process problems that BPM projects encowaiidy” (Atwood 2006) and can be used to review
process strategy in order to ensure that they septeéhe best way of doing things via a “proced&wa

through” (Atwood 2006). The six categories and asged patterns are outlined below.

Basic Contro(Sequence / Exclusive Choice / Simple Merge /IR&iBplit and Synchronisation).

Advanced Branchin@Multiple Choice and Synchronising Merge PatterNiltiple Discriminator
and N-out-of-M Join Patterns / Multiple Merge Pat)e

Structural(Arbitrary Cycles Pattern / Collaboration / Impligiermination Pattern).

Multiple InstancegWithout Synchronisation / With Design and or Ro@iKnowledge Patterns).
State Base{Deferred Choice / Milestone).

Cancellation(Cancel Activity / Case).

The Workflow Patterns framework is purported td'the most comprehensive framework in existence”
(Wohed et al. 2006). Workflow patterns in BusinesscBss Modelling can produce advantages in terms of
reusability and a pattern is recognised as a coitipo®f one or many defined patterns (Thom eaD7).
However, several problems have been identifiedaasdciated with such BPM patterns by Atwood (2006).
They are easily mistaken for object oriented pagigintimidating for business users due to a peecki

complexity surrounding them and glorified by sorseaa all inclusive solution (Atwood 2006).

Yet Another Workflow Language (YAWL) is a patteraged language. In comparison with the YAWL
model, Wohed et al. (2002, 2005, 2006) examinéJtiie. Activity Diagrams, BPMN, BPEL and BPEL4WS
specifications, finding that several patterns aresupported by these notations. For example, thdNBP
“provides direct support for the majority of thentwl-flow patterns and for nearly half of the dpttterns,
while support for the resource patterns is scamdlied et al. 2006). Furthermore, other solutioessaid to
represent avorkaroundthat sufficiently deviates from the pattern toafiglate the conformance; such
workarounds may actually conform to the patterpetheling on interpretation. This argument is exteriae
examining the advanced patterns of the analysisdveork. Wohed et al. (2002) suggest that “the padte
referring to more advanced constructs are oftemlpsoapported in the different languages” (Wohedlet
2002), which perhaps highlights that the advan@adtems of the framework may not be suitable for
analysing the usefulness of a notation or langsay= it could be arguable that the advanced patte not
needed by all languages, or that advanced pateetfic to the notation or language in questionaia

undefined in the definition of patterns.
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In Russell (2007), 126 patterns were identified defihed with a formal reference language known as
newYAWL being proposed for “business process maugknd enactment” (Russell 2007). NewYAWL is a
derivative of YAWL but significantly incorporated & of the 126 patterns that were identified. On
completion, the language was evaluated againstierisuggested to provide good foundation for gece
aware information systems. This criteria addressedormality; suitability; conceptuality; enactkyi; and
comprehensibility of the language (Russell 2007)linitations were discussed regarding the solution

language.

Two concerns surround BPM. Firstly, it has inheritiedts from original workflow automation technoleg
which presume all processes to be mechanistictureeaOriginal workflow techniques are inadequdte a
supporting human-driven processes, such as “probtdwing and design” (Harrison-Broninski and Hayden
2004) due to the involved sequential flow struct@econdly, BPM is being adopted in the world oftBafe
Engineering because of that trait. “Rather thandpaimextension of workflow concepts, BPM is now saen
systems-to-systems technology... BPM is becoming afeldhnology solution as opposed to the business
process solution it was meant to be” (Pyke 20Q6yak proposed that business process constructy whn
facilitate “the execution of a business processmiesd in terms of these constructs in a deterriignvgay”
(Russell 2007) be formalised (Gonzales 2009a). ddigd be questionable since much of human intesicti
has a non-deterministic nature (Conradi et al. 199@) all the complexity of workflow patterns, tlisesn’t
appear to be addressed. Many modelling technigeessad in industry to help define business pressky
quality or policy purposes, however, “using traafital workflow notation to capture human-driven msses
simply provides business people with a false sehseassurance” (Harrison-Broninski 2006a). Furtber
this, every notation or language will have indeparigatterns and variations on different pattenas do not
match up to those defined. For example, the BPMMibstand up to state-based patterns (such as
milestone or data based routing patterns) sincadkegion has no notion of state, which can lead to
workarounds, for example involving intermediaterggdo simulate states. It could be argued thapétern
framework may not be the best means for evaludtinguages and notations since there is an undgrlyin
assumption that conformance to patterns equalsfalusotation or language, and no considerationasle

for usage context. It is suggested here that diontar language conforming to all patterns migttually
represent one that is overly complex and unfitgiarmpose and that one notation or language maysuit

particular context better than those which migigsut more patterns.

2.2.3 Business Process Modelling

The aim of Business Process Modelling “in the phesmnalysis is to understand processes in a ddmain
(Macek and Richta 2009). Business Process Modéitiitts the software developer, by helping to redihee
problems associated with the elicitation of systeaguirements” (Phalp 1998). Much has been writteout
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the benefits of standardisation in the BPM world dreneed for commonality in process specification.
BPMS providers now have a “near-unanimous” (Silv@08b) acceptance of the BPMN definition and
support for the notation is given by the OMG (OM@03, 2008a). Version 1.x is now supported by most
mainstream software technologies, with Versioncafying the support of main IT software producers
(IBM, ORACLE, SAP, MICROSOFT), “any BPM tool... that doest support BPMN will be relegated to
the “legacy” category” (Silver 2008b). The BPMN ist@ring a second incarnation with the 2.0 spedifica
and Silver (2009b), a long time proponent of the BRummarises the focus of the Version 2.0
specification, identifying advancements intendecesolve some of the difficulties represented iliea
specifications in Silver (2009b) and direction ¢atures excluded from the Version 2.0 specificatioBilver
(2009a).

The BPEL was designed as a formal method, complemetd BPMN and provides the specification of
business processes in serialised XML. The two tigct@s are so closely aligned that it is entirelggible to
transform from one technique to the other, therigbling the bridging of “the gap between busipeesess
design and implementation” (Gao 2006). However,'BReEL is a low level language that is necessaryjTor
to effectively build and expose business proceaseservices. The downside is that business dogantthe
low level discussions and the IT to business comoation becomes challenging because of the detail
required” (Kavis 2008). The BPMN was designed taiber friendly in comparison with the BPEL and the
2.0 specification effectively replaces BPEL as agcetion language (Silver 2009a). The “BPMN is on the
way to universal adoption” (Harrison-Broninski 20p&ad with it, a prediction that the usage of th&eBP
will diminish. This is because, as well as the BREapping functionality; the BPMN is defined alongsitie
own Business Process Definition Metamodel (BPDM)sHpecification enables the XML to be generated
directly from the BPMN and stored in the XMI form&ince the XML is complete, it can be used forearg
transformation into J2EE and .NET platforms, hemeelering the BPEL extinct. The prediction herehat
the BPEL will become surplus to requirement. SOAetogists are likely to recognise that the aligntregf
BPMN and SOA, taking advantage of the opportunitgdopting the BPMN within their products. Regarding
business processes, SOA is currently sufferingdmee difficulty as the MDA in being IT oriented. To
overcome this, the SOA “needs to take on boardyémeral principles and patterns that underpin legsin

activity” (Harrison-Broninski 2006c).

Techniques such as the BPEL, BPMN (and UML) are dsaswards providing IT support, rather than
toward describing human behaviour” and “not realljtable for high-level description of businessigt’
(Harrison-Broninski 2005c). The difficulty becomeasdent in that “users (both business and IT) thimdy
understand BPMN” (Silver 2008b) and the truth ig, $pecification can be understood quite differebnyly
those involved. The specification is different engral flowcharting in three main ways. Firstlye th
definition is semantically rich, whereby each psxis defined using nodes and connections that have

specific meaning, and it is those semantics ttebhimterest to IT. The notation can be used tovey ideas
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of surface flowcharting but semantics drawn fromahssketching may result in misunderstandings, ealjhec
in terms of the MDA and the CIM. Secondly, the BPMNevent driven, allowing focus to be given to
alternative and exceptional behaviours, which mething that is not necessarily considered whemttin
is given to flowcharting methods. Lastly, sub-pissss can be defined and hierarchically structaiémlying
the user to give focus to the level of abstractiothe process as required. This is not alwayecéfle of real
business processes which are humanistic in natgr@at always neatly structured in such a sequeariih
hierarchical manner. Wholly humanistic processe® Heeen subject to scrutiny in the suitability ofNB¥ to
model such processes, they have also been “protit&rfa description in the BPEL (Havey 2007). The
RAD is an alternative technique to modelling humareh processes more successfully. However, it has
been suggested that the BPEL can support suchuisislarger orchestration” (Havey 2007). In Dwyer
(2010), the question “Is the BPMN suitable for ugébsiness people?” is posed to the business goces
modelling community. The majority of comments sedrerelate to a common theme identified by Dan
Madison in that “BPMN is fine for automation andu$ers” (cited Dwyer 2010). This is supported by a

public debate on BPTrends (seew.bptrends.comwhich concluded that “current BPM techniques and

tools do not cater for collaborative human workgasses” (Harrison-Broninski 2006c¢). Such humanediriv
processes are becoming the requirement for softsyestem and web service support, to which conaapts
HIM and the use of the RAD notation is recommendedesthe BPMN is inadequate in managing humanistic
processes. Furthermore, the BPMN has “no concep&afirements and does not support a requirements

view of the business process (Perry 2006).

2.2.4 Role Activity Diagram (RAD)

In 1986, Martyn A. Ould and Clive Roberts presentedRrocess Modelling Language (PML), a formal
language for business process execution (basegmvmus incarnation known as the Requirements
Modelling Language (RML) (Roberts 1988), describe®Gieenspan et al. (1994)), and a diagrammatic
notation for informal process definitions knowntlag RAD. Central to these languages were the conoépts
role, activity, assertionandentity, each with their own particular underlying propest(Roberts 1988). Also
included was a transformation process allowing=8D processes to be executed in PML. RADs are useful
since they cater for the dynamics of real processksving for them to be flexible and “loose fitgj” (Ould
2003). RADs can be developed over time, allowingughdlexibility to adapt to business process nemtb
remain simple to use for the business user in nlingddusiness processes (Dawkins 1998). According t
Ould (2004c), the RAD facilitates modelling of “aspeof the real-world” (Ould 2004c) by providingtaeal
concepts such aslesandinteractions The software world of the machine is formal aaddx on logic
(Jackson 2000).

In the RAD, processes are divided across roles R&i@ notation is rather more simplistic than alteiviat

software techniques for describing business agfigsiich as the BPMN, requiring little to no traintoguse.
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The RAD notation is included as part of the RIVA nmetifformally known as the Systematic Technique for
Role and Interaction Modelling (STRIM)). The key enbement included with RIVA is that it facilitatesth
construction of what is defined apwcess architecturevhich is formed upon what are known as “essential
business entities” (Ould 2003). TReocess Trinityas described in Ould (2004a, 2006)) is used tivel¢he
essential business entities and process architedhe process architecture facilitates proceasegty and
change management, which is a “vital requiremeR¥ of supporting the agile business” (Ould 2003)
and, with the added conceptp#rsistencegviews can be created of past, present and patgmticesses.

RIVA provides an architectural theory to enablelibisiness user to recognise where natural fauk leeur,
i.e. to identify a complete process, extract ingsin appropriate tool and thereby allow for ib&osuitably
modelled. This allows the models to retain the ‘@@mce that exists in the real-world” (Ould 2004¢)ere
are essentially three themes to address when egsimgjdeal-world business processes. They are:
Collaboratior Concurrency andMobility (Ould 2004b, 2004d, 2004e).

In an effort to create a “new approach to procesdeting” (Abeysinghe and Phalp 1997), Hoare’s
Communicating Sequential Processes (CSP), which §pees to input/output events and concurrent
processes (Hoare 1978), and the RAD, were combiizeal methodological mapping process involving
mapping rules. These approaches were selectegpraseatative dbest practiceexamples from the formal
and informal approaches available (Abeysinghe draP1997). This work is extended in Phalp etE99g),
where the RAD is used to form an executable speatifio of a business process by translating the RAD i
RolEnact syntax; models can then be run on a compsieg a Windows based interface, allowing for the
business process to be “debugged before its impittien, and process specification errors capttaed
earlier” (Phalp et al. 1998). Specifically, the RAdzilitates understanding and accessibility foribeiss
users. It is “difficult to validate process sceparwith users” (Abeysinghe and Phalp 1997) whenguai
formal notations alone (Johnson 1987; Johnson 198&) combined approaches allow for this advantage,
whilst remaining formal in application. A communiice and decision making framework suggested in
Beeson et al. (2002) supports this notion wheren®plzan be reviewed and modified in the light ofradiag
circumstances” (Beeson et al. 2002). A case studyviing AXA Sun Life, Bristol HQ was the focal point
for a conceptual process model produced to refteccommunication and decision points. RADs weradou
to be “very useful for capturing the essential dyita and information in the process” (Beeson e2@02)

but presented some difficulty in describing rolergieg and over-constraint on sequential activities.

RIVA is a method that gives focus to processes, edeother techniques (BPEL and BPMN) are machine
focussed. Besides supporting agile processes, bewfit with the combination of the techniques présd

in RIVA in application to the MDA is that the concency of business processes could be adequately
addressed. This is “how concurrent processes ttteaad which processes can have many concurrent
instances and how they interact” (Ould 2003). Mesgpthe process architecture develops “over tinte a

with use, rather than being set in concrete aothiset” (Ould 2003). The difficulty of applying tiAD to
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the MDA is that describing software is not the ord intention of the RAD. “Role Activity Theory has
acquired a core of adherents over the 20 years gm@vention, but never quite made it into the |
mainstream, which over the years has concentratdulitding information-based, not process-based,
systems” (Bushell 2005). Therefore, it may be imaatrto draw on knowledge of software modellingrifa

CIM application of the RAD is to be made.

2.2.5 Human Interaction Management Systems (HIMS)

Human Interaction Management (HIM) is a techniqurenfiodelling human system behaviour via the use of

the RAD notation (seeww.human-interaction-management.in{@ushell 2005). The combination of HIM

and therole concept is central to this movement, since thegpr division of information is linked intimately
to proper division of behaviour” (Fingar 2007) ahds, the behaviour is represented in terms of Inuma
collaboration. The role utilises private data ttidete conditions in terminating role activity amdtantiate
other roles or activity. Notations such as the BPMISw only for messages to interact between twglsin
entities; with human-driven processes, interadamsually between many (for example, a confereadi,
which is allowed in RAD. BPMN is a notation that “gndaguely captures the process” (Harrison-Broninski
2006a), RADs can adequately model human-drivendotiems and they are understandable to non-tedhnica
business users, without the need for exhaustivgirica An additional benefit is that the number of
documents involved in business process modellimngoeareduced; with the introduction the RAD a single

page (Harrison-Broninski 2006a).

This technique is both contrary, and complement@aitgchniques of Software Engineering such as tHeLBP
BPMN and UML, which give focus to processes thataarmmata. The MDA describes the use of UML in
the creation of the PIM. However, “people are rofgpams, and their behaviour cannot be properly
described, controlled or supported using techniguet as BPEL, BPMN or the UML” (Harrison-Broninski
2005c) since such techniques are focussed upaeda@ement of software implementation rather than
providing support for defining the requirementhaman-driven processes and are therefore unsuitable
which is the reason why (perhaps in reference titsamd Fingar’s book “Business Process Management:
The Third Wave” (Smith and Fingar 2003)) HIM is deked as the fourth wave of BPM, beyond
technologies such as the BPMN, where “contractedgsses” and “irregular collaborations” are accadinte
for (Korhonen 2008).

2.2.6 Goal Modelling

In the modern world of business, dynamic demanadsaal on organisations force them into “reactivéepas
of change” (Kavakli 2004). “Relationships in modénimking go far beyond inputs and outputs” (Owen

2009b). This requires that businesses are able &gle enough to achieve such organisational éang
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through the precise tuning and balancing of orgdinsal goals and strategy. The point of implenrenti
information systems in the business arena is t@aelsome form of business strategy. It is thesefor
important that such IT systems are correctly aligwéh the high-level business strategy, where “homare
intrinsically goal-driven” (Conradi et al. 1992). @anodelling is used in the field of Software Erggning to
ensure that the system is built to specification, #hat the specification is representative ofrthlt system.
It is suggested that “existing software developnmathodologies... have traditionally been inspired by
programming concepts, not organisational onesjrigad a semantic gap between the software systeim a
its operational environment” (Castro et al. 2002)e@ (2009b) discusses the definition of intangible
elements into the system and the design of systeisexd on stakeholder needs, business goals and

environmental changes (Owen 2009b).

In its most generic form, goal modelling is compdf a tree or network diagram which begins witing
high-level goal and branches into a series of fdtsyindicating the causal relationship betweeh emal
(Kavakli 2004). Goals range hierarchically fromHtnigvel strategic goals to lower level technical aab-
goals. Many techniques are available in considemaif goal modelling and the choice of techniqusesast
suited to the individual context. Research has shitvanthe integration of methods can also be oéfieim
the required context (Kavakli 2004). Three key tieim process modelling adversely affect small fiess
ability and desire to engage in process modeliligpy are that there is a plethora of notationslabhs; a
large degree of complexity associated with notati@nd process models; and a serious lack of rédgrese
to support the application of process modellinga{Pland Shepperd 1994). To address this, Phalp and
Shepperd (1994) present the Goal, Use, InvestBetiyerables, Experience/Environment (GUIDE)
checklist to “tie the modelling notation used te tipal of the work” (Phalp and Shepperd 1994),qidie

DFD as a communication mechanism.

In Basson (2009a), five basic capabilities are ifiedtas the “essence of Integrated Business Manag&m
(Basson 2009a), suited to the changing businessoemént. They arBeople Guidance Process
Information andResourcewhere goals are held central to the guidancehiitgaAnother drive to align
goal modelling within software development is preed in Castro et al. (2002) where four phases are

associated with outputs in the Tropos methodolegl/demonstrated in table 2.2.6.1.
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Phase Output
(1) Early Requirements Strategic Dependency Model
- Organisational Model Strategic Rationale Model
(2) Late Requirements Revised Strategic Dependency Model
- System To Be Revised Strategic Rationale Model
(3) Architectural Design Non-Functional Requirements Diagram
- Global Architecture With Sub Systems Revised Strategic Dependency Model
Revised Strategic Rationale Model
(4) Detailed Design Agent Class Diagrams
- Each Architectural Component Described In | Sequence Diagrams
Detail (Map To UML) Collaboration Diagrams
Plan Diagrams
Implementation Beliefs-Desires-Intentions Agent Architecture for
- Representation And Generation Of Code Basg implementation in JACK

table 2.2.6.1 four phases of requirements driven design (Sowrdapted from Castro et al. (2002)).

Rather than basing a development methodology isdheerns of Software Engineering, the Tropos
methodology is proposed and presented in a cadg &itmat with RE ideals; the hope being to redinee t
semantic gap and eliminate factors apparent iningysoject failure (Castro et al. 2002). It is olaid that
“requirements analysis is arguably the most imparséage of information system development” (Castro
al. 2002) and time spent focussing on this stagkewélopment is valuable, since failure to recogais
mistake in a requirement could lead to expensiwiytealterations later in the development procAss.
similar technique known as Goal-Oriented Requiresi&nigineering (GORE) is defined for “eliciting,
elaborating, structuring, specifying, analysinggatéating, documenting and modifying requiremertshelp
ensure that goals are maintained and satisfiethglsoftware development (Robinson 2007). The i*
(distributed intentionality) is another framewohat gives attention to elements suclaet®rs
responsibilities objectivestasksandresourcegather than Software Engineering conceptsdiigcts agents
etc (Castro et al. 2002; Dowson 1987a, 1987h). Hewaetvappears that much of the soft-goal requirgse
are lost in translation when the process movesUiih mapping, since businesgedsandwantshave no
representation in the UML. The Business Strategy &arRrocess (B-SCP) framework is presented to
address the alignment of business and IT in soéwarelopment by ensuring the “validation and
verification” of strategic alignment in terms oftinformation technology involved and the undetyin
requirements (Bleistein et al. 2006). This is achitthrough the traceability of the framework inttbygstem
processes can be traced back to the initial styatbghich the company is setting out to achievasT
framework is an integration of three separate nmoti{supporting what was previously noted regartiony
the integration of methods can sometimes be beakfjiven the right context (Kavakli 2004)) whictea
Organisational GoglContextandProcess Modellingn order to achieve such alignment and tracegbilit
Model integration is achieved through mapping rukés respect to elements of each particular madehls
(Strategy) are directly linked ®equirementg the Jackson Context Diagrams (ConteRfymains of

interest(Context) are associated wiRolesof the RAD (Process) ardoals(Strategy) are related to RAD
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state transitiongProcess). The central concept of connecting sjydie requirements is perhaps the most

valuable part of the research with an interestiuk lat model mapping which is quite akin to the MDA

Stakeholders are “seldom aware of how their rolgrdautes to the realisation of business-wide dbjes”
(Kavakli 2004) and goal changes can be revealdiokiprocess of askirtgowandwhy questions in
abstracting high-level goals into sub-goals. kag that “development methodologies have traditigrbeen
inspired and driven by the programming paradigrthefday” (Castro et al. 2002). Goal Modelling
techniques adapt if the requirement is made tadorsin light of new information, which leads twetbenefit
of integration with the MDA in facilitating the dijy of changing needs and the inspiration andelfrom a
business context. Therefore, a consequence oflalgean software development process is that goalst
also be agile in respect of environmental changeis. is because software development is “non-manocto
(Thomas 1989). Furthermore, at some point in tle@agosition of goals into sub-goals, a primitive is
reached, which itself can be “difficult to disceffThomas 1989).

2.2.7 Sketch Recognition

A solution to bridge the gap between requirementsdesign methodologies is provided by Scott W. kemb
in Ambler (2007), where it is suggested that Agiilelusive Techniquese used to provide non technical
stakeholders with sufficient tools that are simpleinderstand and can adequately transfer intohenieal

PIM (see Section 2.3.9 for an extended descriptidambler 2007). With this in mind, some interesting
research in the area of UML Sketch Recognition @évijgied in Hammond (2001) by Dr. Tracy Hammond at
the Massachusetts Institute of Technology (MIT)et8king is well practiced in brainstorming requiesrts
and initial ideas for a solution. Usually, onceigasegins, such sketches are left behind in thveldpment
process (in much the same way as requirements sjo&etch recognition allows a designer to drawllUM
sketches onto a whiteboard or tablet, the sameasdlgey might appear on paper. In the MDA, such
requirements level etchings could now transpirea@rtefacts useful to design through such a tgaleni
Simulation models are usually used “when the coriyl®f the system being modelled is beyond whatist
models or other techniques can usefully repred&sffo et al. 1999). ASSIST (A Shrewd Sketch
Interpretation and Simulation Tool) uses heuridiicsterpret the sketches and enact them, allowing
prototypes to be simulated. Objects and assoc&tian be created, deleted and moved, all withwa tde
gaining a better understanding of the model. Theélreauty of this technology is that it has beesigied to
interface with Rational Rose. This is to say thateoa drawing has been made in Ketural Sketch
Recognitiorenvironment, it is then translated into XMI elertseof, for example, a Class Diagram. From this
output, it can be imported into Rational Rose whigh then generate the required code associatedheith
diagram and/or any number of transformations. &oti, this would allow for a technically challengesker

to participate in the generation of numerous vt of prototype models, all from a simple sketch.

“Sketches are recognised based on what the draje@ntdboks like, rather than how it is drawn” (Haromal
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2001). The concept can ultimately be extendedgesindoes not have to include the UML as a default
standard, it could in fact be extended to any nodeformat. See the MIT's ASSIST project at

http://rationale.csail.mit.edu/project _assist.shimnlfurther information.

Professor Randall Davis from the MIT and his teamehareated a software system knowrsketchPagd
which is tantamount to DSM for mechanical enginggriextending the application of sketch recognition
With the SketchPadanvironment, mechanical behaviours can be modaheldsimulated, thereby connecting
initial requirements to real design without any stoaint in complexity. This enables stakeholdersawee
close involvement in the brainstorming process. €ntty, only a limited number of mechanical compdsen
are recognisable and there is some concern asdtherhor not the system could be effective atmiistishing
between components that are similar in design.$dhgion might be to establish a best guess based o
context, allowing for user interaction to fix anyars, or limit the system to only containing distiive
components (Adler 2001). With a degree of visibig type of domain specific sketch recognition colog
applicable to other graphical techniques, such &tktand’'s Rich Pictures (Checkland 1981, 2000;
Checkland and Scholes 1990), which is a flexibleéckirg technique for use in the analysis and desfgn
software systems (Horan 2000), whereby user-defioedepts illustrated in a Rich Picture could be

associated with design elements via$hetchPadEnvironment.

2.3 Alternative Approaches

Whilst the MDA remains popular subject matter tedature, it is important to recognise and dis@iker
popular approaches to the development of softwgtems and the alignment of those systems witmbasi
processes and requirements. Similar to those tgobsidiscussed in Section 2.2, there are numerous
approaches available for investigation and theeefiois chapter limits discussion to those whictdtel
particular and popular interest in the domain dué which crossover specifically with the MDA et

literature.

2.3.1 Value Chain

The Lean Enterprise Institutenyw.lean.org approaches the connection between business andal T
different way. The focus here is on workflow teanrés that derive from Toyota research and are haseal
ideas presented in James Womack, Daniel Jones ameélIRoos’ book “The Machine That Changed The
World: The Story Of Lean Production” — A MIT studythe practices employed at Toyota. Firstly, hhig
level value chain is mappeBléw Kaizen and streamlined, before giving direct attentiothte lower level
processesHrocess Kaizen Organisations “need to begin by streamliningehtire value stream, and only

after that, drill down into specific processes limmate waste” (Harmon 2006) to achieve real éficy in
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the value chain and associated processes (thesertie foundation of software development). Fi th
reason, focus is given to Flow Kaizen, rather tRescess Kaizen. The argument is that process mareage
is ineffective. Research has shown that procesmgattion is firstly focussed on a single proceather than
the system as a whole and in turn, the overalesyss compromised (Dowdle and Stevens 2009). Ségond
process optimisation is not viewed as long termwile and Stevens 2009). In either case, the dlifficu
appears that, although theoretical basis and tqgagat are available, the guidance on how and wben
implement and manage process based strategies(®owdle and Stevens 2009). The method offers such
guidance with the intention to be completely mamiagjen nature and that “software tools should betused,
since they distract managers from focussing omibr of developing a high-level map” (Harmon 2006).
This is an important distinction from other methalst promote the use of software tools within BRM a
the MDA. David LaHote is the president of Lean Eptise Institute’s Lean Education Value Stream, had
outlines the key concepts of theanconceptual model in Lahote (2008). The conceptbfaadly into two
categories, the first being thdalueis to be defined from the customers’ perspectpes,product. The second
is focussed upon the importance of having a strieaahlvalue chain. All of this is done “in pursuft o
perfection” and with an “understanding of the sgstlat best supports” those concepts (Lahote 2008&).
Toyota Production System is a real implementatiocoocepts introduced by Lean which of course ed

in the car manufacturing sector. However, the cptuz Lean model can be applicable to any busiaeds
forms the foundation for the Lean Six Sigma (LS®}tmod. Three central areas to understandingeople

ProcessandPurposeand that “tools need to work together as a systgmtiote 2008).

2.3.2 Balanced Scorecard

The Balanced Scorecard (BSC) is commonly used to nedmagjness strategy, the BSC is implemented and
executed via the utilisation of key performancedatbrs and the technique is “IT-supported andhifgra
conceptual basis for management information systéishaves and Stirna 2006). In the enterprise df

the utmost importance for executives to align IThvtheir business strategy (Wegmann et al. 2005;
Wegmann et al. 2007). However, not much is offdngavay of means to ensure the validity of initimhsegy
and goals. Kokune et al. (2007) argue that “théitglof the strategy model itself is essentialt[ig} almost
entirely ignored in requirements engineering regeéiterature” (Kokune et al. 2007), not to mention

software processes.

In Kokune et al. (2005, 2007), Fact Based Collaboraiilodelling (FBCM) is proposed as a methodology for
“defining and validating business requirements” Kioe et al. 2007) to verify IT alignment with busés
strategy by giving focus to the strategic modesueimg that resulting system functions are based zalid
strategy. FBCM consists of five generic steps whighraughly based on BSC techniques. However, FBCM

extends the BSC method to incorporate the availglufifield and statistical information (Kokune ét a
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2007). The five steps of FBCM consist of severalst#ps to be completed. Each step has many tasks
associated with it. For example, Step 1 has figpaiated sub-tasks; Step 2 has two outcomes, dhesewen
elements and the other involving the analysis #&cted information in a matrix — which is quitenaplex,
relying on the availability of information to evalie the validity of strategy structure (the causal
relationships) using a correlation coefficient. fidfere, whilst raising many interesting insightshimw
information can be used to ensure the alignmehtieiness with IT, the unavailability of such infation
may hinder application. Indeed, the availabilityapfpropriate business knowledge to enable the
implementation of BSC methods has been seen asauliffin other research, such as Niehaves andétir
(2006). This difficulty is proposed to be overcowig the integration of the BSC with Enterprise Moithgj|
via the Enterprise Knowledge Development appro&iiehaves and Stirna 2006). The suggestion beirtg tha
Enterprise Modelling “can support BSC implementatioojects that comprise activities requiring the
discovery and documentation of organisational kedlgk that is not easily accessible or not of deffic
quality” (Niehaves and Stirna 2006). For IT “systdavelopment, the aim of FBCM is just to clarify goal
objectives and the ways to measure the degreenfabhievement” (Kokune et al. 2007) and, themftit is
necessary to utilise it in combination with a besis process modelling method” (Kokune et al. 200f)ch
means it could be offered as complementary to aftware process (or indeed business process)rimstef

the definition and validation of the strategic miode

2.3.3 Enterprise Modelling

As previously noted, the alignment of businesgegwwith IT is important for the success of théegprise
and it is therefore recognised that such alignmaugt be considered on an enterprise level (Wegratah
2005; Wegmann et al. 2007). However, the tasktefirating IT into the business organisation is clemp
The organisation of IT within the company is afeetby current business processes and the strategjiesd
those processes. Current business processes asdfatded by the organisation as new ways of cotimge
tasks are discovered through the use of IT. Suniptexity causes “language barriers” (Frank 2002)vben
business users and Software Engineers. Enterpiaskelihg is seen as a way of alleviating involved

concerns and degrading such barriers.

The Multi-perspective Enterprise Modelling (MEMOafmework is an example of a conceptual framework
for Enterprise Modelling. The focus of the MEMOrfrawork is on three distinct modelling perspectives,
across five alternative perspectives (see figude22l). By addressing these complementary viewsptete
and precise software systems might be createdndealin intuitive business process design and rimétion

systems knowledge, both being aligned with orgaiaisal strategy.

47 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

Aspect

Resources Structure Process Goals/Success  Environment

Factors
ﬂ:rategic
Business Units

Human
Resources

Strateqgic ompetitors

Customers

Generic
Strategies

Goals

Strategy Capital Assets ; Competitive Suppliers
Technology Flants Value Chaing Advantage bolfics
Link to Stratagic
o Employees o Tasks
L Organization EquipmentiMa- Organization Business Goals Customers
§ chinery R Processes Organizational Suppliers
o Performance
4]
a
Employees g "
" Link to Organi-
; Flatforms 1S Arehitecturs Transactions zational (rigaﬂs ﬁ—t::::jrg;
Information Applications Dﬁ?;u Workflows oy NG
SYStEI'I"I Tools F—- terfa
Level of Aggregation Level of Formalization

figure 2.3.2.1,perspectives and aspects related to MEMO framew®okice: Frank (2002)).

The two main goals of the MEMO framework are toldednterprise Modelling with strategic alignment
and to create an organisational wide knowledge bassisting of core models which can be integratedi

reused.

The Systemic Enterprise Architecture Method (SEAdM)ffered as a means to achieve more of a complete
alignment of all environmental concerns in compariwith traditional mechanisms, such as the vahaérng
the business process model and the UML (Wegmaah 2005). Business and IT alignment is defined by
SEAM specifically as “system alignment between aigational levels (from business down to IT) and
system alignment between functions levels (withim $ame organisational levels)” (Wegmann et al5200
The approach is based on systems thinking (seek@@imec(1981, 2000), Checkland and Scholes (1990))
where systems might be viewed as a whole or asn@asite (depending on audience) and the emphasis is
placed on a “well-built enterprise model and notloa process of building it” (Wegmann et al. 200H)e
enterprise model is created and, from that, pdetictiews are generated and focussed upon by tigrue.
The enterprise model describes the business giedtegies and needs of the stakeholder in terrfibof
markets of an enterprise, the enterprise itselfinid systems” (Wegmann et al. 2005) in the crinéd how
things are at project start-up and how things appgsed to be at project end. However, the authocedes
that “to be truly practical, SEAM needs to havel mgport” (Wegmann et al. 2005).

Enterprise BPM is “the modelling of all processethia enterprise, as part of and in context of ¢l t

enterprise business model” (Musschoot 2009). Tdthe process of modelling all relevant aspetth®
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business” (Musschoot 2009). By examining the “buiigdblocks” of Enterprise BPM, it is possible to “loua
solid base for modelling meaningful and correctifess processes in an enterprise context’(Musschoot
2009). Silver (2008a) discusses 3 levels of pronesdelling. They ar®escriptive Analyticaland
ExecutableA base diagram is created at iescriptivelevel, to be informative about a process. The more
detail that is added, the higher the model willgress until it becomes fulligxecutable Therefore, “the

amount of detail depends on the level you wanttoewve” (Musschoot 2009).

If you are modelling business processes to ashermtitual comprehension between business and
IT, it is mandatory to involve both stakeholderstie modelling process. If not, you'll put yoursalf

a very difficult position (Musschoot 2009).

Therefore, the languages used for modelling soévsgstems should provide business users with the
capability to model elements in a language that thelerstand; technical interpretation should ligled in

a similar manner since “a modelling language ignatrument, not an end in itself” (Frank 2002). kit
Enterprise Modelling, models are created specifidal that domain whereas with the MDA, models are
typically in the UML, which is “designed for the vidopment of software systems” (Frank 2002), anesdo
“not provide concepts and graphical representatioasare appropriate for all aspects of an enapr

model” (Frank 2002). Enterprise systems are inhbrelifficult to model due them being large and qaex.
However, the “MDA envisages systems being comprifadany small, manageable models rather than one
gigantic monolithic model” (Appukuttan et al. 2003a&hich supports the idea for model abstractiostich

cases.

2.3.4 Software Process Modelling

Traditionally, software process modelling focusedome complete model of the software process. As
languages evolved and became more complex, scat@doftware process models. Models of the software
life-cycle first came about during the 1950s/60&marily, they were to “provide a conceptual schefore
rationally managing the development of softwardesys” (Scacchi 2002). Examples include the Classic
Software Life-cycle (owaterfall approach); Stepwise Refinement; Incremental Devedopt and Release
(prototyping; and Industrial and Military Standards, and Calitgtilodels, for example (1SO12207)
(Scacchi 2002). “A software life-cycle model isheit a descriptive or prescriptive characterisatibhow
software is or should be developed... software poesdels often represent a networked sequence of
activities, objects, transformations, and everds ¢mbody strategies for accomplishing softwardugiom”
(Scacchi 2002). A difficulty in software developménthe “representation and integration” of projec
information in a manner which projects can be aalgd efficiently (Huseth and Vines 1987). Standard

relating to process modelling are typically papasdd, therefore meta-processes are suggesteddustr
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processes and enable the automatic verificatiompliementations and other standards against thewr(L
et al. 2006; Purper 2000; Turgeon and Madhavji 200 oftware development methodologies are intdnde
to improve software development by specifying thedpcts to be created, describing the activitidseto
performed, and guiding the execution of these #igttvand the use of the products” (Sutton et @91).
However, Starke (1994) extends the difficulty ofdalling the software process by identifying fiveylkaeas
which require consideration and relate to the tealigies used, number of available languages and
paradigms, types and instances of process modglandc changes which occur, and standardisation of
approaches (Starke 1994). Zave (1989) proposessthiaie application domains for which software istten
are well understood, and some are not. This distimés crucial to understanding — and improvintghe
software process” (Zave 1989). A close relationshiguggested between the domains software pracess
information systems modelling, in that both addesémilar problem but use different approached,@re
could learn from the other to alleviate such diffies (Conradi et al. 1994).

It is claimed that “by formalising the methods that... used to develop software, we will be ablediwect
deficiencies, and incrementally enhance the walywsoé is constructed” (Huseth and Vines 1987). “The
process of software design... is one of the mostigeaf human activities” (Katayama 1988) and tlfiere,
to formalise such an activity may seem counteritint “Difficulties in (formally) specifying... softare
processes... are due to the fact we have not... clelhtified what we can (because it is purely medatsd)
and what we cannot automate (because it requieadivity, intuition)” (Rombach 1988). Focussing on
characterising, planning, executing, learniagdfeedbacka formalised Specification Framework is
suggested to account for automated support in ¢ftev8re Engineering environment (Rombach 1988). A
formal approach to specification is extended tamaaot specifically for process modelling and is preed as
the Organisational Base Model in Sa and Warboys4l190utilises a formal stepwise refinement tecjuei
which is extremely complex and plagued with unféeniterminology and temporal operators, understandi
of which is required to understand and apply théhoe: The logic also requires further clarificatias it
appears to have an altogether sequential natuezefidne, it is difficult to see how alternative agxteptional
cases could be modelled. It is considered impottaitany formalisation should be human understaieda
(specifically by managers); able to develop with thanging environment; hierarchical in designedol
accommodate process concurrency; and design dlteradKatayama 1988). Justification for such a
formalisation can be given in that “every scieotstudy begins with description; software methodseed to
be described in some language so that they capther ised and communicated; and the software tipdus
needs some means of process description to adbétter quality control over products” (Katayama 898
However, it is argued that complete formalisat®nadt required so long as there are enaughual-
overridesavailable for human users to account for any dteer or exceptional behaviours within a process
(Jackson 2000).
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Integrated Project Support Environments (IPSEs)osansed to support the software development psoces
Focus in Ashok et al. (1988) is given to the amgttiire of such an environment and it is arguedttest
should “maintain an explicit model (representatiohjhe software process that is to be followed roject”
(Ashok et al. 1988). The architecture is hieraraliycarranged, “communicating sequential tasks"h@set
al. 1988) in the form of activities. ResearcherthatSoftware Engineering Institute examined ways to
augment software processes with management suffminer 1991). View-based models focus on eligjtin
information about the software process from mudtipburces, thereby constructing a model of theveoét
process from numerous alternate views. By givingi$ao a single view, each view can be subject to an
individual verification procedure. The applicatibare looks to provide management planning and cbntr
mechanisms within software process modelling. Tor@ach uses the STATEMATE tool to “represent,
analyses, and simulate software processes” (Kell®89, 1991) and is characterised by the inclusfdhree
alternate modelling viewpoints. They are firsfiynction(in the form of an Activity Chart displaying what
happens in the process); Seconbighavioural(in the form of a State Chart displaying when aod ithings
happen); and lasthprganisational(in the form of a Module Chart displaying wherentis happen and who is
involved in such happening) (Kellner 1989, 199f)Nuseibeh et al. (1993) two views of granularity a
suggested to enhance the model of the softwaregsod his method supports the decomposition of the
global view of the software process into smaller procegséerms of individual developers (Nuseibeh et al
1993). The “big problem” faced with traditional jeot life-cycles is that they are both costly ainakt
consuming, which leads for the need for procesinitiehs to be agile (Hogg 2009). One way to imprdkie
software development process is suggested in Targed Madhaviji (2000b) where a similar view-based
modelling approach to software process modellirgpissidered. It is suggested that “models of softwa
processes elicited using a view-based approachemerally of higher quality (specifically, more cplete)
than those elicited using traditional, non-viewdsianodelling approaches” (Turgeon and Madhavjiod)0

Users require that “business systems... be... availabtantly and operate flawlessly” (UC4 2008). The
concept ofCase Managementas first introduced in the 1990s. It is suggesied the traditional structured
environment is fixed and considered at design tintesreas an unstructured and ad hoc process flowea
considered at execution time. Therefore, a sucgeBSIMS must provide botbesign-TimeandRun-Time
Case Management (Hogg 2009). To facilitate suclitggtl is suggested that the process be able to be
adapted by the user role in execution time andadiound by design-time decisions (Hogg 2009) ngivi
flexibility to user roles. The scale of distributadd enterprise computing adds to the complicatiovsved
in creating such systems and, therefore, the dbgeist to change processes “to respond dynamitally
changing business requirements and competitivespres” (UC4 2008). Tools must venture “into a new
realm where applications and events can be driyaardically in response to constantly changing bessn
conditions” (UC4 2008).
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Contemporary models of software development musiwaddor software, the interrelationships
between software products and production proceasesell as for the roles played by tools, people

and their workplaces (Scacchi 2002).

Software process technologies were originally ideghfor computer expert use and as such, theyidegbe
software process in a sequential nature and daguatunt forconcurrency(Taylor 1987). Traditional
software processes are simple and stepwise, ButHadlexibility to support the natural environntemd
“capture and formalise a wide variety of data typgses of users, classes of tools, and the complex
relationships between the steps of a process tlidiemised in a large software development prdject
(Huseth and Vines 1987). “In order to improve saftevdevelopment capability, one should improve
software development processes” (Turgeon and Maidk@@0b) and provide “automated support” (Rombach
1988). “It could be argued that process descrigt&mould not be procedural at all, and that funetio
descriptions have much greater potential for pramgotoncurrency” (Taylor 1987). An alternative
consideration when modelling the software proceds take business goals as the foundation forptiwetess,
rather than activities or products (Taylor 1987¢itas 1989). Difficulties are compounded when tloe@ss
involves a team effort as there is a need to erthatendividual members are all singing of the sam
specification (Taylor 1987). Therefore, methodsahlémbrace business process research in modelling
concurrent activities and business goals in thevswé process could be preferred over proceduses.diThe
use of behavioural description makes it possibletacribe the software process at any desired édvel
abstraction and, therefore, assists in accommaglaspects of the process which are poorly undedstoo
(Williams 1988). Models “must go beyond represaatatThey must support comprehensive analysis of a
process. In addition, models should allow prediticegarding the consequences of potential chargks
improvements” (Kellner 1989); which leads to theammendation of enactable models where simulaton ¢
be used to “draw a clear and touchable picturbefuture system for the managers and users” (Mdhmu
and Tavakkoli 2005), supported by Grutzner et2004).

2.3.5 Process Programming

An approach to formalised process modelling is kmasProcess Programmin{Dsterweil 1987). Software
process programming is an approach to specifyiagdtitware process, in which the software process i
formalised. Conventionally, the interpretation amgiementation of such a development ethos hasdeen
manual process. This can lead to a degraded uaddisg and interpretation; with both incorrect and
inadequate implementations resulting. Models otess programming “can be machine interpreted and ca

therefore, be used as a process control mechaiisshinan 1988).
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Processes are complex to program and each prograjparadigm is associated with individual difficedt

For example, declarative languages have strudgssaés as they do not have well defined import/expo
interfaces; object oriented approaches have depepdssues; andet-likeapproaches are complex and lack
management capabilities (Deiters et al. 1989).dddprocess programming is comparable with progriaigm
“on a very high or abstract level” (Deiters etE89). To address these issues and apply process
programming to the software process, a multi-pgradipproach is suggested which encompasses
declarative, object oriented and conventional apghnes (Deiters et al. 1989). A method is defineehi@ble

the development of “complex process programs” tises a structured framework of mechanisms known as

the Model for Software Processes which has “wedfiréel import/export interfaces” (Deiters et al. 998

In Sutton et al. (1991), REBUS was developed agdtopype process program for the specification of
software requirements” (Sutton et al. 1991) to edslissues and demonstrate the feasibility ingfart
software process programming and includes the itiefinof a data model (in the form of a Directedy&lic
Graph) and a process model (in the form of pseode and state charts). The investigation found that
“REBUS demonstrates to a significant extent that gge@rogramming is feasible” (Sutton et al. 19%hg
method facilitated user interaction, automatedeagdeal of the momaundandeatures, and formally
included a requirements model - although not iarenfil language (Sutton et al. 1991). However, therg
focus on a single phase (i.e. requirements-spatiific) made it difficult to avoid promoting the teére
process behind REBUS, rather than the concept offaadtprocess programming. Moreover, a requirements-
specification is inherently not something expedtetle subjected to programming and automation. The
discovery here is about how programming can be tgeiuate the software process within a develogme
environment; the content of that process is noessarily important. The investigation may have Hestter
applied at a phase further downstream from requérgasince, as the authors quite rightly elude to
requirements inherently containing a great de&lusfian interactivity, some of which may not be cdath
for programming in a software environment. “Forreation and mechanisation do not enhance human
intelligence. Formalism can provide support for lamnunderstanding; mechanisation will reduce ora@pl
such human repetitive activity for which the nead anake-up is predictable. And so on” (Lehman 1988)
Therefore, a concern is raised that by increasiagdrmality of the process specification; an imsein
complexity in both definition and understandinglod process might be experienced. This may probe to

counterproductive in terms of relaying informatimetween stakeholders.

2.3.6 Functional Modelling

As previously noted in Section 2.2.1, the risendbimation systems inspired modelling technigqueeims
of functionality. According to Owen (2007), produtgvelopment is faced with two problem types: thafse

depth (“failing to spend time and resources esthbiig what to make or implement... before committimg
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planning how to make it” (Owen 2007)) and thosérmefadth (“failing to consider the full range of tseand
its remedy: establishing who the users are andspects of system functionality they are concewmi¢in’

(Owen 2007)) and it is the latter to which funcabmodelling is concerned with.

Structured analysis techniques can be used to ntleglélinctionality of a system and are consideetteb at
communicating ideas, being easy to understand s@dnuaintaining clear system boundaries and acicgunt
for abstraction & partitions and tool automatioa @omputer Aided Software Engineering (CASE) tools
(Easterbrook 2003). Structured Analysis and DeSigechnique (SADT) is a top-down “diagrammatic
notation for constructing a sketch for an applmati(Mylopoulos 2004a). In the notation, boxes ased to
represent data or activities and arrows represgationships between boxes in the form of inputspots

and controls. With up to six boxes in each diagreath box can be broken down into further diagrams,
“leading to hierarchical models of activities aratal (Mylopoulos 2004a) in terms of functionality.
However, SADT neglects project projection and tignissues and confuses the modelling of the problem

with the modelling of the solution (Easterbrook 200

The IDEF (ICAM DEFinition) family of languages begdevelopment in the 1970s U.S. Air Force Integtate
Computer Aided Manufacturing (ICAM) program. IDEF l@so become known as “Integration DEFinition”
due to its later focus on the integration of madglimethods with other (IDEF and non-IDEF) methadd
tools (Menzel and Mayer 1998; Russell 2007). IDES-8 commercial SADT based CASE tool for describing
processes in the form of functiorsputsare transformed vi@ontrolsinto Outputs subject to resource
MechanismsThese concepts are known collectively in IDEFGOMs (Menzel and Mayer 1998). The IDEF
construct forces the consideration of each fundticierms of each ICOM. This is positive in that ratsdare
likely to have a greater accuracy in respect of IGQMthough the method does produce diagrams in a
sequential fashion. Functions can be broken dovendetailed diagram and abstracted upon to theegbnt
level 0 diagram. IDEF3 is a “general purpose maaglinethod” (Menzel and Mayer 1998) where the focus
is on process, rather than function. An IDEF3 pssde also known as a Unit of Behaviour and is
characterised “in terms of the objects it may conte interval of time over which it occurs, ahe

temporal relations it may bear to other proces@dghzel and Mayer 1998). However, these types of
solutions are “essentially focussed on businessgsses [and not] the ultimate realisation of tretesys that
they describe” (Russell 2007).

In consideration of modelling behaviour, a procedlanrodelling technique known as the DFD is propdsed
model the functionality of complete systems (Stevetnal. 1974). Information flow is modelled, tygily via
notations derived from the influential works of Damo (1979), Gane and Sarson (1977), Yourdon (1989)
where square boxes represent internal and extentiéies, arrows show the flow of information, roleal
boxes represent processing to carried out on irdtom with open ended rectangles representingrimiition

stores (Mylopoulos 2004a). There are three levieBRD; the objective of each level is to removetedidion
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from the previous level by adding further detailttaA low level (Level 0) context diagram is firsteated
showing the basic data flows between objects ofyistem and represents tBgstem Descriptiowhere
processes and data flows are first identified (Gag0i05). The practice of de-abstraction continbesugh
DFD levels 2 and 3, until all important aspectshaf system have been identified and visualiseen t
notation. DFDs are considered semi-formal due edithitations that, whilst having formal syntaxthre

form of notation, DFDs lack formal semantics (aherefore executable DFDs are not possible) andaont
semantics (such as choice, concurrency and synishtaom) remain undefined in the notation (Guptazyf).
These may be addressed by complementing DFDs it aotations, expanding the DFD notational set or
by initiating a full DFD revision from semi-formé&b formal, to account for such limitations (Gup@0Zc).
Confirming all requirements are included within 8xstem Descriptiois also difficult; those that are not
may become overlooked and never materialise ap#re system design. Therefore, a detailed defimis
paramount in such an approach. Moreover, the DFi2as to represent only sequential processesndtis
clear how processes which have greater dynamich, asithose that are humanistic might be accodateut
how the DFD might be adaptable to new software kbgveent approaches, specifically model driven

approaches such as the MDA.

It is argued that “good system coverage will enshat all system users have their interests corgide
Establishing the functions to be performed esthbBghe criteria to be met” (Owen 2007), and tleeesthe
requirements. The Entity Relationship Diagram (ERijich can be used to complement the DFD to
describe “conceptual data models” (Gupta 2007gpaeded by Saeki et al. (1991), is a simple aasly to
usetechnique for modelling information (Easterbrod@03). Formally proposed in Chen (1976), it is
considered to be “easy to understand not onlyyfstesns analysts and database designers but also for
managers and users” (Chen 1983). It provides & stigtiv of the system (being the origin of the UMLa&3
Diagram (Gupta 2007a)) and can translate “readiketational schema for database design” (Eastekbro
2003). The main notational elements of an ERDeat#ies which are classes of “autonomous” objects; and
relationships which exist between entities (Easterbrook 20B&)ationships can be of the type AND/XOR
and an entity can also be related to itself. Catitynia used to denote the minimum and maximumtesla
objects. Like the DFD, the ERD lacks precise semarand is therefore semi-formal technique (Gupta
2007a). There is also evidence to suggest th&®Ri2 may be directly translated from natural English
requirements by close examination of the sentetnaetare of provided natural English (Chen 1983).
Easterbrook (2003) argues that object orientechigcles are considered to be more flexible becabgeb
orientation “emphasises the importance of wellttksdi interfaces between objects compared to amkaguit
of dataflow relationships” (Easterbrook 2003). Tisibecause the functions tend to change, but tshitay
the same. Conversely, it is highlighted that “nearlything can be an object” (Easterbrook 2003) and
thought that this could be a problem leading toigmibies that transcend those related to dataflow
techniques. Some advantages of using object otézhtachniques in RE are that they fit well witheatj

oriented design; emphasis on functions is remowektiaey are more coherent than the techniques of
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structured analysis (Easterbrook 2003). This do¢ésome without disadvantage. By focussing on static
models, emphasis is not given to dynamic modellBugih elements of objects and associations malyenot
appropriate for modelling of those described inréd-world and object oriented techniques can tehmp

user into focussing on design rather than ana(¥{ssterbrook 2003).

2.3.7 Business Rules

Business rules can be used to define the operatiaitbosiness process or the requirements for avamdt
system with the objective of rule based languagésgito match data to those rules. In Musschodt@Rat
is argued that functional models and business afesommon in IT, and therefore it should not ifécdlIt
to adopt the business process in IT via the daimiof such models and rules. The greatest chal@oged
by MDA appears to be the conflict between whaeguired in nature by software engineers, thathigh-
level abstraction, in comparison with the busineses’s requirement of a low lever abstraction, that
“semantically rich enough to specify all the neeggdusiness rules (including pre and post conu)ib
(Berrisford 2004).

MARVEL is a model driven knowledge-based programnengironment for the software process (Kaiser
1988). In this environment, business knowledgetained in the form ddtrategieswvhich are used to support
technical aspects of the software process (Kai@88)l Strategies are rule based with each rulegbein
associated with a pre-condition; an activity; andtpconditions (which address both successful and
unsuccessful, or exceptional, process completidaiser 1988)Opportunistic processinig used to control
the automation with rules via forward and backwehdining (Kaiser 1988). This highlights the overall
sequential nature of the environment and presuhasatl conditions can be realised prior to desigreffect
excluding exceptional circumstances at run time.sech an environment to be useful in terms ofitggtl

ought to account for both design and run time caaeagement (Hogg 2009).

A trend taking hold in the business world is thapanies are realising the benefit and reality of
implementing specialist business knowledge in trenfof business rules, especially in the compasitib
web services for use with the SOA, with the OCL belme language used by web service developers for
writing business rules (Frankel 2006). In the MAsiness rules may be required to be applied aeross
multitude of applications, which in turn requirésit the meaning of information and the method chexge
must be clearly defined, including behavioural ¢aaists and restrictions. Beyond this, imposed rotest
be continually and consistently validated by thendm experts involved. This highlights the needdlarity
in defining business rules. In consideration of Gikvhsformations, Casallas et al. (2005) suggestea-told
transformation. Business rules are first speciffeddtural language, and then manually transcrib&da

UML Activity Diagram and finally, the Activity Diagam is annotated with elements pertaining to a
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specialised UML Profile (which forms an integratiofrastructure, defining semantics, responsileitand
restrictions of the associated elements). From shificient information is apparently providedexecute
transformations from CIM-to-PIM. However, by incladi such references to the defined UML Profile, one
might rather consider this model as a rudimentdlky Rather than a CIM (due to the use of computationa
elements). An automated transformation methodggested in Subramaniam et al. (2004), using a alatur
language parser developed by the University of Bgmania known as the Natural Language Toolkit. The
natural language parser is at the heart of thataothre, which aims to generate Use Case diagrachs a
specifications. The key element is the businessrilat the parser uses to generate the Use Cgsarmd&
and specifications. “Business rules specify the glinés to identify actors and use cases” (Subraanaei

al. 2004). The “tool is helpful to novice softwatesigners for more efficient software design amalehy
increasing software design productivity” (Subranaamiet al. 2004), and such could be a useful agjditén
the MDA to help bridge between business user aftd/ace producer. With the Reference Model of Open
Distributed Processing (RM-ODP), the CIM is repreagw of theEnterpriseviewpoint; this includes
defining business rules, facts and terms (Wood R00%eInformationandEnterpriseviewpoints of the RM-
ODP can be integrated with the MDA using the UMLMG 2003b), supported by Wood (2002). “Business
rules, facts, and terms in [the] CIM have corresjmmélements in [the] PIM and PSM, obtained through
transformations... Mapping the correspondences peavichceability of business rules between origih an
implementation” (Hendryx et al. 2002). The PIM regents thénformationandComputationviewpoints of
the RM-ODP. It includes a static view (class diagramd dynamic view (state chart), that “may coroegp

to other technology objects in PSM” (Hendryx et28l02). Business Rules in ODP are commonly defined i
natural English policies; formal specification lalages, the Language of Temporal Ordering Spedificat
(LOTOS) and Z, can accommodate ODP viewpoints tging degrees having “particular advantages and
disadvantages in formalising the architecture oRO[Binnott and Turner 1994). Business rules cam la¢s
used as the basis of model verification. An autavegiproach to the analysis of UML Class Diagrams is
presented in Massoni et al. (2004) where a forrbpdad orientated modelling language known as Aly
used. Business rules relating to UML Class Diagramegpressed in OCL and mapped to Alloy rules,
focusing on the validation of those OCL expressidtassoni et al. 2004). However, the technique priesk
is quite complex. Furthermore, there is no indarathat the OCL and Alloy are completely compatiBler
business systems, this avenue of validation mayvaatant the expenditure. However, for criticalteyss,
where error reduction is paramount, or in a fullyoanated MDA environment, where the model is

representative of code, this type of validation rhayuseful.

The difficulty with formal description techniquesch as LOTOS or Z, and even the OCL, is that the laa

complex nature.
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An informal language may cause difficulty by shieeprecision of both syntax and semantics. A
formal language may cause difficulty in spite ofivaefined syntax and semantics: some things
cannot be said directly in the language and mustiseurely encoded; and a formal semantics may

be too abstract to capture meaning effectivelykSiac and Zave 1993).

Should such languages be used to formalise reqgairenin specification, it may be complicated tooive
business stakeholders, which is an important censidn (Kanyaru and Phalp 2005). Business process
models “often include a ‘richness of descriptiomhich is lost in moving to a standard specification
(Kanyaru and Phalp 2005); which can be due to $iacal syntax and semantics” (Kanyaru and Phalp
2005). Moreover, such formalisations “are more apgate for specifying what a software componerdse

to do during design, rather than model the worMylppoulos 2004b).

2.3.8 Software Product Lines

The Software Product Line (SPL) facilitated thes tis model usage, understanding and implementation.
Earlier techniques in software development ende@bto “organise software processes in terms of
activities” (Nakagawa and Futatsugi 1989) but #sd putput is considered to be a product in terhtode,
test cases or supporting documentation, leaditigetédea of organising the software process ing$esfrsuch
output product, rather than individual activity.L.SRook to industrialise the software process bgusing on
the creation of unique encapsulated software atefhat, when drawn together, define the complete
software factory. An altogether more structuredrapph is given to realising consumer requiremefts.
software factory schemalig&e a recipeof models patterns templatesframeworkscomponentgrocesses
test casesndtools (Cook 2004b). A SPL is composed of a sefeatures A feature is an aspect or function
which is derived from one or numerous customerireqents. Feature dependencies match the deperdenci
of requirements, all of which enables customer irequents to be mapped directly into the produdt lin
architecture. Mapping rules are implemented tosfiaim customer requirements into features, andifeat
into assets (Zhu et al. 2006). A drive to featurerded domain analysis is presented in Thiema6a4p
where individual feature types are defined in théLLivia the definition of UML profiles and related the
MOF metamodel (Thiemann 2009). By defining systemihis manner, development knowledge and tools
are brought together in one place, reducing “codtrésk by distributing the software life cycle” (Glo
2004b).

A similar consideration can be made when thinkingut the MDA, that is, the influence of requirenseah
the MDA, and how requirements and dependenciebedransformed into MDA artefacts. An example of
how the SPL could be integrated with the MDA is Regjuirement Specification Model for Product Lines
(RSPL). The RSPL is defined by Kabanda and Adig0§2 to facilitate the automatic generation of
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requirements and allow for the separation of “if&tee logic from the business logic” (Kabanda anigéd
2006). In this model, the CIM is represented &omain Knowledgeepository. Tailored requirements by a
systems specialist are representation of the Pliflekiser Perspectivevhich are in turn transformed into
the outpuRequirement®SM using a standardised template, with the owtpgatact being the Requirements
Specification Document. SPL and the MDA combineanfé/lodel Driven Product Lines and “large scale
reuse by means of structured and configurable septations of platform independent software assets”
(Oliveira et al. 2004) can be achieved. A mappiraeess is used to combine artefacts in order ere
platform independent features. Stakeholders ided#kign constraints which, along with the annatatass
model, can be used to generate and execute irstantscript within the execution environment (@ina et
al. 2004). This is a semi-automatic approach asyktem developer will still be required to makensdorm
of input in terms of class hames, attributes, tygoas methods. The real benefit to this is thahsees the
interactive collaboration between non-technicakaltwlders and technical developers in generating

requirements.

2.3.9 Agile Methods

Currently in software development, there are thbatltelieve systems should be delivered to “diyectl
satisfy business requirements... [and be] less haaight... with the vision of moving towards more agil
modelling tools where users can quickly responchi@nge” (Koehler et al. 2007). With the advent @A)
followers of Agile methods have embraced executaiddels as representation of code and not artefacts
be discarded during the development processbklisved that the bridge between technologists and
consumers could be made via a “highly abstract flingdanguage” (Mellor 2004). The MDA is
conceptually very simple to understand, but vempglex to implement. To make MDA work, there is a
requirement to go beyond MDA modelling tools, sastBridgepoint, TogetherCC and OptimalJ (Ambler
2007). In his article “A Roadmap for Agile MDA”, SttdV. Ambler presents MDA from the Agile
viewpoint, terming this Agile Model Driven Develogmt (AMDD). It is highlighted that not enough
emphasis is placed on CIM development under the Nl®Abler 2007); instead it is suggested to be bétter
be replaced by Agile’iclusive Technique®Vhether following strict guidelines of the MDA alevelopment
or an Agile process, it is proposed that thesaugicé modelling methods (see

http://www.agilemodeling.com/essays/inclusiveModwis) are sufficient for bridging from technological

developers to stakeholders; there is however mmazatic transformation from inclusive models to @i
or the PIM. It is suggested that the UML is notfisient enough language for the MDA and that “MBD
community should focus on what's practical andartvory tower theories” (Uhl and Ambler 2003). Aib
independent of platform and as previously notedjetimg tools go beyond the UML and therefore,
developers become locked into such tools sinceutsire unlikely to be interoperable with otherlgoo
There is no PIM level universal Action Semantic ggaage that would allow for toolset integration. XMl

integration is ineffective in practice and therefan extension to the UML is required to take jtdel being

59 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

an “object and component technology” (Ambler 20@WIDD methods have a good chance of success in the
domain of MDA since they provide greater flexilyiland a more lightweight approach to the MD#clusive
Techniquesre very much akin to those of RE and could be epepul to investigate the PD, allowing for
stakeholder involvement in the development procgssple design tools such as Together ControlCeantrer
Poseidon for object and Erwin for data modellingldgrovide developers with sufficient directiondan
support (Uhl and Ambler 2003). However, tools teedily integrate user requirements with AMDD are

unavailable.

2.3.10 Service Oriented Architecture (SOA)

The birth of the SOA and the MDA has partially beeresult of the narrowing of abstraction layersveen
which software systems have needed to interacttower(Frankel 2006). Currently, business users are
accustomed to using generic business logic trenisedded into common off the shelf business systéhes
SOA provides glug-and-playplatform, allowing for the production and reusabibf standalone
components (Skalle 2009) based on specialist bssik@owledge.

In Basson (2009b), the SOA is exemplified as a peagiented methodology whereby services are gedern
by business processes, and therefore describ@slyeation of the SOA with BPM. “Business processes
exist at two levels - the predictable (the systeams) the un-predictable (the people)” (Basson 2Q0Bti$
unpredictable element is increasingly difficulamcommodate in the Software Engineering environment
This is because “current technologies do not aflmwthe recognition and recording of these un-pridtile
activities” (Basson 2009b). This is to say that given situation whereby a human might well intervend
resolve a difficult situation regarding a businpescess, current technology is unable to make anch
intervention and therefore some integration isrdggiirement. The argument is that “processes do not
manage people - people manage processes” (BassBh)20tl therefore attention is given to process-
oriented tools and techniques. It is interestingdte that where the SOA is considered processHelde
other development approaches (such as the MDA)a@treAlthough clearly most (if not all) development
approaches could account for the business protessperhaps do not offer enough attention to thath
this may well highlight why approaches like the ME# to interface adequately with the business diom

Of the process-oriented approaches, the authoesyrit

These methodologies need further research into plessible application, but I am convinced that
these (and possibly others) will shape our thinkibhgut designing and engineering future systems
(Basson 2009b).

Hans Skalle of Global Business Integration, IBM Sefte&vGroup, discusses the combination of LSS with

SOA and BPM to deliver “real business results” (8aD09). Based on the presentation of business tase
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support investment in IBM, Global Business Integrai®oxconcerned with adopting a SOA, BPM and LSS
development methodology to align business withalfiilst remaining agile to change (Skalle 2009). Wifte
SOA platform, BPM is made easier and business psesdsecome reusable since they are service-based;
enabling for process “improvement and design” siaitpl (Skalle 2009). LSS can be employed to support
SOA and BPM to ensure that sufficient key perforneginclicators are established and maintained
effectively. SOA, BPM and LSS are brought togethembplementing an iterative improvement lifecycle
(Skalle 2009). Further investigation into this canattion of methods is required to analyse the nierithe
inclusion of each particular technology. Moreover,real data is provided to prove the worthinessnaf
method over another. It is suspected that theratercombinations of methods may be beneficialedéent
on the particular context. For example, Kim (2088)gests benefit in the combination of the SOA with
MDA for modelling distributed systems (Kim 2008).

In an SOA, services may also be combined. Compapipéications are the innovative binding togetter o
various available web services. In the MDA, toaed not generate the required code staticallyesatichat
is required is to generate the associatedcationsfor the required services which enables dynamieco
generation (Frankel 2006). This is essentially BRM tools work, giving the business user the power t
bridge to the process architect in the Softwareitg®aging domain. These concepts of course present
additional challenges for the industry. Since desons in the Web Service Definition Language (WS$D
are written in natural English, there is an isstigemnantics in that different people are able terjpret
services with different meanings attached to th&lso, when invoking a predefined service, inforroati
about the quality of the service is not necessaphcified, thereby leaving quality control as &eot
challenge for this domain. The proposed solutioth&se issues is that the composite applicatiodymer has
to have access to a sufficient amountnafchine readable metadaitarespect of the services. An associated
benefit to being forced to author services in thanner is that an amount of design issues andredmtst
confliction is resolved before the service is ewade available.

2.4 Summary

Scacchi (2002) proposes that “the death of thetibadl system life cycle model may be at hand’g&thi
2002). This is due to the arrival of process madglsolutions that are better aligned to the curogrerating
environment of software development. The MDA haslwad as a “consequence” of the UML and is
purported to be the last abstraction to human-ceenpateraction (Génova et al. 2005). In compariaith
the alternative approaches discussed in Sectiqrtz3VIDA appears to offer the most promise as a
framework to complete this human-computer interfabést remaining broad enough to integrate witheot

approaches and continuing to be a popular focasademia. The potential the MDA holds for the besin

61 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

analyst means that “understanding MDA is goingdcatucial for business analysts of the future” ¢sla

2008). Therefore, this research gives focus taMB& as such an interface.

From reviewing available literature, it has beennfd that the CIM is not central to most MDA
implementations. MDA committed companies and pr¢glneglect the creation of the CIM and related
transformations (Ambler 2007; Kabanda and Adigud&®&arow and Gehlert 2006; Phalp et al. 2007),
thereby highlighting the insignificance associatéth it. “Successful technologies are those thatiar
harmony with users’ needs” (Shneiderman 2002) enchnsideration, RE and the connection to the MDA
appears to be vital for the future of both the MBrd BPM. Process orientation is not the same adibgil
object oriented software systems. “Object orieatats about building and maintaining IT systems; BBM
about building and maintaining business processesputting those capabilities in the hands ofradi
business people who get work done through theikygoocesses — not their “objects™ (Bushell 2009)eT
ideals of the RAD could be beneficial in applicattorthe CIM since a suitable platform for the depehent
of software systems that are tightly linked witlk thusiness process is provided. The RAD can betosed
describe iterations, concurring role activity andleing processes, all of which are difficult tosdeibe using
software modelling techniques. Although researdhriged, it is suggested here that considerable
enhancement to the MDA could be made addressingecos raised in Section 2.1 with the inclusion oflRA
descriptions, allowing for “the opportunity to igtate humanistic and mechanistic processes” (Harris
Broninski 2005c). Solutions may involve multiple ¢garage selection and therefore, some interoperable
solution between modelling language and transfaonaechnique is required for applicability to A
since “no single language can be adapted to alipion domains”(Jouault and Kurtev 2006), suppdrby
Rombach (1988). It is suggested that a solutionheilachievable once a specification can be prowvidaiis
machine readable, as well as human understandadaléefibacher et al. 2007). Since any such method in
determining a resultant system should carry theghttsupport of involved parties, the automatién o
transformations into design is likely to also begartant for consideration.

Ultimately, the MDA lacks a formalised requirementsdel (Karow and Gehlert 2006) and there is a real
danger in confusing business and software artefgctbuilding a model of the real-world and thenngsit
as a specification of the software system, prodpeisystem that needlessly matches the structuhe géal-
world” (Génova et al. 2005), supported by Easteskr@003), Nuseibeh and Easterbrook (2000). This is
evident in research that goes into extracting aesigdels from CIM definitions, i.e. CIM-to-PIM
transformations that do not account for specifaatind the system boundary. Focus therefore sheuld
given to the MDA framework and how it might be exded to account for these concepts. This can be
achieved by investigating the CIM in terms of howpegpriate the phase is at delivering user requirgsne
and available solutions in achieving a better irgign of requirements within the MDA. It is thoughat
specification ought to be central to the MDA, ahd information delivered in the CIM should be contpl@a
terms of both business and software needs.
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In this chapter an overview of the research prosegiven and discussion relating to research pgmaslis
provided before a methodology is selected to defieadirection of this research. Specific objedive
identified to approach this research are highlidtiteSection 3.4. Tasks relating to proposed ohjestare
then identified in turn and discussed in furtheiadevith respect to the chosen methodology in vafw

answering the research question identified in Chidp relating to aims 1 to 4.

Lubbe (2003) suggests that “an important step asgarcher should take is establishing a framework i
which to conduct the research” (Lubbe 2003) anghetfore, to achieve the research objectives mmitant
to first gain an understanding of the foundatiohsesearch. Figure 3.1.1 gives an overview of gsearch
process used to realise the knowledge that thetge seek to attain; the research process idetkta the

subsequent sections of this chapter.

Ontology &
Epistemology

Y

Research
Paradigm

A

Research
Methodology

\

Knowledge

figure 3.1.1, overview of the research process (Source: adaptad Bhelmerdine (2010)).
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3.1 Ontology & Epistemology

Ontology is the metaphysical study of the naturthefreality in which things exist; that is, thady of
being. It is important to understand the very faatih of a topic in order that a “psychological
schizophrenia” be avoided (Hampton 2004). “Thinkimthe epistemological path to conceptual
comprehension. Knowing is the metaphysical patpjorehension — to the acceptance of a concepiastr
valid” (Cobern 1993). The suggestion therefore isttmly the foundation of both what exists (the
metaphysical), and that which could exist (the tepi®logical). From reviewing literature in Chapted,at is
clear that the MDA has been established from theadio of Software Engineering, within which philosgp
might be contrary to what is required of the MDAaijpplication to the business domain. Thereforesthdy
is focussed on accounting for this applicationatbieve ontology, an understanding of the relatigns
between the philosophical nature of knowledge amd¢ality to which it is exposed is required (Staidine
2010). Epistemology is the philosophical studytaf hature of knowledge and the relationship betwiean
knowledge and reality. Therefore, knowledge of Mi2A and associated implementations form the
foundation of this epistemological journey. Thetcaifocus is the application of this knowledgdhe
reality of the academic and business domain anéfibve, a suitable research paradigm is required to

investigate this relationship.

3.2 Research Paradigm

There is nothing so practical as a good theoryl @itl Johnson 1997).

Kolb, Rubinet al. (1979) provide a useful research framewordamining the relationship between theory

and practice in the form of an experimental leagrincle (see figure 3.2.1).

Experience

Observation &
Reflection

Testing

Theory

figure 3.2.1, experimental learning cycle (Source: adapted fronbka al. (1979)).
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The left side of the diagram represents the dedri€fiositivist) research method, the right sideitioiictive
(interpretivist) method. Deductive research isaheof developing theory prior to testing basedbserving
facts with the objective of making predictions. liatlive research is the polar opposite of that;ehgtheory
being the product of induction via the observaton reflection on experience. This is in turn destiated
in the work of Gill and Johnson (1997) which islimded in table 3.2.1 where it establishes how qtative

(positivist) methods are related to qualitativadipretivist) methods.

Positivist Methods Interpretivist Methods

Deduction Induction

Explanation via analysis and covering-laws Explamadf subjective meaning and understanding
Generation and use of quantitative data Generatidnuse of qualitative data

Use of controls to allow testing of hypotheses Refem everyday settings to allow access to, and

minimise reactivity among research subjects

Highly structured Minimum structure

v

<&
<«

Laboratory experiments, quasi-experiments, sunagtson research, ethnography

table 3.2.1,comparison of positivist and interpretivist meth¢8surce: adapted from Gill and Johnson
(1997)).

Braa and Vidgen (1999) provide a framework for inéigg research perspectives in information systems
research which extends the work of Gill and Johr{(4887) and Kolb et a(1979) by integrating positivist

with interpretivist methods, and adding a furthienehsion ofinterventionist(see figure 3.2.2).

Interventionist
(Change)

Action
Research

Action
Case

Quasi -
Experiment

Field
Experiment

Postitivist Interpretivist
(Prediction) (Understanding)

figure 3.2.2,framework for integrating research perspectivesufe: adapted from Braa and Vidgen
(1999)).
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Interventionism is concerned with gaining “learnangd knowledge through making deliberate interversti
in order to achieve some desirable change in thanisational setting” (Braa and Vidgen 1999). Thisrfs
the basis of action research where “researchehsdizsterve and participate in the phenomena undey’st
(Baskerville 1997). Action research started to gmominence in information systems in the 1990s
(Baskerville 1999) and it is the central motivatinrthe case that the outcome of this researchentdtbrce a
fundamental change within the MDA community viaggproach to which the practice of the MDA will be
improved, adding intellectual, academic and prattialue. In simplistic terms, action researchhisia
“learning by doing” (O'brien 2001). However, sucimflamental change is unlikely to occur in the stesrh.
There is scarce availability of accurate facts;nfjtative data is limited and a sufficient testrea¢o produce
worthy output from deduction is unavailable. Howe\aowledge is available in the form of existingla
potential MDA experiences and, therefore, an ingdaanethodology can be followed in order that tlyeor
might result from the study of such experiencesds$ thought that considerable opportunity exigtetiat
the MDA definition and technical representatioritie software development domain could be compandd a
contrasted upon to discover the theoretical reagowhich is cause for concern in the applicatioMa8fA to
business users in defining requirements and spatidn. Further to this, soft cases could be usacbtify
the application of this research and thereforenterpretivist approach to research is to be foddwTo
achieve this, a suitable methodology is requiretitae next section of this chapter is directedlaniifying
and discussing the relative merits of several prtivist methodologies to identify those offerithg most

potential in application to the subject matter.

3.3 Research Methodology

3.3.1 Phenomenology

Phenomenology is a philosophical method used ititgtige research to examine the experience of an
individual in terms of phenomena; the presumptieimd that the subject has no preconception ofubgest
matter (Husserl 2001). “The purpose of the phenatogiical approach is to illuminate the specific, to
identify phenomena through how they are perceiwethb actors in a situation” (Lester 1999). Thigmoel

is usually formed of directed interviews with smgtbups of individuals with a view to gaining areoal
appreciation for the individual experience anddiiramics within the group. However, Phenomenolaggsd
not permit “priori” coding in analysing central thes, requiring time to be expended on individuaksa

(King 2006) which could make this methodology ditfit to employ in consideration of available resmg:
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3.3.2 Ethnography

Ethnography is an anthropological method that @anded to study groups of people and the inteiiictiv
between them, and to some degree overlaps withopmemology (Lester 1999). There are four charadtesis
presented in thBlanifesto for Ethnographthat distinguish ethnography from other qualit@ativ
methodologies. They are: “The recognition of thie af theory as a precursor, medium, and outcome of
ethnographic study and writing... The centrality ofiture”... A critical focus in research and
writing...[and] An interest in cultural policy and ltwral politics” (Willis and Trondman 2002). Typiltg,
observations involve groups of individuals overeatended period of time with focus on cultural atpend
since there is no opportunity to observe a groupdifiiduals involved within the MDA environmenhig

method is rejected as impractical in consideratibtne scope of the research.

3.3.3 Grounded Theory

Grounded Theory was first described in 1967 in &asnd Strauss (1967) as a sociological methodeblyer
the behaviour of groups of people is systematiaatlyerved and the collected data is codified irotlat
theory is derived from such observation to expggienomena. An example of how grounded theory can be
utilised in information systems research is giveshannak (2009). Focus groups could be used whareb
concept tool is produced to accommodate any enharteto the MDA framework and be used to further
verify results. However, as previously noted, teisnpractical since there is no availability ofwaficient

test environment from which individuals could besetved to gain results that would be useful in jgliog

insight with relation to the research question.

3.3.4 Template Analysis

Template Analysis is a method described in Kindd@and is concerned with the codification and thtn
analysis of data that can be used where thereiagbumption that “there are always multiple intstgtions

to be made of any phenomenon” (King 2006). Codembrared data labels) represent themes that areederiv
from the analysis of text. Often organised hieraalty to describe relationships between themess, th
emphasis of Template Analysis is on “flexible amdgmatic” coding (King 2006)Ilemplate Analysidiffers
from other methodologies such as Grounded Thewdyich is typically realist and prescriptive, and
Phenomenology - which requires greater attentioplédeed on the individual (King 2006). Since this
research is directed at resolving a problem betviredimiduals, it could be appropriate to combings th
technique with others, especially in consideratibresolving student feedback regarding the apiptinaof
extending the MDA.
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3.3.5 Surveying

Qualitative survey methods became popular in ttg94gMarsland et al. 1998) and can be employed to
broaden the scale of the target population withti@h to research. It could be suggested that rfaitire is
derived from models being presented to high-levahagerial stakeholders, rather than lower tierrtieeth
representatives or system users. The project exbas an understanding of the stakeholder defiméiad
how software developers can adapt to the paradigrogsiness. Qualitative surveys could be direeteal
mixed sample of business users with the target kapgpulation including members of the business
community from both technical and non-technicaldggicunds. As per recommendations (Deveaux et al.
2005), a randomised sample would be selectedséiéstion would then be stratified to increase the
representation of the population (Saunders et38I3P A methodological framework for combining
quantitative and qualitative survey methods isgmésd in Marsland et al. (1998), however, the exten
which results of qualitative and/or quantitativevay techniques could be useful in consideratiothef
available knowledge were deemed negligible becafifee limitation of scope with regards to a suéitt

test arena.

3.3.6 Interviewing

“Throughout the social sciences including langubgsed studies, interviews are widely used as data
collection instruments” (lkeda 2007). Processeddcba modelled in different formats and presented t
stakeholders or general users for analysis andodgtaire. Upon presentation, interviews could fzkee in
a directed format with opportunity for the intemviee to make clear their opinions, along with thegponses
to pre-defined questions. Techniques relating te ttoovercome issues of data quality, specifically
consideration of interviewer and interviewee bigs@demonstrated in Saunders et al. (2003). Howeser,
with previous methods described which employ treafghe interview as a research method, such as
phenomenology and ethnography, a suitable envirahtoeutilise the interview research method onefuls

scale is unavailable.

3.3.7 Case Study

The case study method can be used to addressstaeck question directly via one or more case esudi
relating to the subject matter and is used in imftion systems research for “exploratory invesiiyest, both
prospectively and retrospectively, that attempiriderstand and explain phenomenon or construckytheo
(Perry et al. 2004). Cases can be described asduitdyr action cases (Braa and Vidgen 1999). Tke ca
study approach can be used to gather “data witkiwioi develop grounded theory” (Lubbe 2003) and can
allow for multiple avenues of data collection witte central notion being to identify themes pattcto the

case in hand, or across multiple cases. Howevisraigued that gathering multiple evidence is not
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necessarily able to prove (or disprove) a theoréim {994). In consideration of the constructiorcate
studies, focus can be given to areas of the rdsearttext; exploratory questions; validation; eslissues;
data gathering and analysis; publishing; and revig\case replication) (Perry et al. 2004). “Asagarch
strategy the case study research method is a tpahfor answering who, why and how questions” (Laibb
2003). This is emphasised by Yin who writes thaist studies are the preferred method when (a) “loow”
“why” questions are being posed, (b) the investights little control over events, and (c) the fion
contemporary phenomenon within a real-life conté€Xih 2008), which is particularly suited to thepgyof
qualitative knowledge available with regards t@tldsearch. The objective here is to understand the
relationship between the business and softwarefuse MDA; to understandhothe users of the MDA are,
whyit is being used anldow. Since the problem is set in a real-life contegt,that of the MDA and involved
organisations, little control over events is avalida A good example of case study research inimédion
systems is given in Card et al. (1986) where sixattaristics ofjood desigrare studied (Card et al. 1986)

against programming modules.

3.4 Knowledge

The problem highlighted in Chapter 2.0 from the gsialof the current state of the art seems to betab
gaining an understanding of, and bridging the gatpvben, various stakeholders and software devedoper
the context of the MDA. Once a software systenrésented to a user (as a prototype), a significant
understanding of the system and an idea of théadlaipotential is gained (Kavis 2008), enabling
development. Therefore, by illustrating the undedystrategies and goals in a manner to which tdaeybe

understood (such as a model), clear requiremengstrauccinctly follow.

Several objectives are identified in this secticeaed at achieving the aims outlined in Sectidh Within
the context of the research question. The descpb&ulem is multi-faceted and therefore, the seleabf
research methodology reflects these objectivegs$b &iccommodate each. It is thought that, whilgtsamgle
research methodology might give invaluable instghthe academic and commercial application of tea a
under consideration, the results obtained wouldifficult to verify without a degree of conjecture.
Therefore, from reviewing available research meshiadhe previous section, a mixed inductive apghoa
involving specifically a combination of theoreticahse and thematic analysis, is considered td berfit
to this investigation and is outlined in the suhsey section of this chapter. The approach corsider
propositions to be directly verifiable by compargmgd contrasting results obtained via multiple

methodologies, allowing for findings to be triang@ld in a complementary manner (Brannen 2005).
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3.4.1 MDA Evaluation

The literature review, included in Chapter 2.0, wangoing process throughout the duration ofgrogect,
with a view to keeping up to date with current e¥sl and ensuring that developments within theeodruf
this research are adequately addressed. “Requirsmedérstanding problems inevitably lead to poor
customer-supplier relationships, unnecessary résyand overruns in costs and/or time” (Elliott and
Raynor-Smith 2000). Chapter 2.0 reveals that the Mippears to neglect a RE perspective (Ambler 2007;
Kabanda and Adigun 2006; Karow and Gehlert 200&jgR&t al. 2007), and is therefore failing to stiéfintly
bridge between business stakeholders and the seftleaelopers. This forms the basis of this reseanc

the point from which the first two objectives arfided for investigation in achieving aim 1.

Aim 1: To examine the definition of the CIM withie MDA and consider the appropriation of it as an
interface with the business user for defining regmients in MDA notations.

In Chapter 4.0, a complete and thorough analysiseofMDA will be conducted in the context of user
requirements for assessing the adequacy of the €iddtering for requirements and specification. fifrst
objective is related to the proposition that RE BRiV are somewhat disconnected from the MDA and will

need to be verified.

Obijective 1: Examine the connection between the MiAbusiness.

Section 4.1.1 will provide a theoretical analydishe MDA by reflecting on the literature relatitgthe
connection between the MDA and the business us#r,amy areas for concern being provided as eviglénc
support the argument, leading to the second obgcti

Obijective 2: Determine the sufficiency of the CIMialivering requirements to the MDA.

Section 4.1.2 will build upon these findings toatiger exactly what is required of the PIM. Thisli
addressed by applying a sample case study relatiagveb-based cinema ticketing system adapted Wam
and Leong (2004). Forward and reverse engineeeictgniques will be developed specifically to be aapto
the case study to discover whether what is requdyetthe PIM is at conflict with what is described i

requirements documentation.

The purpose of these objectives is to identify asgociated difficulties with the accessibility b&tMDA in

defining business requirements for further invedtan and evaluation in achieving aim 2.
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3.4.2 Investigate Requirements Solution

Previous objectives are focussed on evaluatinguiftability of the MDA as an interface to the buesia user,
leading to the next proposition that requirementat®ns may be better suited at facilitating stalder

involvement and be adaptable to the architecturé he&nce aim 2.

Aim 2: To discover how other modelling techniquesctviaire accessible to the business user, might be

integrated with the MDA in terms of method and notgtwith the focus on transformation and traceapili

In Chapter 5.0, notations and techniques are t@pkea to requirements documents and integratell thi
MDA framework. In particular, the transformationstiveen business and software models (that is CIM-to-
PIM and CIM-to-CIM) are to be addressed. It is fagggested that requirements solutions are not atielgu
supported by the PIM and transformations are uteai and therefore, the next objective to be adtéds

defined as follows.

Obijective 3: Investigate how requirements can bestipd by the PIM.

In Section 5.1.1, CIM-to-PIM transformations ardotinvestigated. This will be achieved via the st

and theoretical analysis of what is offered bydsl business analysis technique and one thaipissted

by the MDA. As a language of business to model tiel, it is thought that the RAD could be used to
enhance the MDA in comparison with the UML Actividjagram, a behavioural modelling notation avaabl
in the MDA. Soft cases relating to a simple ordercpssing system and traditional musical jukebtesy

will be created to be used in an attempt to undadsthe phenomenon experienced in examining treions
and develop theory to explain them. Next, attenisoio be directed at examining CIM-to-CIM
transformations with the proposal that requiremantstions could be supported by the CIM and proeide
better interface to the business user in compatséechniques already supported by the MDA and,tthe

next objective.

Objective 4: Examine how useful the CIM is at desogilbequirements.

Section 5.1.2 will approach CIM-to-CIM transformatsovia the case study methodology for a simplified
travel reservation system case study adapted fitwar$2008d). In the MDA, the CIM can be represente

via the BPMN. A common approach to specificatiofRl (and part of the UML) is the Use Case diagram. A
CIM is to be represented using those notationsgcodier the perceived differences between whatjsimed

by a CIM and what is useful to the business useewlew is to be conducted of each on the suitgtslitd
applicability, and a discussion provided on howrib&ations and techniques may or may not complereat
another.

71 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

This approach is proposed to provide a greaterrstateding of the requirements techniques most &ffec
and adaptable to the MDA via transformation metharut$ lay foundation for the derivation of extensidor

aligning the business strategy into the analysisdasign phases of the MDA.

3.4.3 Investigate Potential Extension Mechanisms

Upon completion of objectives 3 and 4 and in comsition of aim 3, the investigation and constructida
mechanism to extend the MDA framework defined ly@MG (2003b) using requirements knowledge could
begin.

Aim 3: To extend the framework of the MDA to actdonspecification within the CIM.

It is suggested that business modelling tools anddtEepts, that are available to organisationadustry
and academia, can be integrated within the MDA &iera clear connection between the CIM and PIM.

Therefore, objective 5 is directed specificallyatthieve aim 3.

Obijective 5: Derive mechanisms to adequately captund realise requirements within the MDA.

Outcomes from previous objectives will be useddfirm theoretical mechanisms to extend the MDA to
better facilitate the application of business lodibe notion is that the RAD, combined with speeifion
theory, could be candidate to integrate with theAMBeasoning behind the extension mechanisms will be
discussed in Chapter 6.0, with the resulting exteniseing illustrated in Chapter 7.0 via an ordercasssing

worked example, which will be created for this mse.

3.4.4 Verify Extension Mechanisms

The last objective identified to address the redeguestion is concerned with authenticating previo
outcomes, specifically those relating to the débni of an extended MDA framework and method imntgiof

aim 4.
Aim 4: To determine the academic and commercialevaf extended mechanisms.
The proposed mechanisms are suggested to enhanbtbify, making it accessible to the business user,

whilst providing adequate support for the softwaser in terms of both academic and commercial iglid

Obijective 6 is concerned with achieving that aim.
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Obijective 6: Verify the proposed mechanisms toneixtiee MDA.

The research is to be presented in an academiagsefth written feedback being collected to vertife
application in the domain of academia (Cobern 1998)ee methods used in moving from analysis to
specification and design (including the proposedhmaaisms) will be presented to Honours level sttgleh
the Business Processes and Requirements (BPR) uthi¢ @oftware Systems framework at Bournemouth
University, with written feedback being given innsideration of the proposed methods in order topteta a
study of observations made. Template Analysis [etased in Chapter 8.0 to analyse individual studen
feedback in order to understand phenomena assoeidtte techniques in moving from analysis to
specification and design from the student perspeetnd to discover whether or not proposed extessioe
accessible and viable to them. Academic verificatloes not address the commercial suitability ef th
proposed extensions and, therefore, the verifinai@xpected to extend into the factual domain g@ob
1993). Since a sufficient test environment to baitd execute a complete MDA implementation from the
extended mechanisms is unavailable, an alternat@yeto verify the application of proposals is reqdi A
collection of business process documents relatirmydommercial case study, based upon The Club at
Meyrick Park, Bournemouth, will be created and agaptio the extended mechanisms, and available MDA
tools and techniques, in Chapter 9.0. After manpglieation to the proposed extensions, QVT, the OMG
standard for defining transformations between MG#amodels, will be drawn upon to define transforamat
relations based on previous findings. Tools of\ffgualise All Model Driven Programming (VIDE) inétive
(VIDE 2009) will then be used to demonstrate thecwrcial application of transformations resultingn

the extended mechanisms.

This approach is expected to allow for propositimeiating to the extended mechanisms to be directly
verified, with an output of academic and commerdath comparable in conclusion to the evidenceseéri

from previous aims and objectives.

3.4.5 Software Support for Research

Analysis of attributes and values account for thigctives established in this chapter and conchssare
made, drawn from the investigation with relatiorthe scope of the project. The overall project antince
is evaluated in Chapter 10.0 and any difficultietiritations identified, along with an explanatiohhow
they were managed with direction to further redeared follow up studies being given. The objectieee is
not to fully automate the construction of requiretseand system models for specification and, teeeft
would be quite appropriate for models to be haravdr However, this research utilises graphical riiode
software to enhance the visual experience. Dasaaset graphical representation are to be providethe
functionality of Microsoft Visio, Excel, and the BE PIM Prototyping Tool (PPT). Data set organisatio

content exploration and the management of ideasra@rpretations relating to the thematic analgsis
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student feedback will be demonstrated via the fonetity of NVivo from QSR International. Microsoft
Word is selected as a tool to assist the productiith EndNote being used to manage and publish

referencing in the Bournemouth University Harvardt8gn style.

3.4.6 Ethical, Health & Safety and Risk

Since this research is theoretical in nature, taezeno major ethical, health and safety or rigksaterations,
and therefore they are discounted as such. Apatepsissessments and analyses are to be made before
student interaction and commercial collaboratiopaspunities are exploited; it is expected that onaerns

be raised regarding these activities.
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4.1 Examination of the CIM definition within the MD A and the appropriation of it as
an interface with the business user for defining rguirements in MDA notations

The first aim identified in Section 1.2 is direci@dexamining the sufficiency of the MDA for intacing with
the business user in defining requirements in difisvare process. As outlined in Section 3.4.1, tiais been
achieved by completing a theoretical analysistefditure in consideration of notions regarding the
applicability of the MDA in Section 4.1.1, followdwy a determination of requirements delivery witthie
MDA, giving focus to the CIM in Section 4.1.2. Findis are then drawn together and placed in the xoote
the MDA in Section 4.2.

4.1.1 The Connection between the MDA and Business

From examining the available literature in Chapt@; academic opinion regarding the MDA was found to
range from those that support the ideals of the MB#&ose that do not. Therefore, initial investigas
looked to review related literature from severailas with a view to uncovering the realisable valtithe
MDA, and hereby termed the hurdles to the MDA.

A striking observation made in Chapter 2.0 was thvithin the MDA, there are alternating view poiiofs
TranslationistsandElaborationists a heavy reliance on the BPMN and the UML, a lafofguddance on how
the CIM might be employed, vendor lock-in and a aegbf concepts central to RE. In contrast, theee ar
those in opposition highlighting major benefit iretapplication of the MDA, being brought about bg t
separation of business and software platform con@anc 2009; Brown 2004a; Kabanda and Adigun 2006;
Slack 2008). The unified approach to software systdevelopment also assists with communication detw
the business and software domain, and suggeslisaf@rng an agile environment in which changes ban
reflected and demonstrated to the customer thrtheghise of transformation and traceability. Costregs/
and an early release date are proposed to be achierough the MDA framework (Meservy and
Fenstermacher 2005) with a better standard of tyuading given in that an automated transformatimh is
less error prone in comparison with a human exe(tdeppe et al. 2003). Above all, the notion of
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traceability provided by the MDA ought to ensurattinformation contained within business and sofeva

models are no longer resigned to archived repasgor

Under the MDA, a model is seen as an abstractiotode, and code as an abstraction on the machiitie. W
each abstraction, albeit within code or modelsg ‘Iével of abstraction at which the developer ofesta
increases (Mellor and Balcer 2002). Assembly langeaed to the evolution of*3Generation languages and
object orientation, the next step along this evohary process is proposed to be the MDA. The MD&ws
models as a programming language which is absttatieve 3GLs and object oriented techniques (Brown
20044a). This is demonstrated in figure 4.1.1.1 civhias developed as part of this investigationeattednds

previous findings described figure 2.1.1.1.

figure 4.1.1.1,technological development of Software Engineerindylauiman interactivity (Source:
developed from Brown (2004a)).
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Figure 4.1.1.1 is by no means a complete repretsemiaf the technological development of Software
Engineering and human interactivity. The objectieee is to demonstrate a clear picture of wheeted!

technologies are situated within the greater scheme

Historically, the modelling element of software dlpment has been somewhat separate from the pimduc
of solution systems. What the MDA does is to ensliaé modellings software development by taking the
level of abstraction a step higher than codingiebye reducing any gap that existed between modedird
development technologies. “IT improves productitiiyough streamlining of process and enhances
efficiency and effectiveness of individual workasswell as groups through connectivity that it iffeAl-
Neimat 2005). However, research by the Standishu®s(2001) has demonstrated the success of IT fisojec
as a continual difficulty, citing issues relatirg“the people [rather] than the technology itseJéuch as]
estimation mistakes, unclear project goals andatibes, and project objectives changing” (Al-Neir2@05)
as key to such failings. Indeed, “success ratd3RM projects far exceed other more traditional safewv

development projects” (Lombardi 2008).

The technicalities of RE and BPM are found to berimsental in business-software interaction (Mussthoo
2010), but inadequately implemented in industrgtyieg a gap in knowledge which is cause for conagrn
consideration of such failed or failing IT proje¢hown in figure 4.1.1.1 as filled black circle®rocess
models capture the organisation of activities pentx by both users and machines, and the required
cooperation between them” (Roberts 1988). Businesseps approaches (rather than any IT descriptam) c
offer a shared understanding for both process @iodnation in an IT support environment (Musschoot
2010). Where the MDA may close the gap between ttindend development, little is perceived to have
been achieved in bridging from the modelling eletrieto the domain of business, let alone from therthe
end user. RE “is primarily a communication, not techl, activity” (Wiegers 2000) and current busmes
processes are affected as new ways of completikg tre discovered through the use of IT and giate
alignment. “Most organisations now understand tbednto improve and manage their processes. However,
few do so in a disciplined, ongoing basis” (Dowadial Stevens 2009). The UML “falls into the cracks
between technical people (developers, architeanan-technical people (business analysts, project
managers, etc). [The] UML is too technical for rtenhnical people, and not technical enough forrteeth
people” (Ford 2009). These complexities cause anwanication barrier between business users and Sadtw
Engineers (Frank 2002), leading to a “semantic gdggtween customers and system developers” (Edliatt
Raynor-Smith 2000). This gap in knowledge can leaa decrease in customer satisfaction as
implementations bear no resemblance to the reqeiméstthey were designed to satisfy and nothingqeeg
by the CIM accounts for that. Organisations sholltwhaefor business and IT co-dependency, “the wijliess
and ability of these two groups to collaboraterighe end, critical to success at every stage of
implementation” (Lombardi 2008). Haan (2009) supgdtiiis argument by describing reasons why MDD
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could be dangerous as an approach to softwareagsaeht, including design inflexibility and a lack o
industrial experience in practice (Haan 2009). €fae, before moving forward in systems software
development, organisations should be careful ajoouping on the MDA bandwagon and sceptical regardin

claims made in academia.

A clear definition of the CIM constitution is notsteibed and the MDA lacks a formalised behavioaral
functional model. Indeed, “requirements models dbhave a proper counterpart in the MDA terminology
(Karow and Gehlert 2006). In order that the actdityi of the MDA be sufficiently addressed, RE aBEM
technologies ought to be considered. Ideally, aireqments model would interface between elementseof
real-world and the software modelling domain via @M. Semantics of requirements is an importantass
for the Requirements Engineer since much of whdgefsed as a requirement is in natural Englishufég
4.1.1.1 extends these revelations by suggestingwiita correct implementation, it may be possiale
enhance the MDA with specification theory with theal of providing sufficient connection between émel
user and software developer, thereby bridging titheomfortable gap between specification and
implementation” (Jackson 1982). Despite this, Resnents Engineers have an added problem in that ther
are multiple customers, i.e. stakeholders (Cougat@hMacredie 2002; Kavakli 2004; Nuseibeh and
Easterbrook 2000; Peixoto et al. 2008; Phalp aadyJ&10; Phalp et al. 2007; Sommerville 2004)t thay
have a valid, and sometimes invalid, contributiomiake, all of which is required to be managedrafided

so that one succinct requirements document midlato

4.1.2 The Sufficiency of the CIM at Delivering Requements to the MDA

Moving from requirements to a CIM which can adeqglyaecount for those requirements presents many
challenges to the software developer. Business riggsbe required to be applied across a multitdde o
applications, which in turn requires that the megrof information and the method of exchange mast b
clearly defined, including behavioural constraiamsl restrictions. Also, it is important to undenstahat
alternate business processes can be defined tevadhie same specific outcome and therefore, rharedne
requirement can represent what is ultimately tmeesthing (Macek and Richta 2009). Above this, the
imposed rules must be continually and consistergligdated by the domain experts involved to ensure
changes are implemented. This highlights the needlérity in defining business rules or requiremsein
Section 4.1.1 it was suggested that specificatimhtibe a useful enhancement to the MDA and, in
consideration of this, two alternate approachek velation to the CIM are discussed here as pahisf
research. The first is that the CIM could represenabstraction of the same system to which desigpfeis
abstract from. Therefore, requirements should bleidted as such, rather than representing thostnigeta
the PD or the business process, which abstractcomaletely different reality (the real-world). If
specification is not held central to the MDA, tloerhalisation of the CIM should extract elements Hratnot

related to the system to be built, so that the GIpresents a synthesis of elements related to the sa
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solution system. Theaison d’étrebeing that the MDA is a software development fravmds, and therefore
should only contain software models; business nsoaedl concepts of RE ought to be accounted fordurth
upstream from the CIM. The second views requiremandsspecification as integral to the CIM, rathamnth

external to the MDA and focuses on such PD elenmesfsart of the CIM.

To understand the essence of the CIM and gain aeeipfion of these differing views, documentation
relating to the requirements and associated MDAd@mpntation for a sample case study adapted from Wa
and Leong (2004) were examined. “Requirements... eailaded into two categories, functional and non-
functional. Functional requirements describe whaystem should do in response to specific stimulddon-
functional requirements include performance andesysonstraints that affect development and design”
(STSC 2003). Specifically, this section examinesdhtail of all such requirements that are (or &hbe)
included when these artefacts are forward and sevemgineered (transformed) to and from one anather
the context of the MDA. For the purpose of thiddgtureverse engineering is described as the detfootisn
of a model into originating documentation; wherenfard engineering is the re-construction of a mdeh
originating documentation. This is proposed to seful in enabling an understanding the constitutiba
typical CIM; that is, what is needed in terms oéguirements definition; and what is required imgiof the
subsequent PIM phase. The example case studysétesesimple web-based cinema ticketing systenttand

requirements for the proposed system are giveahilet4.1.2.1.
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Number | Original Requirement

1 The web page (e.g. the time table page, the mpage) will be generated automatically
according to the data in the database.

2 A way in which the customer can create its ownoant (member registration) is to be
provided.

3 A way in which the users (both customer and stedih log on to the system to perfo
different operations is to be provided.

4 A way in which the customer can modify its owtiadia to be provided.

5 A way in which the customer can commit an ordejust clicking the seat (which is show
on the screen) and insert some card data (soméesoperation) is to be provided.

6 A way in which the customer can cancel the oedhel get the refund is to be provided.

7 A way in which the customer can check the tickebrd according to the transaction numper
is to be provided.

8 A way in which the staff can use the system td ddta (e.g. film descriptions) to the
database is to be provided.

9 The system can verify the data before the traimsais processed.

10 The system can generate the time table autcafigt{by just inputting the length of the filn
or the time table is set by the staff (2 operatimges for the staff to insert data).

11 The system can generate some statistical inf@maccording booking and ticket sellir
records.

12 Users can check film data by clicking on a ¢erfidm on main page (e.g. the cinema whi
will show these films).

13 Users can check cinema data by clicking on ticecinema on the main page (e.g. to log
which film is now showing).

14 The web-based system needs about 30 interfaceglfvpages) to handle all the functions.

15 Since two or more customers may request forstiree seat at the same time, the sys
needs to remove the chance for two customers gdttansame seat.

16 A simulated bank account is to be used within thprototyping process.

17 Lots of the customers will buy tickets in ticketx and those which use the web-based syj
will still need to take the ticket into the tickieox. So, the online ticket booking service 3
refund service will be stopped 1 hour before thewstime. To do so, we can reduce the
chance of 2 people book the same seat and alsoerdidel time for buying a ticket.

18 The new system needs to be compatible with theigting ticket selling system (original)
in the ticket box, because the web-base system atiek original system will run on the
same time and use the same database.

Note: Requirements that are non-functional are giveroid.b

table 4.1.2.1,original requirements relating to the sample cag&lg (Source: adapted from Wa and Leong

(2004)).

A discussion follows regarding implications involivin the process of forward and reverse engineering

documentation related to this case within the odrdéthe MDA and applicable notations (UML Classlan

Activity Diagrams).

80 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

4.1.2.1 Class Diagram

At PIM level, the Class Diagram relating to the csisely (given in figure 4.1.2.1.1) was examinedrfrine
perspective of the CIM, that is, to reverse engiteek from the Class Diagram in the hope of disdoger
what the original requirements within the CBflouldcontain. This is to determine the level of sopbétion

required of the CIM to produce a Class Diagram usefthe design phase of the MDA.

Elder Child Adult
FTicket_type_id -Ticket_type_id FTicket_type id
FTicket price -Ticket_price Ticket price
+Get_ticket_price() +Get_ticket_price() Hizat_ticket_price()
Movie
-Movie_id
-Movie_name
FMovie_director 1
Hlowvie casting AV
I-Movie_duration
-Movie_category - Ticket
Fovie languege * Ticket_id
Hilovie_synopsis H-M_avls_ld_
get_movie_detail]) -Cinema_id
-Seat id B
FTime
FTicket_type_id

+show_ticket_detaill} | 1
+get ticket_detail()

— ool tickel price()
+chaase maviel)

Cinema +choose cinemarl)
Cinema_id ‘ rchoose_seat()
FCinema_name
-Cinema_hall_no i - 1 ; i
+get_cinema_detail() - 1
Record Seat
i -Record_id FSeat_id
Customer_id -Seat_status
1 [Ticket id +gel_sias)
+insert_record() +set status()
- 1
Input Form Customer 1
: -Customer_id "
jll:r'-‘Lllj';[ttcTrlrE:er id Foustomer_name
-'I'ml-;ei_TyEa FCustomer_telephone Seating Plan

- - l-Customer_address - -
-Customer_email

FCustomer_creditcard
FCustomer_creditcard_expire

FTicket_id
FAuray of seat id

- ! Foustomer_password
FArray_of_ticket_jd 1 1 -CustumerJ;fnuunt « 9 [rpress)
toget order_detail() | Custamer creditcard +show_result()
ol _
*:I?rlc'ifglmi] +oustomer_login()
+maka:ramrd[3 +insert_ticket detail(}

+instert_order_detail(}

figure 4.1.2.1.1 Class Diagram relating to the sample case study (&owWa and Leong (2004)).
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The basis of reverse engineering the Class Diagrasthat every element should have an associated CIM
level requirements translation (Dubielewicz e28l06). The CIM, in this case, therefore, represarmtspy of
the PIM (Génova et al. 2005). This is to say thatdutput CIM directly reflects the Class Diagrang an
therefore retains the structural design of thatehadd highlights the type of detail required witliie CIM

to enable a transform from one to the other todssible. A selection of requirements derived frown €lass
Diagram of figure 4.1.2.1.1, which would be reqdite be accommodated within the CIM in this case, ar

given in table 4.1.2.1.1 below.

Number | Requirement
1 ELDER is a type of ticket
2 ELDER must have a TICKET TYPE ID
3 ELDER must have a TICKET PRICE
4 ELDER must be able to get the ticket price
5 CHILD is a type of ticket
6 CHILD must have a TICKET TYPE ID
7 CHILD must have a TICKET PRICE
8 CHILD must be able to get the ticket price
9 ADULT is a type of ticket
10 ADULT must have a TICKET TYPE ID
11 ADULT must have a TICKET PRICE
12 ADULT must be able to get the ticket price
13 TICKET refers to 1 SEAT
14 TICKET is composed of a RECORD
15 TICKET belongs to 1 CINEMA
16 TICKET refers to 1 MOVIE
17 TICKET must have a TICKET ID
18 TICKET must include the MOVIE ID
19 TICKET must include the CINEMA ID
20 TICKET must include the SEAT ID
21 TICKET must include the TIME
22 TICKET must include the TICKET TYPE ID
23 TICKET must be able to show ticket detail
24 TICKET must be able to get ticket detail
25 TICKET must be able to get ticket price
26 TICKET must be able to choose movie
27 TICKET must be able to choose cinema
28 TICKET must be able to choose seat
29 MOVIE is composed of many tickets
30 MOVIE must have a MOVIE ID
31 MOVIE must have a NAME
32 MOVIE must have a DIRECTOR
33 MOVIE must have CASTING
34 MOVIE must have a DURATION
35 MOVIE must have a CATEGORY
36 MOVIE must have a LANGUAGE
37 MOVIE must have a SYNOPSIS
38 MOVIE must be able to get the movie detail
39 CINEMA is composed of many tickets
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40 CINEMA must have a CINEMA 1D

41 CINEMA must have a NAME

42 CINEMA must have a HALL NUMBER

43 CINEMA must be able to get cinema detalil

44 RECORD refers to 1 TICKET

45 RECORD refers to 1 INPUT FORM

46 RECORD must have a RECORD ID

47 RECORD must have CUSTOMER ID

48 RECORD must have TICKET ID

49 RECORD must be able to insert a RECORD

50 SEAT refers to 1 TICKET

51 SEAT refers to 1 SEATING PLAN

52 SEAT must have a SEAT ID

53 SEAT must have SEAT STATUS

54 SEAT must be able to set status

55 SEAT must be able to get status

56 SEATING PLAN refers to many SEATS

57 SEATING PLAN refers to many CUSTOMERS
58 SEATING PLAN must have TICKET ID

59 SEATING PLAN must have an ARRAY OF SEAT ID
60 SEATING PLAN must be able to press

61 SEATING PLAN must be able to show result

62 CUSTOMER refers to a SEATING PLAN

63 CUSTOMER refers to an INPUT FORM

64 CUSTOMER must have a CUSTOMER ID

65 CUSTOMER must have a NAME

66 CUSTOMER must have a TELEPHONE

67 CUSTOMER must have an ADDRESS

68 CUSTOMER must have an EMAIL

69 CUSTOMER must have a PASSWORD

70 CUSTOMER must have an AMOUNT

71 CUSTOMER must have a CREDITCARD

72 CUSTOMER must be able to log in

73 CUSTOMER must be able to insert ticket details
74 CUSTOMER must be able to insert order details
75 INPUT FORM refers to 1 CUSTOMER

76 INPUT FORM refers to 1 RECORD

77 INPUT FORM must have an INPUT ID

78 INPUT FORM must have a CUSTOMER ID

79 INPUT FORM must have a TICKET TYPE

80 INPUT FORM must have a CUSTOMER CREDIT CARD
81 INPUT FORM must include CUSTOMER CREDIT CARD EXPIRE
82 INPUT FORM must have an ARRAY OF TICKET ID
83 INPUT FORM must be able to get order detail
84 INPUT FORM must be able to validate

85 INPUT FORM must be able to show error

86 INPUT FORM must be able to make record

table 4.1.2.1.2 requirements derived from reverse engineering tlesDiagram of the sample case study.

Focussing on the number of requirements highlighteziresults obtained from examining them in refato

the original requirements are given in table 41112,
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Original requirements Requirements
identified by the extracted from the Original requirements Original requirements
requirements documentationClass Diagram (of realised by the Class| not realised by the Class
(of which were non- which were non- Diagram (of which Diagram (of which were
functional) functional) were non-functional) | non-functional)

18 (3) 86 (0) 4(0 14 (3

table 4.1.2.1.1 analysis of the number of requirements identifiedifthe Class Diagram.

By extracting requirements from the Class Diagramgais found that many more requirements could be
identified than those detailed in the requiremelotsumentation provided (a total of 86), demonstgathat
there is significant distance between what is neguof design in the PIM and what is described by
requirements and the CIM. Surprisingly, fewer regments identified in the requirements documentation
were fully realised in the final Class Diagram (sastthose that are non-functional), which perhaps

highlights the lack of influence requirements mad=in have on design models.

The next stage in this investigation was to talkeedbcuments relating to requirements and forwagiheer
them into a Class Diagram, to be comparable wittotiggnal Class Diagram of the same system. In
completing this task, it was noted that the natiralish requirements documentation did not contaiough
detailed information to facilitate complete forwamdgineering and therefore, it is not included h&he
requirements documentation was insufficient andnmglete from an object oriented perspective and
attributes were neglected. Since business usersm&aailiar withobjects they are unlikely to specify detail
in terms of classes, attributes, operations andikbeAgain, although being specified in the requients
documentation, a mechanism was not available wrpmrate non-functional requirements within theteah
of the Class Diagram.

4.1.2.2 Activity Diagram

In Section 2.1.4, it was seen that behavioural risoale not central artefacts of the MDA. The bebaral
model in the MDA could be represented at the Pil&ia the Activity Diagram and a similar investtgn
was conducted by looking at the requirements doctatien and Activity Diagram (given in figure 4.1221)

relating to the case study in the same manner.
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Status Caonfirmation
Seat
Get Saat Relurn Sal Retun
Status Status Status Caonfirmation
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Insert % ﬁum
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figure 4.1.2.2.1 Activity Diagram relating to the sample case st(8gurce: adapted from Wa and Leong
(2004)).
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The basis of reverse engineering for the Activitpddam was that every behavioural string shouldehayv
CIM level representation that is understandablééddisiness user, and translatable to a PIM repetsm.
The requirements extracted from the Activity Diagraf figure 4.1.2.2.1 and required to be accomnexdiat
within the CIM are given in table 4.1.2.2.1 below.

Number | Requirement
1 Customer must be able to login
2 Ticket Detail must be able to be Inserted
3 Movie must be able to be Selected
4 Movie Detail must be able to be Retrieved
5 Movie Detail must be able to be Returned
6 Movie Detail must be able to be Received
7 Cinema must be able to be Selected
8 Cinema Detail must be able to be Retrieved
9 Cinema Detail must be able to be Returned
10 Cinema Detail must be able to be Received
11 Seat must be able to be Selected
12 Seat Status must be able to be Displayed
13 Seat Status must be able to be Retrieved
14 Seat Status must be able to be Returned
15 Seat Status must be able to be Received
16 Press must be able to be Completed
17 Seat Status must be able to be Set
18 Set Seat Status must be able to be Confirmed
19 Set Seat Status must be able to be Received
20 Select Seat Confirmation must be able to be Redei
21 Ticket Confirmation must be able to be Returned
22 Ticket Confirmation must be able to be Received
23 Order Detail must be able to be Inserted
24 Order Detail must be able to be Retrieved
25 Order Detail must be able to be Validated
26 Record must be able to be Created
27 Record must be able to be Inserted
28 Insert Record Confirmation must be able to be Retlir
29 Insert Record Confirmation must be able to be Redei
30 Order Confirmation must be able to be Returned
31 Order Confirmation must be able to be Received

table 4.1.2.2.1 requirements derived from reverse engineering tttévdy Diagram of the sample case
study.

It immediately became evident that, in similar ashhwhat was found regarding the Class Diagram, the
Activity Diagram is somewhat inadequate at speciynon-functional requirements and significant
alterations would be required to accommodate thienityaof original requirements, perhaps reflectihg
inadequacy of the approach. Table 4.1.2.2.2 owtlihe results obtained from the forward and reverse

engineering of the Activity Diagram.
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Original requirements Requirements Original requirements Original requirements
identified by the extracted from the realised by the not realised by the
requirements documentationActivity Diagram (of | Activity Diagram (of | Activity Diagram (of
(of which were non- which were non- which were non- which were non-
functional) functional) functional) functional)

18 (3) 31 (0) 3(0 153

table 4.1.2.2.2 analysis of the number of requirements identifrednfthe Activity Diagram.

Overall, the number of requirements generated ftwrActivity Diagram amounted to roughly the numbégr
nodes contained within the diagram, which was metxpected. The real interest of reverse engine¢hiag
Activity Diagram was that it could really enablettechnician to address and refine the proceds itsth
respect to the system-to-be, and not just refieebtisiness process in the business context, ocagpthat
business process as software design.

To forward engineer from the requirements, it wasfl to first be important to isolate those funtsior
behaviours that were not to be realised in the system, thereby drawing attention to the specificaand
system boundary. This was not easily done sinceesamtivity might be replaced by the system, wiatsiers
might be supported by the system or not requiredl alt became evident that there would be sorffecdity
in distinguishing elements that were important eegliired by the system, from those that were not.
Furthermore, the imposition of object orientatiampounds this distinction. Other, vaguer requiretsen
immediately became a cause for concern with vetifim being required. The requirements were foorkt
insufficient in many respects and complete forwamdineering was not possible and therefore, nodmw
engineered diagram is included. There appears éxtalent potential for deriving a PIM from corlig
defined requirements via a behavioural model. Hargthe future of the Activity Diagram is somewhat
clouded. It has been noted that “the Activity Dergrand Business Process Diagram are very similaa@nd
views for the same metamodel, it is possible they twill converge in the future” (White 2004). Tligseven
more probable now since the OMG have adopted theMBBp&cification (OMG 2005, 2008a).

4.2 Extending the Model Driven Architecture with pre-CIM

Section 4.1.2 demonstrated that by reverse engeartefacts of the MDA, elements that perhapshotm
be discovered from the analysis of the CIM, sucblgscts and attributes, somewhat conflict with wikat
defined in requirements documentation. Requiremaotsimentation is typically not intended to address
object oriented perspectives, which highlights tBE definitions do not necessarily account for the
unfamiliarity of software development paradigmshia business domain. A mechanism for transferring
knowledge of non-functional requirements was alsavailable in consideration of the Class and Agtivit
Diagrams and the importance of the system boungasyuncovered in distinguishing those functions
required by the system from those that were nbafathich appears to not be explicitly considebscthe
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CIM. Therefore, for a union between business anddibals of software development to be realistithim
context of the current architecture, the CIM wouled to be an abstraction of the PIM and formalhsadhe
description of requirements for the system-to-hbigictvis inadequate in terms of the business needuse
they are unaware of notions such as objects ariduads. It is argued that the definition of suc@id could
not be completed by the business user alone diine ttomplexities involved in defining a model tlaso
tightly aligned with software and thus, pre-CIM aittes would be required to facilitate businessruse
interaction (Jeary et al. 2008; Phalp and JearpR01

In figure 4.2.1, the pre-CIM concept is introducedpart of this research and fused with the framkwbthe
MDA and Jackson’s systems of prime concern (Jack98%) and associated development activities, liyere
redefining the CIM and extending the MDA framewollogad et al. 2011). Pre-CIM refers to an area of
activity that takes place before the CIM is produaged is proposed to account for requirements gatper
activities such as elicitation, validation, tracéigband change management. This extension sugdlest the
MDA is only addressing half of the story, and tR& analysis and specification ought to be intetgrahe

CIM if it is to fully accommodate the need of thesimess and user community.

1
1
1
——— el N I —
1
Problem Domain < Intefface > Solution System
1
— =
|
|
1
|
Analysis Specification Design
1
1
|
(Computation
Independent
Model)
1
BM ; PIM
(Behavioural : (Platform
Model) 1 Independent
i Model)
1
IRM : PSM
(Initial ! (Platform
Requirements | Specific Model)
Model) :
1
DDM : ISM
(Domain Description : (Implementation
Model) | Specific Model)
1
1
1
1
1
1 .
- Problem Frame - Story Board - Finite State Machine | -Role Activity Diagram | - Class Diagram - Annotated Class - Code
- Context Diagram - Goal Model - Decision Table _BPMN ! - Activity Diagram Diagram - Documentation
- Background Reading - Use Case - Task Analysis - Decision, Table - Annotated Activity
- Interviews - Scenario - Scenario 1 Diagram
- Natural English Text - Natural English Text | . Natural English Text |
- Brainstorming - Paper Prototype :
- Observation - Use Case 1
- Questionnaire :

figure 4.2.1, the Extended Model Driven Architecture (xMDA), utthg pre-CIM activity (Source:
developed from Bray (2004), Brown (2004a), Jackd®®%), OMG (2003Db)).

88 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

Concern has been raised that the MDA neglects thelg@ment of the CIM (Ambler 2007). Since “the ialti
phases of Business Process Modelling projects, gsatiscovery and documentation take up more than on
third of the overall project time” (Jeary et al.0B), it is reasonable to suggest that the MDA sthdirect
greater attention to artefacts that are createttegra from the CIM, that is pre-CIM exploration, irder to
reap benefits later in the project. By focussingigltion on smaller issues, enhanced requiremexiteegng
can be achieved. PD elements can be accounted foeiCIM activities of the Extended Model Driven
Architecture (xMDA), outside of the software modtadl world, as demonstrated in figure 4.2.1. The
redefinition of the CIM as such interface and thteoduction of pre-CIM activities look to enable MDA

abstraction into the root of the PD, facilitatingcassibility for the business user.

With emphasis on RE and BPM techniques, rather tbaoepts of systems engineering, business users are
suggested to be able to express requirements tov@efEngineers with resulting systems likely tatere
akin with customer expectation. Thus, activities divided into new categories of the Domain Desiiip
Model (DDM), the Initial Requirements Model (IRM) attie Behavioural Model (BM), and integrated with
the MDA and the redefined CIM. The DDM is used téirtethe PD context as it is. The IRM is used to
define any requirements (both functional and narefional) to be imposed by the new system. The BM is
then used to highlight specific functional requiggtts and the behaviour of the involved processprdt

CIM activities are developed in the context of baessy and not software. Therefore, XMDA is fully
compatible with RE and BPM since no specific todlemhnique is defined for any of these activitiaslyo
that they exist). For example, a business procestehtould be used to demonstrate the DDM, IRM Bl
By focusing only in domain specific requirementshég low level of abstraction, ambiguities and
misunderstandings are ironed out as early as pgessifthe same time as bringing specificationai@Bray
2002). Ideally, definitions at the CIM level will fieee from complexities, understandable, and aladiye
helpful to both business users and Software Engsn&&oreover, such definitions ought to facilitate
transformations (manual and/or automatic) to be@mpate for the MDA.

4.3 Summary

From examining the CIM within the MDA it was fourtuht it is an inappropriate interface between bissine
and software domains. That is, it appears to sumpiminal opinions in that it is not fit for purpe from a

quality perspective of interfacing with the cligatrepresent business requirements.

The theoretical analysis of the MDA in Section #.demonstrated that whilst being applicable to the
business domain, considerable distance betweavdE#eand the business user is evident. The negleREo
concepts and the MDA reliance on notations groundeftware theory, such as the BPMN and the UML,

were highlighted, with openings for extending th&1Gb reach the business user being identified.
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The example case study discussed in Section dup@sted this view by demonstrating that notions
supported by the UML are unhelpful in describing &Bments, defining business requirements and
facilitating business user understanding. Themtistin between what is required within the system what
is part of the process (i.e. specification andsiygtem boundary) was also identified as an impbrtan

consideration in realising business value.

It is the task of the Requirements Engineer to fmnsbusiness requirements into a richly defined
requirements document, which in turn should beiptesso be reflected in a CIM, enabling the overall
presentation to a PIM that is more accurate, anetraligned with the requirements and strategy ef th
business user. Software modelling and theory asgn to the business user (OMG 2003b) and thezethe
concentration on the fusion between the businedsSaftware Engineering world is suggested to bethes
of the software developers (Shneiderman 2002), lwisicentral to the distinction of the xXMDA pre-CIM
activities as described in Section 4.2. As note@hiapter 1.0, requirements represent the desiredtef&
software system would have in the PD; the PD b#iedpart of the universe within which the problem
exists” (Bray 2002). The application domain is tlaet pf the universe within which the applicatiom (o
solution system) will be applied. The interfacevtn the two forms the specification of a softwarstem,

and it is this that lays foundation to extending KhDA.
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#$ 1

1 #_

In Chapter 4.0 it was found that what is requirethefCIM is not in line with the expectation of messs; the

purpose of aim 2 is to address this.

5.1 Discovery of how other modelling techniques wbih are accessible to the business
user, might be integrated with the MDA in terms ofmethod and notation, with the
focus on transformation and traceability

By giving focus to CIM-to-PIM and CIM-to-CIM transforrians involving notations derived from the RE
domain it is possible to demonstrate the applicatibrequirements techniques within the contextef
MDA.

5.1.1 PIM Support for Requirements (CIM-to-PIM)

The 2.0 specification of the UML general purposeagiting language used in the development of softwar
systems brought about several enhancements ondlspdcification with relation to the Activity Dieagm

and the business process (Wohed et al. 2005). Ttieit% Diagram is an OMG behavioural model solatio
and provides a notation to model functional aspefttsprocess with a view do describing how therattion
of co-ordinated activities might take place. Thehtgque is very structured ameell behavedproviding a
sequential view of the process. Activity Diagrams therefore excellent in Software Engineering at
describing processes that are automatic in nattitie objects at heart, for which they were intenttete
used. The difficulty in delivering a system frone tActivity Diagram is that the business user is not
accustomed to concepts defined in the UML andéhéworld of the business process is dynamic and
experiences less sequential activity than are testin software interactions. From reviewing thaitable
literature in Chapter 2.0, the RAD was found to leisiness process modelling alternative, potentigiful
for modelling in terms of human interactivity. Sinthese are common ideals between RE and BPM, and a
starting point for business use, focus was givehedRAD as a business notation in investigatingtiteral
fault-line between software systems developmeMDA and business. This addresses the idea that
techniques better aligned with the business negtitbe accommodated within the MDA in the developme

of quality software systems.
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The application of the RAD first brought about tkesvaluation of what the notation of the RAD is ati{u
defined to describe. To understand the applicaifdhe RAD, roles, associated nodes and the tight
relationship with the business process, a RAD metihwas extended from Badica et al. (2005) by using
the notation of the MOF (OMG 2006a) to contain¢bastruction rules and constraints implied by theéARl
modelling methodology described in Ould (2004c)e RAD metamodel is depicted in figure 5.1.1.1.

-Defines -Initiates -Initiated By
Actor Business Process Event
l ® 0“1 D ® l L
1 -Casting
Strategic
Case Management Goal
? * ? Process
1 - 1| - 1 -
1 Role L
1
1 -Instantiates
o ~ ]
a
Changes State Produces Or Consumes |
Modes Frop
F |
Initiates

figure 5.1.1.1, the RAD metamodel (Source: developed from Badieh €005), OMG (2006a), Ould
(2004c)).

As figure 5.1.1.1 demonstrates, roles are compdsedtly from aspects of the business procesd,itsel
including individual case, management and goatedlaomponents. A goal in a RAD is likely to be
represented as an end state, for exanppgect has concludedr customer has completed system
acceptanceThis direct relationship to business proces®ibaps the unique point of the RAD, since it
proposes a model representation directly linke:¢piirement deliverables of the business procesishw
might be applicable to CIM and used in the MDA.

The metamodel also proposes that each processptasess owner. When a project has an interdepénden
relationship with another project, “the person vidhacting as implementation owner for each prajeay
also be a requirement sponsor on other projectatr{gbn-Broninski 2006b). This is to ensure that the

underlying requirement of one project is implemergaccinctly in other associated projects and ifleng
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these process owners is an important considerbé&tmre moving into the development of single andtimu

projects.

The RAD is genuinely related to theal-world of business, including concepts which naturaliecéor

event driven behaviour, which may be an ideal ptatffor software systems which are tightly linkeitihw

the business process to be developed from. Theudiff in integrating the RAD with the MDA is thdte
intended purpose of the RAD is to describe the lassiprocess and not software systems. Researdh in th
area is very limited, however, it is thought tha framework of the MDA might be enhanced by ingigd
RAD descriptions at the CIM and/or PIM level allowifug software development to be integrated with
business processes. To evaluate the differencegéetthe Activity Diagram and the RAD, an informal
comparison of the two notations was made. Spetlificalles and notational elements associated eagtth
were analysed to ascertain the suitability of thestations with respect to CIM-to-PIM transformasgdn
terms of the perceived understanding a typicaliass user would obtain from published materials.
Therefore, the rules were extracted as part ofr#ssarch from educational publications for thei\Ayt
Diagram (Stevens and Pooley 2000) and RAD (Ould @00zhese publications were purposefully selected

since they are designed specifically to educateashdnderstanding of such notations in terms gfiagtion.

5.1.1.1 The UML Activity Diagram Rules

In this section, rules associated with the Actiiiagram are described, accompanied by a pictorial

description of the notational element for furthescdssion.

5.1.1.1.1 Activity Partition (Swim-Lane)

AD1. TheActivity Partition is optional.

AD2. The notation foActivity Partition is a rectangle.

AD3. The label of arctivity Partition instance must not be null.

ADA4. An Activity Partition must contain all nodes associated with that pamntit
ADS. An Activity Partition may include multiple nodes.

ADG. An Activity Partition may have multiple entryransitions.

AD7. An Activity Partition may emit multiple exifransitions.

ADS. Multiple Activity Partitions may appear in a single diagram.
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5.1.1.1.2 Start

AD?9. TheStart node is not optional.

AD10. The notation for &tart node is a single-filled circle.
AD11. The label of &tart node may be null.

AD12. A Start node may not have any enffyansition.

AD13. A Start node must emit only a single eXitansition.
AD14. Only oneStart node may appear in a single diagram.

5.1.1.1.3 Activity

D

AD15. TheActivity node is optional.

AD16. The notation for aActivity instance is that of a box with rounded corners.
AD17. The label of aActivity instance must not be null.

AD18. AnActivity instance must include gction.

AD19. AnActivity instance must have at least (but not limited te entryTransition.
AD20. AnActivity instance must emit at least (but not limited tog exitTransition.
AD21. Multiple Activity nodes may appear in a single diagram.

5.1.1.1.4 Transition

s >
AD22. TheTransition node is not optional.
AD23. The notation for &ransition is that of an arrow.
AD24., The label of &ransition may be null due to identification being evidermirfrthe
completion of the proceedirfgtivity .
AD25. Only a singléransition may be involved between two nodes in any instance.
AD26. A Transition instance may traverse Awtivity Partition .
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AD27.
AD28.

AD29.
AD30.
AD31.
AD32.

AD33.
AD34.
AD35.

A Transition instance may include akction.

A Transition instance may include@uard. A Guard is defined to ensure access to the
succeeding activity is based on satisfied pre-stps.

Guards are not required to be satisfied.

The label of &uard instance must not be null.

The label oDecision Diamondexit Transitions must not be null.

The label oDecision Diamondexit Transitions must be contained within squared
brackets.

A Transition instance may not receive any entransition.

A Transition instance may not emit any eXitansition.

Multiple Transition nodes may appear in a single diagram.

5.1.1.1.5 Decision Diamond

<

AD36.
AD37.
AD38.
AD39.
ADA40.
ADA41.
AD42.
AD43.

TheDecision Diamondnode is optional.

The notation for ®ecision Diamondis a diamond shaped box.

The label oDecision Diamondmay be null.

The label oDecision Diamondmay contain aictivity .

A Decision Diamondis required to be satisfied.

A Decision Diamondinstance must have at least (but not limited t@ entryTransition.
A Decision Diamondmust emit at least (but not limited to) one &x@nsition.

Multiple Decision Diamondnodes may appear in a single diagram.

5.1.1.1.6 Synchronisation Bar

AD44.
AD45.
ADA46.
ADA47.

ADA48.

TheSynchronisation Baris optional.

The notation for &ynchronisation Baris that of a wide horizontal column.

The label of &ynchronisation Barnode may be null.

Transitions andActivity succeeding 8ynchronisation Bar cannot be executed until all
enteringActivity andTransitions are in a state of completion (join).

Transitions andActivity succeeding 8ynchronisation Barare executed in parallel once

the Synchronisation Baris in a state of completion (fork).
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ADA49.

AD50.
AD51.

5.1.1.1.7 Stop

®

AD52.
ADS53.

AD54.
AD55.
ADS56.
AD57.

A Synchronisation Barinstance must have at least (but not limited te entry
Transition.
A Synchronisation Bar must emit at least (but not limited to) one éx@nsition.

Multiple Synchronisation Barnodes may appear in a single diagram.

TheStop node is not optional.

The notation for &top node is a single-filled circle, surrounded by dditional outer
circle.

The label of &top node may be null.

A Stop node must have only one enffrgansition.

A Stop node may not emit any exitansition.

Only oneStop node may appear in a single diagram.

Note: The Activity Diagram does not normally include setse

5.1.1.2 The RIVA RAD Rules

5.1.1.2.1 Role

RoleName

RAD1.
RAD2.
RAD3.
RADA4.
RADS.
RADG.

TheRole is not optional.

The notation for Role is a shaded block with rounded edges.

The label of ®ole instance must not be null.

ARole instance may be persistent.

The label of &ole instance with pre existing instances may be dehioyea .

The label of &ole instance with exactly x pre existing instances fo@ylenoted by x.
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RAD?7. The label of &ole instance with an indeterminate number of pre gshstances may be

denoted by a n.

RADS. The label of &ole instance must appear immediately above or belevstiaded block.
RADO9. A Role instance may include multiple nodes.

RAD10. ARoleinstance must contain all nodes associated wéttRble instance.

RAD11. ARole instance must contain all appropri®@eps to enable process completion.
RAD12. ARoleinstance may overlap anotHgole (provided there is no ambiguity).
RAD13. ARole overlap is a darker shade of grey.

RAD14. ARole instance may contain many ‘threads’.

RAD15. ARoleinstance may instantiate any ‘thread’ at any tidegending on the event.
RAD16. ARole instance may instantiate anott&gle instance.

RAD17. Multiple instances of the sarRele may appear in a single diagram.

RAD18. ARole may have multiple entrinteractions.

RAD19. ARole may emit multiple exitnteractions.

RAD20. MultipleRolesmay appear in a single diagram.

5.1.1.2.2 Independent Activity

RAD21. Thelndependent Activity node is optional.

RAD22. The notation for aimdependent Activity instance is that of a black box.

RAD23. The label of amdependent Activity instance must not be null.

RAD24. AnlIndependent Activity instance may terminateRole instance.

RAD25. AnIndependent Activity instance must have at least (but not limited t@ entryState.
RAD26. Anlindependent Activity instance must emit at least (but not limited 0@ exitState
RAD27. MultipleIndependent Activity nodes may appear in a single diagram.

5.1.1.2.3 Looping, Line and Descriptor States (pre/mt-conditions)

e

RAD28. State nodes are optional.
RAD29. The notation for Stateis either a line (single or looped) or ellipse.
RAD30. The label oState nodes may be null.
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RAD31. State nodes may merge together.

RAD32. Multiple State nodes may appear in a single diagram.

5.1.1.2.4 Case Refinement (Alternatives)

\v

RAD33. Case Refinements optional.

RAD34. The notation for €ase Refinements that of an upturned triangle, with each ‘threzeing
represented by its own triangle.

RAD35. The label of £ase Refinemenmay be null.

RAD36. The label of £ase Refinemenis represented as a question.

RAD37. The label of £ase Refinemenmay not contain an action.

RAD38. The label o€ase Refinemennodes may contain a probability figure.

RAD39. ACase Refinemenis not required to be satisfied.

RADA40. A Case Refinementgan be rejoined into a single state onceGhse Refinementis in a

state of completion (join).

RAD41. A Case Refinementmay be abbreviated to a singhelependent Activity in simple cases.
RAD42. A Case Refinemeninstance must have at least (but not limited t@ entryState
RADA43. ACase Refinemenimust emit at least (but not limited to) one Stiate

RAD44. Multiple Case Refinemennodes may appear in a single refinement (N-way).

RADA45. MultipleCase Refinemennodes may appear in a single diagram.

5.1.1.2.5 Part Refinement (Concurrency)

AN

RADA46. Part Refinementis optional.

RADA47. The notation for Rart Refinementis that of an upright triangle, with each ‘threbaing
represented by its own triangle.

RADA48. The label of ®art Refinementmay be null.

RAD49. APart Refinementis not required to be satisfied.

RADS50. Threads succeedindPart Refinementare executed in parallel once fhart Refinement

is in a state of completion (fork).
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RAD51. Part Refinementnodes can be rejoined into a single state &areRefinementis in a

state of completion (join).

RAD52. APart Refinementinstance must have at least (but not limited t@® entryState
RADS53. APart Refinementmust emit at least (but not limited to) one Stte,

RAD54. Multiple Part Refinementnodes may appear in a single refinement (N-way).
RADS55. MultiplePart Refinementnodes may appear in a single diagram.

5.1.1.2.6 Interaction

AL

RAD56. Thelnteraction node is optional.

RAD57. The notation for amteraction is that of a horizontal line between two (or mosdljite
boxes (part-interaction).

RAD58. The notation to indicate the ‘driving’ for@eaninteraction is that of a shaded white box.

RAD59. The notation to indicate the ‘one-to-ofr@eractions with all members of the sanRole is
that of a white box with twin line indicators.

RADG0. The notation to indicate the ‘one-to-mammteractions with all members of the sanrole

is that of a white box with a ‘crow’s foot’ line diicator.

RAD61. The label of amteraction may be null.

RADG62. A singlelnteraction may be involved between two or more nodes in astance.
RADG63. Anlnteraction instance may traverse aRple.

RAD64. Anlnteraction instance cannot take place until each involRetk is in a readystate (pre-

state synchronisation).
RADG5. Once amnteraction instance has taken place, each involRetk is in a completiorState
(post-state synchronisation).

RADG6. All involvedRolespass through thimteraction instance and the same time.
RADG67. Anlinteraction instance may change tReop of aRole.

RADG68. Anlnteraction instance may include akction.

RADG69. A conditionalnteraction may be abbreviated to a sindletion in simple cases.
RAD70. Anlinteraction node must have only one en8tate

RAD71. Anlnteraction node must emit only a single eState

RAD72. MultipleInteraction nodes may appear in a single diagram.
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5.1.1.2.7 Role Instantiation

X

RAD73. Role Instantiation is optional.

RAD74. The notation foRole Instantiation is a crossed box.

RAD75. The label of &ole Instantiation may be null.

RAD76. ARole Instantiation node must have only one en8tate

RAD77. ARole Instantiation node must emit only a single estate

RAD78. MultipleRole Instantiation nodes may appear in a single diagram.

5.1.1.2.8 Trigger

sh

RAD79. TheTrigger node is optional.

RADS80. The notation for &rigger node is a single-filled arrow.
RADS8L1. The label of &rigger node may not be null.

RADS82. ATrigger node changes tt&tate of aRole.

RADS83. ATrigger node may change thitrop of aRole.

RAD84. ATrigger node may have zero to one erfitate

RADSS5. ATrigger node must emit only a single eState

RADS86. Multiple Trigger nodes may appear in a single diagram.

5.1.1.2.9 Replication

%

RADS87. TheReplication nodeis optional.

RADSS8. The notation foReplication is a fan symbol.

RADS89. The label oReplication may not be null.

RAD90. The label oReplication must contain some indication of the numbeReplicationsto
take place.

RAD91. TheReplication node defines Rart Refinementin a ‘thread’.

RAD92. AReplication node must have only one enS8tate
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RAD93. AReplication node must emit only a single estate

RAD94. MultipleReplication nodes may appear in a single diagram.

5.1.1.2.10 Undefined

=

RAD95. TheUndefined nodeis optional.

RAD96. The notation fodndefined is a spring symbol.

RAD97. The label obndefined may be null.

RAD98. AnUndefined node may have zero to one erthtate
RAD99. AnUndefined node must emit only a single estate
RAD100. MultipleUndefined nodes may appear in a single diagram.

5.1.1.2.11 Prop

RAD101. TheProp node is optional.

RAD102. The notation for Brop is a textual list in th&®ole box.

RAD103. The label of Brop may not be null.

RAD104. TheProp may not interact with any other nodes within e box.
RAD105. MultipleProp nodes may appear in a single diagram.

5.1.1.2.12 Stop

1

RAD106. TheStop node is optional.

RAD107. The notation for &top node is a single horizontal line.
RAD108. The label of &top node may be null.

RAD109. AStop node must have at least (but not limited to) anteyeState.
RAD110. AStop node may not emit any eX3tate

RAD111. MultipleStop nodes may appear in a single diagram.

Note: Events play an important part in the RAD.
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5.1.1.3 Comparative

The rules presented in the previous two sectioasnalicative of the complexity and difference bedwehe
two techniques essentially used to capture the shimg from alternating perspectives. The firshthto
become immediately evident is that basic rulesgpartg to the Activity Diagram and RAD appear more
alike than contrasting. They are both concernetd mibdelling the functionality of a process anddull
similar constructs. However, where there are diffiees, these differences are important, and thes fotcthis

section is on those differences.

5.1.1.3.1 Activity Partition Vs Role & Role Instantation

The notion of a RAD role is significantly more impemt than that of an activity partition. The adijvi
partition is the simple segregation of activity eedand has an optional existence. In a RAD, tleeisol
central, and in faatssentiato the process. This is because roles are theemtiiyes that can provide
functionality and interaction. A role is the contiggisation of real-world representations, whemmasctivity
partition has no such significance, and the use@RAD notation allows the positioning of such kero
within the process (including organisational hiehées) to be seen as “much better than swim-laf@sld
2004c). A role can persist throughout the lifetiofiehe process (as roles do in reality) enablidgsto be
called upon in alternate processes and even heediefipon how many particular instances of that matght

be in existence.

There is no such concept of activity partition amttation in the UML. In a RAD, notation is availalio
demonstrate how a role, for examplBigisional Director,might instantiate an instance of another role, in
this case #&roject Manageras and when new projects come to light, whichdgect reflection of real
business processes, unlike the notion of the &cipartition.

Another important, and perhaps overriding diffeeeris that activity partitions do not allow for neathan
onethreadof activity within a single partition, focus isvgin rather to providing a sequential string of
activity. In a RAD, the notion of hanging threads available. Ahanging threadllows for continual change
within a process and is activated on event, afigatne state conditions within the process. Thiery useful
in modelling alternative and exceptional situatidnsleed, this event-driven behaviour is an impurta
reflection on the real-world where people are ofibeerved “dealing with abnormal or unexpected

situations” (Ould 2004c) within a process definitio
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5.1.1.3.2 Start Vs Trigger

In a RAD, there is no corresponding notation far $tart node of the Activity Diagram. In an Actyvit
Diagram, the start node represents the beginnisgmithreadof activity, nothing more. In general, states
are used to mark the start of activityeadswithin the RAD which enables this activity to begince the
condition of state is met. Specialisations can vethe undefined notation, where it is considered
unimportant to know whenthareadof activity may be initiated, only that it can s previously noted, a
role might also be instantiated, which represdmsstart of a new role, whettereadsare allowed to begin
and end with a natural start and stop state, witti@ineed to represent this explicitly. The mogtieit

representation of a start node in a RAD is that igger.

A trigger is state-based and can be used to bethiread of activity, as and when, according toethent that
might activate that trigger. The notation allowsddrigger to be defined by the user that chatigestarting
state of ahreadwithin a role, enabling it to become active. Foample, a trigger might be defined that
instigates ahreadof activity that chases any unpaid invoices atethé of each month. A trigger node is not
limited to a single representative in aheead(or indeed role), the notation can be applied asynimes,

and in as many roles that are deemed necessagpresent the process. It is important to notettieastart
node of the Activity Diagram does not have any esponding notation to manage the concepts intratige
the trigger node of the RAD.

The “prioritisation of user requirements is impoitta(Maguire and Bevan 2002) yet little is definestd
regarding the prioritisation of trigger eventsistcontext. For example, if a trigger was usedescribed
above to ensure that unpaid invoices are chasbe &eginning of every month, an exceptional enesy
occur and override the trigger (i.e. if the systemese down, there will be no system clock, anddfae the

trigger may never activate). Such prioritisationyrba important in the definition of the process.

5.1.1.3.3 Activity Vs Independent Activity

Activity and independent activity or action nodes perhaps the most alike notations found in both
techniques, both being used to describe some foantdo be performed. Indeed, as rule AD18 nofes “
Activity instance must include an Action”. One dwfig difference is that an independent activitgiRAD
has the power to destroy a role instance complétaky evident that no such activity in an ActiviDiagram

has such a corresponding significance since awitygbiartition has naeal value.

Phalp (1998) writes that “as with data flow appites; processes may be decomposed into furthergeese
and so on”. A consideration for both activity amtien is that every instance of each could be dgus®d

further. Therefore, it is apt to “always show whatedetail is appropriate that model forthat purpose”
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(Ould 2004c), and indeed, the RIVA method providaisignce in achieving this. This is supported in
Abeysinghe and Phalp (1997) where suggestion iertmadecompose processes into essential entities to
enable transformations. However, not much direatemyarding abstraction levels within the Activity

Diagram is available.

5.1.1.3.4 Transition Vs State & Interaction

An Activity Diagram transition is used primarily tmnnect nodes together, enabling progress tollosvied
from the start node, sequentially through to theirsd conclusion of the stop node. Since no suttonof

sequential flow is relevant in the RAD, the clogetatives are state and interaction nodes.

Once again, it is evident that a transition baeesasemblance to amgal notion, whereas RAD states and
interactions directly relate to real-life process®state line is representative of how far a pssdeas
progressed relative to time. An interaction expeeghe collaboration between two or more roles.
“Interactions are very rich in nature and we muesttvare of that” (Ould 2004c). A transition, on tiker
hand, is simply a connector between two nodesansition can in faabnly connect two nodes, whereas an
interaction can occur concurrently with a multituafealternate nodes and state lines can mergesinge
states, allowing for multiple entry and exit altatines, thereby being less restrictive. Furthermoog only
can the notation for an interaction facilitate tHust it can also facilitatene-to-oneandone-to-many

interactions with all members of the process. Allvbich is unaccounted for in the Activity Diagram.

A redeeming quality found in Activity Diagram tratians is the inclusion of guards. A guard is defirto
protect the succeeding activity sequence by establj entrance pre-requisites, which are requivdabt
satisfied. In a RAD, this is accounted for by theusion of case refinement and the state basedenafuhe

technique. However, pre/post states do not haveah defining quality as conditions placed by dsiar

5.1.1.3.5 Decision Diamond Vs Case Refinement (Altatives)

RAD case refinement operates in much the same wtheasctivity Diagram decision diamond, which is
very much similar to the decision diamond of efldycharting techniques. The decision diamond &dus
when a decision is to be made which could have nomsenumbering outcomes; this is represented in the
RAD case refinement in the form of a question toolththe answer will activate a correspondingead of
activity. However, a decision diamond is requiredbé satisfied; a constraint not included RADs, Wwhic
operate more akin to the aforementioned guardspte-requisite cannot be satisfied, thaeadwill simply
never activate. The case refinement can also balified in notation to a single independent actiytiut

only in simple cases.
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5.1.1.3.6 Synchronisation Bar Vs Part Refinement (Grurrency) & Replication

The synchronisation bar and part refinement botlrdar the parallel execution of multiple activityreads
via join andfork mechanisms. Since the RAD also caters for the mgmgji states, the additional option for

rejoin is offered.

The single most identifiable difference in termimgy between the two alternate techniques is that of
replication. The replication fan is used to defnpart refinement in a RAD, to signify that thektés
repeated for each and every available considerdtimnexamplefor each employee, conduct revie®RADs
are about the concurrent activity in the real-wbfduld 2004c) and not the sequential view of safitev
system design.

5.1.1.3.7 Stop Vs Stop

The stop symbol in an Activity Diagram has a greaignificance than that of a RAD. In an Activity
Diagram, the stop node signifies the end of thqtiestial string of activity and must be includedamy
Activity Diagram. In a RAD, it is not important tagsify the end of ahreadsince conclusion is naturally
reached via an end state, unless it is considempdriant by the modeller to explicitly illustrate fior which
the stop notation is used. Since multithieeadsare allowed across multiple roles, multiple stigmage may

appear anywhere, whereas in a single Activity Diagra single start and stop node is required.

5.1.1.3.8 Undefined & Prop

Undefined and the prop are notions that are presehe RAD, but have no representation in the Afgtiv
Diagram. The Undefined node is a notation of angpsiymbol which signifies that a state will occur,
irrespective to the measure that may (or may retglbrought the process into that state or thattiead
moves into a state to which significance is unintguatrto the process. The symbol can be used at the
beginning, end, and throughout a process.

The prop is a resource a role might create/updteerrogate and/or pass between roles during anaation.
These props are integral to the role since, wittioern, tasks will be difficult, if not impossible complete.
The integrity of the prop also helps to ensure évatry role operates as a private information spatte

enough information to participate in the requiredaess.
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5.1.1.4 RAD Application for the MDA

It has been demonstrated that by simply lookintpa@tbasic rules involved with two alternate techessjused
to model a process, albeit business or systenditfezence between the notations can be significantthe
extreme it would be very difficult, if not imposihto model concepts and notions imposed in one by
utilising the other. With this division in mind, msider further the difficulty presented when tashaith
transposing a CIM (RAD) into a PIM (UML). It is chafiging to imagine a static view of a behavioural
model, yet the UML accomplishes this in softwarsige at the PIM level via the Activity and Class

Diagrams.

As found in Chapter 4.0, BPM and Software Engineeidegls are somewhat conflicting. In Software
Engineering, structures describedjkstra (1968) are used, where everything is iyeathanised; the real-
world is much less coherent and applying such ntiodelechniques to business processes is inadequate
(Ould 2004c). Furthermore, there is no use in mModeghuman behaviours, collaborations and intecadi
that occur in the business process but have ndfisgmce within software systems. So, not onlytis i
suggested that the CIM be computationally indepen@ebusiness process model alone in fact willdo)t

it also ought to be independent of human procassesre not to be realised in the final systemgesi
inclusion of such items will lead to ambiguitieddamnecessarily complex models. It is argued haréhie
CIM to facilitate modelling of real-world disordethilst not neglecting notations to which softwargieeers
are accustomed to; the CIM is the perfect candifiteita gateway between theal andsoftwareworlds, and

ultimately delivering requirements into the desgjrsoftware systems.

5.1.1.5 Transformations

As previously noted, the MDA is rooted in transfation automation and focuses on the decouplingef t
business logic of applications from the underlyieghnology that provides them. Experience has shban
most MDA transformations take place between PIMBRS8M# Class Diagrams (Sheena et al. 2003), the
behavioural model is offset from the outset. Théivlly Diagram is a prominent behavioural MDA asdef
that may (or may not) be used in any MDA transfdrama A PIM may be transformed into multiple PSMs,
for example, a single PIM object may translate BadSQL Database Table definition, an EJB Entity Bean
and a Remote Interface at the PSM level. With eaehlavel, more detail is added to the model in ares
until eventually final code, or other technical reted(such as SQL DDL, IDL Interfaces, Deployment

Descriptors etc) are output (McNeile 2003).

Transformations have traditionally been the pakistahard work of developers to transform sourcg an
target models by hand. With the advent of MDA, asdociated transformation languages like the Q\J1.O

and ATL, the transformation can be automated @asformation rules. A course grained component inode
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retains association and navigation but abstracés/dlae details; a fine grained component modegsiired

for coding (Kleppe et al. 2003).

It important to note that such “transformations mayer be fully automated” (Berrisford 2004). Foravar
engineering is defined by elaboration (adding detdiereas reverse engineering is defined by attstira
(removing detail). In consideration of CIM transfations, reverse engineering is suggested by the
“composition and suppression of detail” (Berrisf@@D4) whereas forward transformation is not realist
“from a purely conceptual CIM” (Berrisford 2004) aaswdemonstrated by the case study investigation
included in Section 4.1.2. It was described thafdoward engineering to be possible, there must be
familiarity with software notions in defining the &) which raised the issue of specification anddystem
boundary for consideration. Furthermore, the arquro&TranslationistVs Elaborationistposed in Section
2.1.3 is important for further consideration of whaght be the expectation in reference to the wudp

transformations.

5.1.1.6 Translation

TheTranslationist(mainly involved with specialist real-time and ezdbled systems) produces only a PIM
with great emphasis on translation rules by whighdutput PSM and code are prescribed to adheloto.
changes are made beyond PIM level. According t@thks, models should exhibit system behaviour that i
able to be tested and simulated (McNeile 2003;\52086), which of course is fully realisable given
TranslationistapproachTranslationiststypically apply state machines and activities, ahhiesult in
enactable models. By having an enactable PIM, remeénts can be ironed out early in development gece
TheTranslationistargument is very compelling and is ideally whéve state of the MDA is envisioned to be
in the future. However, the technology for the gs@n of a pure approach ToanslationistMDA for

complex business applications remains unavaildbienkel 2005) and state machines are inadequate at

describing concurrent process activity (Gupta 2007b

5.1.1.7 Elaboration

Elaborationistsaccount for the mainstream, developing busindssrmation systems by using MDA to
produce skeleton models, then elaborating on thasdels to produce the user-defined effect requited.
good MDA tool supports the synchronisation of medehereby if the elaboration is made at the PShljev
all other levels will be kept in sync (McNeile 2Q03heElaborationistapplication of the MDA is made a
reality with tools such as ArcStyler and Optima&dabling developers to update the system spedaificat
various levels of abstraction, whilst keeping &itment models in sync and allowing for customisab
transformation rules (Uhl and Ambler 2003).
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The identification of th@ ranslationistandElaborationistthemes in MDA development appears to stem from
the fact that UML is inefficient at providing thequired “precision to enable complete code germrati
(Meservy and Fenstermacher 2005). Hhtaborationistview is the current solution to this, in that
experienced programmers can simply take the sketetaplate provided by the MDA tool and plug in
required extensions. Little evidence is provideavofk relating to CIM-to-PIM transformations. A semi
automatic approach using OCL transformation rubsslieen identified but requires further development
(Leonardi and Mauco 2004), perhaps using an enac@&lbl. Clarification of business models and

transformations is an important first step in fhiscess, conceivably using the RAD.

5.1.1.8 RAD to Activity Diagram

A transformation between the RAD and the Activityafiam is hereby considered to be the most useful
direction of transformation, since this would bengforming a purely behavioural business modelanto
UML software artefact and is in supported by anlewgtory study which suggested that such a traioslas
possible “in particular cases, but [relies] on afdity of the translators to establish and maimtai
equivalence between the two [notations]’ (Odeh.€2@02). From applying this type of transformatian
practice, it was found that when considering suahsformations for use within the MDA it would, st
produce a collection of Activity Diagrams that ntatbe set of separatiereadscontained within a RAD. The
Activity Diagram notation is simply not rich enoughcater for such a transformation, which means
transformation rules themselves would have to doritather information about what to do with elerten
that cannot be represented in an Activity Diagr8tepwise software could be produced which asks the
modeller appropriately constructed questions tovafor an Activity Diagram to be constructed ditgdtom
a RAD, for example, how an interaction might be espnted via control flow, whidhreadsare to be
included in the same process (if they even cammbeé)what is to be done with the nodes that have no
corresponding Activity Diagram notation.

5.1.1.9 Activity Diagram to RAD

Again, from researching this type of transformatiivis difficult to escape the loss of richnesattbccurs. A
single Activity Diagram results in a simplistic gla threadRAD. This might be useful but the RAD is not an
artefact of software engineering, nor is it thathef MDA. Therefore, there may be little significanin
producing a RAD from an Activity Diagram unless pash to demonstrate to the business user the
understanding of a system construction in progfdsseover, by creating a singlereadRAD, the richness
lost from not being able to deliveanging threadsind other RAD notions leaves reasoning futile. An

example relating to a simple order processing systegiven in figure 5.1.1.9.1.
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figure 5.1.1.9.1, UML Activity Diagram transformation into RIVA RAD.
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This example is demonstrative of just how basingfarmations of this type can be. Interactionsravealed
by analysing the control flow between activity jtéohs, with a forcediriving node being inferred. A start
node will never be recognised in a RAD; therefovergthreadwill remain hanging. Nothing is to be said of
the persistence of role instances and nodes thatarincluded in the Activity Diagram notationchuas the
prop, which will never be realised. Moreover, trensformation produces a restrictive view with poor

construction, which may not even correctly représiem process to which application the model ipared.

5.1.1.10 Role Utility Diagram (RUD)

If the elaboration ideal is accepted within the Mok PIM-to-PSM transformations, then it could be
associated with those relating to CIM-to-PIM tramsfations by creating a static view of a businesegss
model, hereby termed a Role Utility Diagram (RUD),iethmight in turn transform by elaboration into a
UML Class Diagram later in the development process.

The RUD is a conceptual model developed as pahistésearch and can be created automatically &rom
RAD by following a set of rules. There are threem@dmponents to the RUD, they are the static viethef
involved role, the props that are used by that anlé the output associations delivered by an agtofithat

role. Figure 5.1.1.10.1 demonstrates this via ti@ieation of a traditional musical jukebox systdotussing

on thecustomerrole.

Customer —————— —— = Customer Playtist
' “,

Browse Song List % e
-] Song List

e
-

Creale DlaylistEﬂ s

Props: e &
Song List o

- /
RAD Fragment RUD Fragment

figure 5.1.1.10.1, RAD fragment for jukebox example and associated Regment.
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As might be expected, the automated transformditmn acompleteRAD may produce a multiple of RUD
fragments. This is because each RAD role is transfdrindividually. Since this is the case, theorynmally
used at the PIM-to-PSM abstraction levels can bevdrupon here. That is of model merging. A model
merging tool could be used to merge the RUD fragmimo a single RUD, based on the elements and
associations developed from fragments that wengqarsly input. This is demonstrated in figure 5.10L.2
by taking the RUD fragment created in figure 5.10111and combining it with another fragment, in this

examplepayment processingpllowing techniques described in Grimm et al.@2p

RUD Fragment RUD Fragment
Customer Plangde=t Playlist Payrmant
Y \ / !
\ i !
\ I /
%
5\ i | Iflr
] ] I I
) Sang List | / Customer i
e \ I I
N \ I /
\ \ ! |
v L \ ! [ i
A (. ! !
E B / i
A3 ! !
Song List ‘\\ Playlist / Paymant /
\ { J
3 r
% !
% i
5 !
M i
Y Le
Custarmar

Merged RUD

figure 5.1.1.10.Z, RUD fragments combined via model merging.

The higher order prevails even in the broken pieces least you aren’t lulled into a sense of false
security by some... merely fabricated order (Huxl@y1l).

The delivered RUD is suggested to be the foundati@nClass Diagram, constructed automatically by
following transformation rules at the CIM level acmimplementary to the RAD providing a software
representation of business process logic. Thawe i®otion of attribute or operation, nor shouldr¢hiee since

they are thought to be a design concern and unteoat this conceptual level. RUD elements and
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associations could be fed into an appropriatefaranodelling the PIM if defined in a universal arage
such as the XML. This is most helpful in that themtual Class Diagram (PIM) would be traceableatliye
to the business model at the CIM level, and any gbamthe business model (CIM) could result in angea

in the Class Diagram (PIM), and vice versa.

5.1.1.11 Conclusion

This investigation has highlighted that the MDAa#ling short of expectation and with each dowrestne
transformation comes a loss in upstream richneskiraportant requirements may become lost in tediusi.
Whilst the UML specification 2.0 has made consib&amprovements in introducing a behavioural model
for use within Software Engineering via the Actvidiagram, such improvement may not be sufficient i
terms of business accessibility and the MDA. Imaotdifferences between techniques involved inVibDaA
and the BPM have been highlighted by this researdboking directly at the rules associated with the
Activity Diagram and the RAD, and the feasibilitytehnsformations between the CIM and the PIM busines
and software technologies. If a move in this dimetivere to be made within the MDA, engineers could
produce a technical PIM derived from a format vitnich the business user has a greater appreciatioh,

vice versa, thereby bridging the gap between tdolgyaand business processes.

Rules for the transformations included in the regeare not published in academia and further inyatson

in this area is required. However, the rules remrea basis that might be incorporated in any aatimm
software development that included the Activity §ream, Class Diagram and RAD. RAD to UML
translations are unavailable, they may not evepdssible in consideration of notions such as spetion

and the system boundary as discussed in Chaptesidc@, the RAD has no mechanisms to support such
notions. Evidence was found in support of the ithed the MDA has yet to be applied to RE concepts; t
transformation between RADs and Activity Diagramsevieund to be less successful, however, an
elementary process for defining a static view ef ®AD has been discussed. By presenting a CIM in the
RAD and RUD forms, systems could be delivered diyemtit of the requirements, human-driven processes,
and be traceable back to them. Furthermore, the RARunded on th@rocess Trinitywith business strategy
at the heart and therefore such strategies shatgde into any IT systems that are produced froamth
providing for the strategic alignment with IT. Tteehnique ensures that objects are created fragimating
events that necessitate the need for them. Moklatsate natural to the PIM might be a transformetput
from those implemented at the CIM level via clealtfined metamodels at both levels (Berrisford 2004).
The RAD metamodel defined in this chapter coulddfae be used as the basis of such a transformation
involving the RAD and the MDA.
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5.1.2 CIM Support for Requirements (CIM-to-CIM)

Section 5.1.1 focussed on the extent to which tBeAMould accommodate CIM-to-PIM transformations
from a requirements definition. This chapter extetids investigation by considering CIM-to-CIM
transformations and draws on the findings of Chagi@that the MDA does not explicitly consider
requirements and specification as part of the CIMr&u MDA research centres upon the use of the BPMN
for the CIM definition. As previously suggestedisiproposed that whilst there are many models and
notations available, those that are significantigmorted by the OMG, such as BPMN and the UML, maty n
be best for use by non technical stakeholders. gfigtific emphasis on the value of BPMN for Business
Analysts, this research provides an example opedy CIM. A requirements approach to specificai®n

then adopted, which proposes to be beneficialediM phase with the goal being to further the tytitif the
MDA by embedding it with RE theory.

The objective of the standardised BPMN is two-félulstly, to be understandable to the business camitgnu
within which it is designed to operate, which isyided for in a simplistiflowchartmanner to which the
business user is already accustomed. Secondlg, tabsferable to the software community in a fdrthat
is rich enough to be defined and executed (i.ethaaBPEL4WS specification). This is challenging amet
by the proposal aihappingfrom BPMN notation to BPEL or the like and is hdve t'BPMN creates a
standardised bridge for the gap between the busjmresess design and process implementation” (OMG
2008a). It is important to understand that a sistiglibusiness process diagram does not contaiitisuff
detail for direct mapping to BPEL4WS and therefégeaphic elements of BPMN will be supported by
attributes that will supply the additional inforriat required to enable a mapping to BPEL4AWS” (OMG
2008a). However, the definition of such attributesild in reality be likely to be completed by tleetnical
expert, rather than the Business Analyst, sincavgbexity is introduced beyond tiModus Operandior
business use, as found with the UML in Section24ahd 5.1.1.

The case study in this section takes the formsifrglified travel reservation system adapted fralwes
(2008d); the BPMN model for this system is showfigare 5.1.2.1.

113 of 333



Ali Fouad (4095780)

‘EmbeddingdRéements within the MDA’

Customer

Updat

Payment OK?

0

Contact
Customer

Send
Confirmation

Bookings

@O

Receive Update
Or Cancel

Requests Bookings Credit
- Customer
Request ; Cancellation «
Flight Book Flight
O Prepare and Receive Send .
Send ltinerary Confirmation Cancellation
Notification
Request @
Book Rooms
Rooms
O .
Send Flight
‘(@7 Cancellation
1
|
|
****** "1'| Send Room
Cancellation
<«

2 Days

Send

Cancellation
Notification

figure 5.1.2.1, CIM of a travel reservation system represented iMBRSource: adapted from Silver
(20084d)).

In summary, the CIM demonstration involves a ficibscenario and represents a travel reservatidemys
whereby flight and hotel details are input, itiméza created and verified, payments accountedrfdr a
holidays are booked with the travel agents. Thassmplistic process (which has been outlined freee
single paragraph of 26 words) yet involves a sonawhbnvoluted and confusing diagrammatic definitién
the BPMN. Moreover, because the components of theBBM based upon Software Engineering

semantics, the accuracy and correct understanditihg motation is imperative in the definition.

Business Analysts “do not start with textual reguieats: it is too complex to come out right awayhviitem.
Instead, they usually start with simple graphigdéans” (Rivkin 2008), supported by VIDE (2009). A
common technique for defining specification is thee Case. Here, the BPMN outlined previously is
accounted for within the simplistic technique, witinther discussion and analysis given beyond.t/B&se
Case specifications are produced whereuezsof the system and are associated withtéls&sthey
complete in interacting with the system (StevergsRRooley 2000). A Use Case diagram is presentedunef
5.1.2.2, along with its matching Use Case descngtidable 5.1.2.1, which follows the recommended
guiding principles prescribed by the CP style rubdsich match th&C’s criteria discussed in Cox et al.
(2001), Phalp (2002). CP Style rules offer the amction and guidance on the format of Use Case

descriptions.
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figure 5.1.2.2, travel reservation system represented in a Use Case.
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table 5.1.2.1 travel reservation system represented in a Use Ca&seription.
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The BPMN is primarily a software notation. The u$a goftware-oriented notation for the purpose of
modelling business processes is likely to makentitation seem inadequate at representing notiatisydar
to business processes. Furthermore, it is notddépc business to utilise “diagramming techniqgthest are
used by software developers since they are designestate and model all manner of things thatrmss

managers don’t need to be concerned with in omeradnage the business” (Harmon 2005).

Initially, it became evident that there would bensodifficulty in distinguishing elements that weémgportant
and required by the system, from those that wetelie BPMN model has no system boundary view as
provided by the Use Case, and it was unclear ah&ther the customer or staff member would enter the

initial booking request, which was clarified fromaenination of the Use Case diagram.

In the BPMN demonstration, notions of role or actord interaction do not exist at all, thus do nahsfer
into the Use Case diagram and description. Thislilgigts the insignificance that BPMN places on such
notions, which are of course natural to the busimesld and requirements methods. The Use Caseitimfin
provides a base which was different in comparisoiné BPMN model. Although many identified cases
remain the same or similar to BPMN tasks, the Use @e&s found to be better aligned with the realitthe
situation. Roles, interactions and collaboratiortsvben parties are easily identifiable, for examtilecheck

paymentase involving the staff member and the credid system.

In the MDA, it is considered important that the imess user be able to understand, validate ang #ppl
CIM, to help ensure that requirements are corren8ly in the final software product. A study in Péxet al.
(2008) demonstrates how using the BPMN in businasde just as difficult to understand as UML Adijvi
Diagrams (Peixoto et al. 2008). The Use Case isadeas a naturally simplistic tool, and thereiss liee
beauty; being useful to communicate to the heati@business user, rather than introduce the @xitigls
that the BPMN offers and, although simplistic inurat the Use Case specification is being “incredging
integrated with model elements” (Hansz and Fad@p00the MDA. However, as discovered in Section
2.1.4, Use Cases are not central MDA artefacts emdrasuitable for the generation and enaction déco
(McNeile 2003) and “the task of moving from Use Gakedesign classes is neither obvious nor simple”
(Cox and Phalp 2007).

From the Use Case specification, it is clear totkatthe travel reservation system employs a gteait of
human interactivity. The BPMN solution, however,qmets a wholly computerised and sequential view of
that interactivity at a particular level of abstian. Because of its nature, the “BPMN does not méteh
reality of human behaviour” (Harrison-Broninski 2@)@&nd therefore is unable to model human-driven

processes efficiently.
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A mechanism was not available to incorporate navetional requirements within the context of the BPMN
diagram. For example, a requirement might reqimedithe designed system be compatible with thdiegis
system (such as tloeedit cardand/orbooking systemsThis is a platform specific consideration that i
beyond the scope of the CIM and PIM concern. Howethé can easily be accommodated within the
supporting documentation of constraints in Use Gaseriptions to ensure such non-functional requems)

are carried through beyond the CIM.

The eventual system is likely to issue an emailesk or perhaps SMS functionality, to cater ferstand
andreceiverequests between tk&affandcustomer This requirement is not specified in BPMN; it idy

from the analysis of the Use Case description tfiati$sue is raised.

Alternative and exceptional Use Case discovery iisgiahe Use Case exploration. On review, it become
evident that the BPMN contains no indication to wiéght happen should the itinerary fail to readh th
customer, the customer fail to update the stafirdigg a payment problem, a system-wide failure be
experienced or the credit card and/or booking systee unavailable. Exceptions are delivered in BRMN
relating to an event that might require the caatielh of a booking or an error requiring the custotve
credited for amounts charged. Use Cases naturddly saich questions as cause for concern to beecehf
the stakeholder involved and provides sufficieittitgtion from a RE perspective in the constructién

specification.

Techniques such as the BPMN are unsuitable for idgfinuman behaviours and biased to supporting
technological implementations (Harrison-Bronins@D3c). Put simply, business and software analip#t& t
they understand BPMN in the same manner (Silver BQ®Rit specifications can be understood quite
differently by those involved (Cook 2004a; Phalp &mpperd 1994). From reviewing BPMN samples
distributed in training materials, significant esavere found and highlighted in Silver (2008e, 300
Semantics related to sequence flow, gateway atér#hintermediate events, sub-process boundargquist
compensation events, transaction sub-processala@rents, link events, state based synchronisagio.
are all illustrative of the complexities involvedtivthe BPMN. If the tools and teaching materialsraat get
the notation right, it is difficult to see how basess users may make anything more of BPMN than simpl
flowcharting. It is agreeable that “there isn’t rhueducational material out there that shows pelogbe to
use BPMN correctly” (Silver 2008e). However, oncegged into the MDA, CIM level errors could be a

critical project management concern.

The study demonstrated how complexities relatingpéoBPMN may not be beneficial to the Business
Analyst in representing the requirements for sofensystems, especially when looking to illustrate €IM
within MDA, because the BPMN provides an inadequepeesentation of human behaviour. It is highlighte

that the UML and MDA code generators are not timeedy for the ills of the development world (Thomas
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2004); tools and notations available to the Busidesdyst, as well as the standards that goverrethos
technologies, must be embraced, not only by the GiiGthe Software Engineering world, but perhapseemo

importantly by the business users.

5.2 Implications

The findings presented thus far support furthatdrising alternate modelling techniques, includirey
RAD. Research into how different a PIM might be defirmay hold some value in the future of speciforati
via the CIM. It is suspected that mechanistic anmdmistic processes might both require specification
BPM, but only those that can be mechanised for tB&MEither way, an understanding of the nature of
business processes is central to the specificainoe humanistic processes presented incorrectheaCIM
level may result in a deformed architecture whioksinot facilitate support of the business proitesas
defined to augment. The remainder of this chagiasiclers the implications of these findings in temwh

MDA notation and tooling.

5.2.1 Notations

The BPMN was designed to make the implementatiaxetutable models easier, driven by one notation,
rather than be flexible to the multitude of notatiolt is said that the BPMN provides “the powedépict
complex business processes and map to BusinessPidemagement execution languages” (OMG 2008a),
however, limiting the modelling of the business dmto a single notation provides a weakness it tha
concepts which could have been adopted in othatinas may no longer be used. Moreover, by definitif
the BPMN is based on software concepts, the techrigjno longer as meaningful to the Business Analyst
it is to the software producer, leading the Busirfgsalyst to learn to think, for example, in ternfobject

rather than process.

The solution suggested here is to open out the MBéallow the accessibility of a greater range of
modelling notations and standards support, ratreer giving focus to just the chosen few. The BPMMN an
the UML are not intended to be supportive or féeié domain specific modelling definitions in terofghe
Business Analyst (Brahe and Bordbar 2006). A greaieg@ance of other notations and standards sujsport
suggested to enable the MDA to fulfil the ideolaxfyfacilitating truly interoperable, portable arelisable
models. For example, the BPMN only allows messég@#eract with two single entities, whereas with
human-driven processes, interaction is usually betwmany (a conference call, for instance), wtsch i
allowed using other diagrammatic notations sucth@adfkR AD. As previously mentioned, the BPMN is not
capable of producingle, and therefore, requirements pertaining to sucbtational element cannot be

modelled correctly for that reason and systemsbeattelivered incorrectly. In the BPMN, roles haverbe
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aligned to a grouping of activities or process nhajiiaswim lanesandpools Roles essentially account for
the responsibility and purpose that characterisgptople and systems that they represent, ancdbajasha
collection of mechanised actions and functions;RA® has a simple foundation, with a “natural” grigaih
notation, which allows them to be introduced tolisiness user with minimal training (Harrison-Brokii
2005a).

From examining transformation techniques in the MBpecifically those relating to CIM-to-CIM and CIM-
to-PIM, a RAD could be transformed into the UML fhe use in software systems development via the
MDA. Harrison-Broninski outlines formally how eacbroponent in a RAD can be represented in the UML,
although with lesspecialised usabilitand concepts pertaining to the RAD and HIM toolarti$on-

Broninski 2005b). Other researchers also focus oh sansformations. For example, a proposed
methodology for transforming models of the BPMN ibtse Case notation goes some way to looking beyond
the OMG’s CIM and towards the PIM (Rodriguez et 02a). Secure Business Processes are defined by
using an extension of the BPMN Business Process &iagnd the Business Process Security Profile. QVT
transformation rules are then used to capture thdNBBNnd transform it into elements within UML Use

Cases (Rodriguez et al. 2007b). For exanmpde] to actor, activity to use casendsecurity requiremertb

use casé€Rodriguez et al. 2007a).

Ultimately, the task of retaining the richness eimeéd within requirements models that may be lost i
transformation process remains a difficult one ssithe requirements model is held integral to tiBAMThe
BPMN does not include the technology suitable tainethe richness of information that is providedlig
requirements models. An alternate suggestion fagstigation could be to include, or extend the tots of
the BPMN to account for notions that carry real niegun requirements models. For example, as pralou
discussed, thewim lanenotation could be adapted to reflect that obla. However, this notion is dismissed
in other research, where the view is that suchmesh simply cannot be captured by the BPMN via siten
(Harrison-Broninski 2006c¢), supported by Bushell 00

5.2.2 Tools

MDA tools and processes are required to be agibeigmto adapt and facilitate changes. Models aitteas

to be “shared in abstractions” (Soley 2006). Ineoffdr the MDA to be successful within industryol®

should be accessible to both the software deveddpet create implementations and the business udmrse
requirements necessitate them. Many tools areablailn the market and purport to pursue MDA ideals
However, it has been seen that “most MDA toolsgea@red to programmers and software developersrrathe
than non-technical stakeholders” (Kanyaru et ab&) and that such tools remain in an evolutiorstaye
(Leonardi and Mauco 2004).
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As previously highlighted in this chapter, the BPM&k associated problems. Difficulties are also egoptan
industry in that the BPM field has not yet matur8dd Section 4.1.1). Tools are available, Common-Off-
The-Shelf (COTS) and custom created, to accomplishanner of process analysis, design and execution
tasks. It is noted that business users are notaaingr the BPMN to the degree that the OMG and MDA
proponents would hope for. One reason suggestdtifois that “the tool vendors themselves donibfe

the spec” (Silver 2008c). It has been highlighteat tvell known distributors of BPMN software tootsda
training facilities (analysis derived from a revi¢vat includes Savvion, Tibco, Appian and Intali@pen
Source Modeller) neglect the BPMN specification(&il2008c, 2008e). Supporters of BPMN therefore must
work tirelessly to ensure that tools and trainimig@ration incorporate the correct definition of ®PMN
standard as prescribed by the OMG (2008a). Itsis abted that “modelling tools obviously don't inde
validation routines that weed out illegal diagrar(Silver 2008c), which may also benefit considenati
Formal semantics could be defined and, via aut@matules could be generated and model semantics
verified which would “ensure precise specificatamd... assist developers in moving towards correct
implementation of business processes” (Wong ant@ib 2008). However, the technique, supported by
Microsoft research, draws the definition of semamnin CSP via an abstracted syntax described by the
mathematical state base in the notation Z. The enaditical base and process algebra syntax is venplea
and unhelpful for the business user in the definitind verification of requirements (Wong and Gitebo
2008). As previously noted in Section 2.2.4, Abeghie and Phalp (1997) demonstrate how CSP can be
combined with the RAD to provide end-user accessibiwhilst retaining the formality of CSP”
(Abeysinghe and Phalp 1997).

Eclipse is an open source Integrated Developmevit@rmment that supports the MDA. Central to Eclipse
the Eclipse Modelling Framework, which is a “modeiven metadata management framework” (Frankel
2005). In marketing Eclipse to industry, the unigeding point is highlighted to be the modellingdecode
generation capabilities, little focus is given ke tonsistency and automation of the Integrateccldement
Environment; which is the real advantage (Frank@3). Perhaps this is because the Integrated Dawelot
Environment capabilities are too complex and difitco market for business use. Indeed, by givitigrdion
to modelling and code generation, interest candiregl by organisational managers and investments in
technologies can be made. However, if the marketisly represented by technologists, then thisilshoot
be the case. In reality, Eclipse does not haveidoessary tools to generate applications such asdan
processing system, “it is better suited... for mddglh tool's metadata and generating code that gemnthe
metadata” (Frankel 2005). The Eclipse marketingtsegy therefore, could be considered to be aimed at
increasing the business interest, without anypeahise to those users, delivering directly to the

technologists working behind the scenery.

The focus is for MDA vendors to “provide integratiwith requirements and testing artefacts withi th

tool... if models can be tested against accurateifsgaons, then problems are caught upstream wtree
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can be handled” (Hansz and Fado 2003). Requireraedtsesting experts “often stay outside the mautglli
tools. They need to be brought in” (Hansz and F2ai8). From the perspective of the MDA, they are
currently outside of the architecture as a whodg/omd the tooling task. The Business Process Deivgjop

Life Cycle (BPDLC) is defined as an approach to elatérthe Business/Systems Analyst knowledge gap, by
formalising business requirements in terms of adRasiness Process Flow (BBPF) (Rivkin 2008). Another
solution is the Topological Functioning ModellingrtModel Driven Architecture, via UML Use Cases and
Conceptual Class Diagrams (Osis et al. 2007). Thenlyidg architecture is that “functionality determabs

the structure of the planned system” (Osis et@0.72, however, to limit the definition in such ayygerhaps
neglects some important pre-CIM and design congidesathat should be made in the derivation of a
suitable concept tool. Another drive to includeuiegments within the CIM is presented in the VIDE
initiative (VIDE 2009) and adopts an interactiverieanment, based on BPM ideals (Phalp and Jeary)2010
that eases the business user into the MDA proesasgut getting overly involved in the technicadisi related

to the architecture. The tool provides a “developt@avironment” (VIDE 2007) consisting of several
palettes, guiding the user from pre-CIM-to-PIM visteapwise methodology (VIDE 2008a) and represents a
useful step in the right direction of making the MBccessible to the business user, despite havialigace

on the BPMN for defining the CIM.

5.3 Summary

The relationships and differences between busiaedsoftware techniques, and a discussion regatidég
notational and tooling implications involved, gaxsduable insight into how requirements techniquey ime
applied to the MDA, and what needs to be done hieze that aim. The suggestion for extending theAVID
has previously been identified with the solutioinigethat any such extension support specificatidhaut
any loss in the versatility of the MDA, providingcanduit to interoperable, portable and reusabfievaoe
models. By including RAD definitions in support, A could be enhanced and business user interface
facilitated. A foundation Class Diagram could beivknt based on the original process specificatioRldD
as described in Section 5.1.1.10, provided systemmdbary elements are addressed. A loss of richmass
clearly identified when attempting to transformrfréhe business model and therefore further reséarch
required in discovering how to retain the richngsssided by business models, perhaps by includieg t
RAD as a support model at the PIM level or througleres of model evolutions. By examining the
transformation process between CIM level artefactsas found that the BPMN is semantically rich in
software knowledge and not an appropriate notat@ommunicate ideas to the business user or tupm
specifications from as the notation was found tedid of any system boundary concept. A simple Oase
could cater for such a system boundary view aneier aligned in demonstrating user requirememds a
resolving the ambiguities and complexities assediatith the BPMN in terms of the business user. Hare

the Use Case is not a central artefact of the Mbh isiit complex enough to retain the richness iregluof
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the PIM. Promising results were found in Sectidhbin terms of transforming from the RAD to the UML
Provided the concern for specification is addresgedRAD may prove useful at interfacing betweean th
business and software users as a single CIM levatian, being both rich enough for business process
definition and simple enough to facilitate undemstiag of that process. Therefore, further rese&rch
required to discover how business notations, sach@RAD, might be supported within the MDA,
moreover, how the framework of the MDA could beesxted to support varied and combined notational

standards at the CIM level, whilst retaining thetcadrideals of the MDA.
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#$ 2

3

In this section, ideas based upon findings madghiapters 4.0 and 5.0 for extending the MDA framework
make the connection between business and softwsars are discussed, with a solution in satisfacifaim
3 being provided in Sections 6.3 and 6.4. The cmmnation is focussed upon what is useful for arliegble

to both business and software users alike (Muss@@iD).

6.1 Extending the MDA

The CIM is representative of tleaterpriseand includes the definition of business rulestsfand terms
(Hendryx et al. 2002). However, due to the irregtitaf the real-world described through Chaptets 3, it
has been seen that MDA transformations are focussigdon those involving the PIM and PSM. The MDA
does not place enough emphasis on CIM developmenblg 2007; Kabanda and Adigun 2006; Karow and
Gehlert 2006; Phalp et al. 2007) and the exclusfahe CIM within the MDA transformation process is
demonstrated in figure 6.1.1. It is seen that nangt connection exists between the CIM and the Ri¥ a
there is little research given to transformationglving the CIM, that is CIM-to-CIM and CIM-to-PIM
(Kherraf et al. 2008), supported by the finding<biapter 5.0.

Transformation
Information

r

Platform
Information

figure 6.1.1, MDA Viewpoints (Source: developed from OMG (2003b)).
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To align the paradigms of business and softwarkimthe MDA, it is appropriate to use RE and BPM
technologies centrally within the framework. The Ulslppears to be thde factostandard for the PIM and
support is given by the MDA to the adoption of BRMN specification (OMG 2005, 2008a; White 2004) for
CIM definition. The UML and BPMN are plagued with seéire engineering concepts and it is difficult to
replicate those of RE using them. Notions naturghébusiness domain, suchrake andinteraction,are not
easily represented using UML or BPMN, and that iz Keguably, the UML may not be the best generic
technique for mapping concepts to programming laggs, let alone from a business domain into thbeeo
programming world (Génova et al. 2005). From reseaponducted thus far, it is thought that extendimeg
MDA definition to account for the dislocated CIM ddunvolve a combination of two suggestions in
accounting for specification within the CIM. Thestibeing that particular models and modelling témpines
are specified for use in making the connectionotier is that a more abstract framework extensen
defined for the MDA, within which any number of leggues might be employed, so long as essentiaidhe
are addressed. Each of these ideas is given futdiiéeration in turn.

Section 5.2 highlighted that the nature of busimessesses is of important consideration in deteirmgi
techniques sufficient for requirements modellinggmses. It is also noted that the business pratmss not
necessarily account for the specification of avgafe system. For the definition of functional reguients at
the CIM level, the BPMN may be perfectly sufficieatrhodel processes that have a mechanistic nature,
provided the notation is understood and implemeontetkectly. Other processes have a complicated@atu
and may be better represented by the RAD, perhapgivéd BPMN definitions in support, or to enable
transformations from RAD to BPMN or the UML. Suppoould be given in defining a less complex version
of the BPMN, which could then be translated intoBf®MN for the definition of a mechanistic software
system, avoiding identified complexities. The siisijid notation used could be akin to flowchartingthods
that the business community is used to, but theitapt thing is for elements within the notatiorb®
directly transferable. For non-functional requirense visual test cases might be suggested to besthe
MDA artefact.

The second suggestion is to conceptualise an abitgextension to the MDA framework to include
requirements elicitation and specification as @t the CIM (see figure 6.1.1). Preliminary invgations
into ideas of extending the architecture via pre-Gidtlvities (DDM, IRM and BM) and the formalisatioh o
the CIM in terms of available transformations (seeiérs 4.0 and 5.0) have been conducted by disgecti
the expectation of each MDA phase in terms of ig@uitd outputs. The description of an extended MDA
framework would likely follow discoveries made aahefined by xMDA in Section 4.2, highlighting the
importance of defining the system in terms of fiorts and constraints, without describing a techaigu
notation to do so. The idea retains the versatlitthe MDA in being interoperable, portable andsa&ble

since the inclusion of any notation constrainsefeantral concepts.
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figure 6.1.1, requirements and specification included as pathef CIM definition.

RE and BPM focus on business processes, and assowbde and notations offer freedom to the business
user, often allowing an extensibility which canfat at least is very difficult to) be interpreteg $oftware
modelling tools. One way to support the move tdgfefom a process model is to provide a requiresien
phase where modellers can specify a system tha¢sskel a given business need in a language conomon t
the business user, with resulting systems being takcustomer expectations on quality requiremantsthe
business process. CIM definitions do not currentiyoant for the unfamiliarity of software developrhen

paradigms to the business user, and mechanisnmaf@ferring requirements knowledge are unavailable

So far, the importance of extending the MDA to int# RE has been argued. The MDA is broad enough to
accommodate many methodologies from the commonrialitepproaches to more recent methods such as
Agile Software DevelopmeahdExtreme Programmin¢Kleppe et al. 2003; OMG 2003b). With an
increasing demand for systems to match the reqemésrprescribed by business managers at the &rt o
project, there is an even greater need for projeatsflect multiple changes throughout the develept
process. Perhaps the most defining characteristieedVIDA is conceptual simplicity. The MDA fosteas
agile environment which goes some way to addreghimgoncern that development projects are notiveac
enough to the changing environments. Developers baen using models for years, business users even
longer. The UML is now the operating standard tachwiMDA is associated, facilitating transformations

between models with the ability to be flexible tmnging requirements.

6.2 Importance of Specification

The ability to efficiently design appropriate congusystems and enable them to evolve over their

lifetime depends on the extent to which... knowledge be captured (Greenspan et al. 1982).

126 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

In 2004, the Standish Group reported that “abo@t 20 IT projects are cancelled before completiod kss
than a third are finished on time and within budgith expected functionality” (Kappelman et al. 00
Among the factors relating to the requirementsrigdin, the differing ideals of software developarsl
business consumers and the inability for projextsetreactive to requirements change, have been
instrumental in a multitude of failed projects (Reimat 2005; Kappelman et al. 2006; Lavagno andIiue
2006; May 1998; Phalp et al. 2007; Poernomo €G08; STSC 2003).

A requirement is a desired relationship amphgnomenaf theenvironmenbf a system, to be
brought about by the hardware/softwarachinethat will be constructed and installed in the
environment. Aspecificationdescribes machine behaviour sufficient to achteeerequirement...
Specifications are derived from requirements bgeaig about the environment... (Jackson and
Zave 1995).

Note: The use of the terrmachineis preferable over that sfstendue to associated ambiguities.
It follows in Jackson (1995) that, the analysishaf PD is related to the design of the solutionesysvia the

specification (see figure 6.2.1) — literally theégrsection of the problem and solution domainskSaic
2000).

Specification

figure 6.2.1, systems of prime concern and development acti{fiesrce: developed from Jackson (1995)).

In specification based software development, useds are defined by requirements, from which a
specification of system behaviour is created taeskl(Jackson and Zave 1995). PD elements thabate
be realised in the solution system are extractemhgispecification, imposing neither informality tre
solution system nor formality on the descriptiortte# PD (Jackson 2000). Once authorised, the $pesadin
is transformed into the resulting code for a systemchieve the original user need (Ince et al3)9ence,
RE is important to the development process (Castah £002). Ultimately, specification should attéie
qualities of being unambiguous, consistent, cornepetd incremental (Gupta 2007c¢). In reality, exgrere
has shown that business processes and requirearerdfien misunderstood, or even entirely neglected
leaving resulting systems incomplete in meetingedtalder requirements (Bray 2002; Kappelman et al.
2006; Lavagno and Mueller 2006; May 1998). As dbsctin Section 4.1.1, this is frequently because
developers require business stakeholders to uaaersequirements and process logic in technical

terminology, rather than logic native to busingssufficient attention has been given to defining
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requirements in complex projects, those which asdumfamiliar problems, and the penalties in tesis
cost, quality and the time it takes for projectbéocompleted have all been well demonstratedesssu
pertaining to RE have been found to be instrumentsilich failures (Bray 2002; Hansz and Fado 2003).
holds therefore, that time is well spent in definmequirements in the development process (Brooks;19
Greenspan et al. 1994; Kleppe et al. 2003; SomifteR004; STSC 2003; Wiegers 2000).

Specification is defined by the boundary betweestesy and user (known as the system boundary). The
system boundary distinguishes those functions reduiy the system from those that are not; and is
important in the determination of requirementsdesionstrated in Chapters 4.0 and 5.0) becausdriedef
where the software element is situated in comparisdhe overall system (Nuseibeh and Easterbro6R
The abstraction is a fine line between interadtivenan and software elements and, when working avith
PIM level language such as the UML, the impositibobject orientation compounds this elemental
distinction. The system boundary is a consideratiben addressing business processes in that tagamst
used must deliver the requirements of softwareegyst and not just process. System views of business
processes must therefore be accounted for by tha MDrder that requirements are defined corredity,
that PD elements are not realised in the desigoftfvare systems. In consideration of specificatitine
context of the MDA, a framework extension is desed in Section 6.3, supporting a method faciligtin
specification outlined in Section 6.4. “A desigfiosm, behaviour and function typically progressatesely
from concept to detailed realisation” (Ohata and$38005) and therefore, in order that models diees
and requirements and PD elements accounted fofraimework and method support an iterative natsee (

Section 6.4.5 for further discussion).

6.3 xMDA Framework

As noted in Section 6.1, upstream transformatiensain relatively unsuccessful and there is no esxten
study of this. Those that attempt the task reptwsa of richness in process models. Other reseesdbok to
incorporate requirements within the MDA. In Poermoet al. (2008), a methodology is suggested that ca
react as requirements change, “accurately refferhtto code and ensure that the successful complefi
the IT system will add value to the business” (Roeto et al. 2008). However, no verifiable datarsvped
and the solution seems conceptually too complekdiginess to adopt. The CIM-to-PIM transformation
process is inadequately described and the resualiagitam is not necessarily a PIM, since no accfamt
design has been made. In Martin and Loos (2008ptagration language based upon the BPMN is distliss
to provide both the simplicity to the business ws®t enough complexity to the software engineerder
that programs might be created “automatically” (fMaand Loos 2008). This is difficult because by
introducing automatic transformations from the Cbvtbde constrains the CIM and renders the PIM

redundant. Design features are shifted into CIM tranton, leaving a large part of the developmentpss
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down to non-technical business users and the BPMNn®plex; it may not be the best notation for bes
users to demonstrate business processes, letddsighm and implement software solutions. In Kheetadl.
(2008), a typical transformation process is idéedifand demonstrated via a case study. Althougtifgignt
in furthering the understanding of the value arasiiility of such transformations, no considerai®given
to the fact that analysis and design models ara fmo opposing environments (Kanyaru et al. 2008
difficulties encountered in transforming elememsf the business to software domain are also tefida

the findings of Génova et al. (2005), Nuseibeh Basterbrook (2000), which supports the argumerd.her

Therefore, a solution is suggested which incorgsrétte two ideas presented in Section 6.1, extgritiz
MDA framework with requirements and specificatiand supporting the extension with a technological
method, to solve two overarching problems. Firgtig, need to provide a generic software proceastste
into which different uses of requirements and dpEtion can be accommodated, and secondly, the toee
provide a specific set of techniques for expressiugiirements and specification within the MDA. tig
6.3.1 extends figure 6.1.1, illustrating how the MBPould appropriately situate RE within the MDA and

connect the CIM to the PIM, ensuring the distincti@tween the problem and solution domains.

CIM
-~
Transformation Transformation
Information Information
F 3 F 3
Platform Platform
Infarmation Information

figure 6.3.1, xMDA framework (Source: developed from OMG (2003b)).

In software development, “attention is focussethatapplication level, where the emphasis is oneaaiy
desired functionality” (Beeson et al. 2002). Thdus®on of a CIM that focuses only on software largps
such as the UML or BPMN is unhelpful, and leadshtorieglect of requirements and specification, gjvin
focus only to such functionality. The system bougds currently not an explicit consideration oétGIM,
which is accounted for in the XMDA framework. Itdsgued here that, for the transformation of the @M
be useful post-CIM, and to adequately make the adioreto the software domain, it must represent
specification as described in Section 6.2, andarmoere abstraction on the PD. However, analysisiasign
are not considered to be isolated from specificatiather, that a part of both reside within ifpgorted by
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Gunter et al. (2000). That is, specification regsiia degree of analysis as input and that speaificdefines
a degree of design as output; therefore the xM#nBwork integrates Jackson’s systems of prime conce
directly into the xMDA with the inclusion of thrgihases within the CIMEnvironmentSharedand
Machine(see figure 6.3.2).

CIM with Specification

Environment Machine

Analysis Design

figure 6.3.2, the integration of the xXMDA with Jackson’s systefrrione concern (Source: developed from
Gunter et al. (2000), Jackson (1995)).

The EnvironmentSharedandMachinephases are proposed to enable only elements nélevthe machine
to be transferred into design from the analysithefPD. This is achieved by applying informatiouattthe
transformation (i.e. mapping rules) that are infednoy the target platform metamodel (i.e. the UMbl
extracting elements in the process. This represetitge interface by taking elements in the reatlavthat
are to be realised in the software domain and feamsg them into it, allowing for traceability twe

accounted for in the documentation trail.

Ultimately, the goal is to facilitate MDA accesdityi by allowing business users to define requirataén
anyformat to which they can understand and applyctvinétains the versatility of the MDA in being an
interoperable, portable and reusable solution. fiféa must be matched to an xXMDA representationisha
sufficient for the derivation of software systeraguirements in a manner to which the Software Eegiis
akin to and also retains the richness of definipoovided by the business user. The CIM must embidszds
from both the world of BPM and Software Engineeriagd these ideals are somewhat conflicting as rinted
Section 5.1.1.4. The more complex upstream becaimesnore chance there is of errors being trarederr

into implementation, and therefore simplicity ikighlighted ideal in defining the framework.

6.4 xXMDA Application

To augment the applicability of the framework désed in Section 6.3 and contribute in part to acinig
aim 4, a specific method, suitable for expresseguirements and specification within the generid

framework, is required. In order that such a metisatkfined, suitable notations must be identifiidere is
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real benefit in “adopting a single notation insteddbattling with many competing ones” (Spinelli31D).
However, no single notation was found to addres&ttvironmentSharedandMachineconcerns of the

XMDA. Therefore, one would need to be created digedy.

With the advent of suitable environments the forepacification will be retained throughout the
software lifecycle as the key reference point fesign, implementation and maintenance... One
approach to developing a requirements elicitatioh farmalisation method would be to adopt or

adapt an existing informal requirements analysithoe (Finkelstein 1987).

Section 5.1 demonstrated the potential of the RAB eandidate for use within the MDA in facilitatitige
move from business to software models. The RABsedprimarily for “requirements capture and
validation” (Phalp et al. 1998). It is groundedhfly in business, rather than software conceptsgareh that
“software development is an integrated collaborabietween machine and people” (Ould and Roberts)1987
a compelling case is made for the notation as eeiting language that is capable of describing
human/machine interactivity. It would be ineffici¢n focus only on designing systems based ontsiret
processes such as those described by the BPMN Wwhdutnan interactivity the system is designed to
support is actually rather more complex. It is gaithe “impractical” (Hogg 2009) to model all extieps
during design as this will lead to a complex desighthat cannot account for the exceptions it analgred
to account for in the first place. However, whtls¢ software domain remains in structured appbceti
unstructured processes will never be fully realisggoftware support systems. Humans are structuitbd
enough information to make many complex decisidhgrefore, it is argued here that by utilising D,
focus can be laid upon roles that include ad htigicand can transfer into enabling operationslésign,
provided the notation is adapted to account fociipation in terms oEnvironmentSharedandMachine
phenomena. The xXMDA method outlined in this chaptiises these three phases to describe how an
analysis RAD can be transformed from analysis imtsigh, maintaining traceability and thus supporthng

alignment of business models in the MDA.

6.4.1 Moving from Analysis into Specification

Analysis is the software development phase in wthiehPD (business environment) is investigateddeio
to provide statements of intent (requirementshforim a subsequent specification of a softwaressyst
solution to be applied within that PD. At this piih may be helpful to be reminded of the systafngrime

concern and development activities as given presiyoin figure 6.2.1 and below in figure 6.4.1.1.
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Specification

figure 6.4.1.1, systems of prime concern and development actiyiiesrce: developed from Jackson
(1995)).

By capturing and exploiting relevant propertiesha problem domain, the developer refines
customer’s requirement into a programmable spetifia... most specifications are extremely
obscure unless accompanied by the refinement hiatut a statement of the original problem
(Jackson 2000).

The first phase of the xMDA method (which is caltad Environment RADthereby ensures that adequate
attention is placed on connecting specificatiorhwlite analysis of the PD (see figure 6.4.1.3).

Environment

RAD

figure 6.4.1.3, Environment RAD of Specification.

Although it is possible to usany business process model to describeBheironment RADIt is not simply
the case. ThEnvironment RADs informed by the PD analysis, initial requirertseand behavioural
definitions (DDM, IRM and BM) described in Sectior24nd referenced in figure 6.1.1. Therefore,
subsequent models are aligned with requirementsetefvithin theEnvironment RALxs a result of analysis.

6.4.2 Accounting for Specification

Difficulties often occur in transferring environmtesbjects into specification and design. “The nuzshmon
error occurs when the analysis model is supposegpt@sent the real-world (domain model), but enthsed
as a specification of the system to be constru@eftware model)” (Génova et al. 2005), supported b
Nuseibeh and Easterbrook (2000). By defining systerssch a way, design decisions unwittingly become
imposed on upstream models, whereas such decsimig to be addressed manually by the softwareysinal
Specification-based software development is pladnyetthe problem that the connection between the
requirements and specification is not explicit, &g suggested that specifications might be detigirectly
from analysis (Johnson 1988). Therefore, the sepbade of the xXMDA method (known as tieared RAD
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is focussed on the interface between the enviroharehthe machine, takirtge Environment RARSs input
(see figure 6.4.2.1).

Environment Shared Machine

RAD RAD RAD

figure 6.4.2.1, Shared RAD of Specification.

RADs represent busineastivities(actions or interactions) acrosdes, and explicitly considers the
representation of the “resources the role needsld @004c) vigprops Harrison-Broninski (Harrison-
Broninski 2006a) argues that a role therefore cheriaes grivate information spagevhere data is used by
that role to realise internal and instantiate exdkactivity. It is argued here that the informatgpace of a

role can be divided between that of gr/ironmen(that part of the role in which human activity &%) and
themachine(that part of the role in which machine activigists) in order that the specification can représen
the interface between the environment and the maghiithout losing the connection to the origiraérand
associated process. Retaining this connection isgeence of this method and offers an advantageotver
methods in facilitating a better alignment with thesiness process through specification into design

Therefore, the RAD notation is adapted to increhseartformation space of each role.

Once completed, relationships between the envirotered the machine become evident; knowshased
phenomendGunter et al. 2000; Jackson and Zave 1995). hehomena can be questioned; posing

interesting questions for both analysis and design.

6.4.3 Moving from Specification into Design

Since all XMDA method transformations focus onregk@ notation, there are real benefits in that nvagp

are preserved throughout the process and desigrdfared based upon the analysis that necessitateu
“A specification is a starting point for programmginJackson and Zave 1995) and to move the spatiiic
closer to design, a final phase (tflachine RAD is therefore utilised to focus purely on the niaeh

elements revealed by ti¥hared RAOsee figure 6.4.3.1).

Machine
RAD

figure 6.4.3.1, Machine RAD of Specification.
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TheMachine RADSs used to influence the design of the soluticsteay by providing an appropriate interface
from which first-cut design models can be extra¢smk Section 6.4.4). Here, environmental elenmanets
completely removed from thghared RADIeaving onlyMachine-to-Machineelationships within and
between roles to be analysed. The central aimibéoecomplete the removal of environment eleméants
order that, through the specification process, theyot appear in design. There is no requirenarthis
model to be transformed into a Use Case (or any attermediate notation) since the method is thghou
enough to negate the need (although the technigumosts this as a transformation should that bevihef

the designer, see Section 7.6.3 for further disongs

6.4.4 Class Discovery, Transformation and Platformrformation

Once completed, further analysis of tlachine RADcan be conducted to reveal hidden information tibou
candidateentity, interfaceandcontrol classes in moving to design, and TransformatiahRiatform
Information in the form ofransformation rulegan be applied to tHdachine RADto derive first-cut models

to be used as a starting point for design (see @ha@p for further information).

6.4.5 lteration

“Business changes inevitably lead to changing requénts” (Sommerville 2004) and therefore, changes t
the specification and solution system. Requiremelitgation and analysis are iterative in nature
(Sommerville 2004) but accounting for iteratiorr@solving requirements can be a problem in software
process modelling (Dowson 1987c; Tully 1987). Thene in order that models are refined and requéinais
and PD elements are appropriately accounted figrjiportant that iteration is supported in a nitidg and
transformation method that is “comprehensible fbstakeholders during the respective developmbéasp”
(Karow and Gehlert 2006). With the MDA, it is pdasito revisit models generated for use at any@has
(Garrido et al. 2007); a concept central to the ¥Miethod. However, checking for consistency between

specifications will always involve an element ofian participation (Tully 1987).

6.5 Summary

This chapter has argued the need for extendiniyiib& to account for RE and proposed an extension whic
places Jackson’s (1995) theory of specificatioheatrt. In outlining a method to support the xMDA
framework, it is important to consider that eveityation is different and some techniques may leagecater

applicability than others, depending on any palgicgiven situation and PIM level technology. Such
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methods are not intended to simplify difficult dey@ment problems, rather they are intended to gthide
user through suitable steps to provide sufficieipp®rt (Finkelstein 1987). The xMDA method is preed to
support the xMDA framework. This is suggested tovjte a CIM level interface between business and
software users and guidance on the successfukagiph of the method to the MDA in defining requirents
and realising software solutions. It is possibkgt #ny notation could be used, provided each described
XMDA specification phaseHnvironmentSharedandMaching is addressed within the CIM and relevant
Transformation and Platform Information is avai@biClearly, it would be naive to claim that the faand
problematics of knowledge representation can becovee by diagrammatic considerations alone.

Nevertheless, every little improvement helps” (H4@88).

The validation of the xMDA framework is addressedhe following chapters, with the next chapter
illustrating the xMDA method in detail. Once estabéd, Chapters 8.0 and 9.0 investigate the valtieeof
XMDA framework and supporting method for business software use in the academic and commercial

context.
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#$ 4

3 -

In the previous chapter, the underlying theory befs method to support the XMDA extension was

described. In this chapter, a case in point is ufiedtrating the application of the xMDA method.

7.1 Order Processing Worked Example

Described below is a sample fictitious case thasid as focus for this illustration. In the sulose

sections, each xXMDA method phase is applied araligéed in detail.

The XYZ Company is a medium sized business tlwatkisg to develop a software system to
support a small scale mail order business. Becafisiee logistics involved with the enterprise
system that is already in place, the new suppotesyss to be interoperable with other systems
and have a portable and reusable architecture. fbflewing describes the activities of the mail
order process.

The marketing department is responsible for thatioe and despatch of all marketing materials.

Once a customer is ready to make an order, thegutithe order form and mail it into the
company. Once received, a sales advisor procelsasrtier. The customer details must be kept
on file for future reference and credit checks ar@de to ensure the customer account is in credit
before any order can be authorised.

The accounts advisors are therefore required tpoasl to any sales order request by providing
an update on client credit worthiness. If a clieas poor credit, the sales advisor notifies them of
the situation, otherwise an order is created and sethe despatch team; who pack and despatch
the order, along with required despatch note.

A copy of the despatch note is forwarded to the @aisoadvisors for billing purposes, which is
already supported by the accounting system. Thexréveo sales advisors and two accounts
advisors available to the mail order enterpriseeMiarehouse team numbers varies with seasonal
demand and is unlikely to have any impact in tregieof the new support system.

136 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

7.2 Environment RAD

The first phase of the xMDA method involves extirsgtdetail from the analysis of the PD and représgrit
in a RAD. In this example, the PD description waalgsed, resulting in the construction of the RADegivn

figure 7.2.1.
Customer v/ Sales Advisor v'2 Accounts Advisor v'2 Warehouse Operative v/
Environment \ / Environment \ / Environment Environment \

Customer
ready to
make order

Receive
Order

Create Order Ready to receive order

ke Fore each order

Send Ordi Receive Order

Process Order

Create
Despatch
Note

Update
OK

Update
Not OK

Update
Customer
Details

Receive
Reply

Request

Despatch
4 Order

Send Update

Receive
Update

Create
Notification
Receive
Order

Send
4 Notification

Note: Enlarged version appears in Appendix I, figure 1-1

figure 7.2.1, Environment RAD for the Order Processing example.

Typically, theEnvironment RADs constructed in conjunction with other tools fequirements elicitation
and analysis, such as the DDM, IRM and BM describeSiection 4.2, and therefore tBevironment RADs
the output from such elicitation and analysis. Tlitis considered to be more of a complete offgohthe

phenomena required for specification rather thaimgle process model (although it could act as.one)

Here,Environment-to-Environmemelationships are identified and considered. Byn@ring interactions,
such as th&end OrdemndReceive Ordeinteraction between thHeustomerandSales Advisqraspects of the
environment can be considered in isolation of maelsiomplexities. Relationships are compared and

contrasted with those defined in the PD and iniggjuirements to ensure the model is correct anplaie,
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with any inconsistencies being addressed and redalith the stakeholder via iterative mechanisnie T
Environment RARerves as input to the second phase of the xMDthade

7.3 Shared RAD

This next phase addresses issues central to gaicifi. TheEnvironment RADs refined to reflect the
behaviour of the system to be developed with redpeits operating environment. Each individual ruse
system role is divided into separate conceptuaespaf theenvironmentndmachine particular to that user
or system. The role is divided by a boundary limigh elements pertaining to either the environnamt
machine being placed in the respective space, atpgithe tasks a role might be required to comeglethe
real-world or via the machine. The output of thisqess is known as ti&hared RADFigure 7.3.1 illustrates
theShared RADor theOrder Processingase.

Customer v’ Sales Advisor v'2 Accounts Advisor v2 Warehouse Operative v
 Envirenment Machine 7 Envilonment Tachine ™, # Enviranment Wachine ™,  Envirenment Wachine B,
Customer .
ready to g'e::;ue
make oeder Ready to receive order
Create Order
Fore each order
nd O
Process Order
Create
Pack Stock Despatch
Note
Receive Update Send
Reply ‘Customer Credit
Details Request ﬁ
Despatch
Crrder
{77 send Update

Recalve
Order

Note: Enlarged version appears in Appendix I, figure 1-2

figure 7.3.1, Shared RAD for the Order Processing example.
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Each user or system role reflects the requirenfenthat role; and the interfaces between the envirent
and the machine. Any element included within théiremment space of a role signifies a relationship
between the role and the external environment. Gsele any element included within the machine spafc
a role specifies a relationship between the rotetha machine. For example, since the order foronaated
and sent in the real word (external to the systéme)actions and interactions that fulfil thoseuiegments
appear in the environment side of tbestomerrole. If the order processing system was onlines¢ actions
and interactions would appear on the machine ditleearole, describing an interface betweenGistomer
and the machine. This is useful since it expliditighlights human and machine interaction by rafe]
across roles, in the context of the process. Thezefich detail about the environment, machinethed
boundary in between, is carried forward in speatfan, allowing for specification and design torgha
better alignment.

Here, shared phenomerian{/ironment-to-MachinandMachine-to-Environmehtassociations can be
interrogated. This is important to ensure thatciect interfaces present the user with sufficatess to
the machine and that the machine represents relggiieenents, enabling accurate support for spetifica

when moving to design. THghared RADBserves as input to the third phase of the xMDAhoet

7.4 Machine RAD

This final phase involves moving the specificatiboser to design. Machine elements and shared piem
from theShared RADare interrogated; each connection is investigateter, along with the stakeholder
(iterating where necessary), with a view to de-diogpthe environment from the machine and ensuitirag
remaining connections are as complete and corfeegjoirements as possible. Tiachine RADs the
resulting artefact (see figure 7.4.1).
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Note: Enlarged version appears in Appendix I, figure. 1-3

figure 7.4.1, Machine RAD for the Order Processing example.

The de-coupling can result in a renaming of rotelsdtter align them with the machine. From analysie
Machine-to-Environmentelationship ofSend NotificatiorandReceive Notificatiointeraction between the
Sales AdvisoandCustomeyit was discovered that the interaction is to altyube one with thérinter; from
which the printedNotificationwould be despatched to the client in the enviramroéthe real-world.
Similarly, investigation of th&/arehouse Operativ®le revealed a relationship with tReinter role whereby
the Despatch Notevas printed. In de-coupling tlvironment-to-Machineelationship that existed within
the Salesrole (fromReceive Ordeto Process OrdertheCustomer Ordeprop was associated wigales

and the trigger and replication notation was utied;replication notation was also added toBlespatchrole

in a similar fashion; replacing the cross-boundasast refinement.

This Machine RADs proposed to replace the need for moving to Csses in that the information contained
within it is a representation of the behaviourte# system to be designed, based on the roles iggettifuse
the system and the requirements associated frornidgsis of the PD. Since the method forces tlee tas
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make explicit consideration of machine elementh@process of guiding the user from analysis d@sign,
the additional effort is suggested to be worthyrdhat of other descriptions (such as the Use Cé&xe).
course, some requirements (such as those whialoaréunctional or abstracted away in the procesdef)o
may require further investigation and therefolis firoposed that other mechanisms for requirenards
traceability are employed alongside this methodggially the early derivation of test cases retato the

requirements of the system to be developed.

7.5 Class Discovery

Part of the description of the XMDA involved prowid an optional mechanism to offer class disco¥ergmn
theMachine RAD Since no such mechanism exists in practice, asébben defined specifically for the
XMDA task. In object oriented programming, threergbtypes are “often reserved for object identiitcs
(Cox and Phalp 2007). They a&entrol, Entity, andinterface(Edlich et al. 2006; Harrington 2000).
Although others can be added (for exan(lél andDatabaseas described in Cox and Phalp (2007)), the
stereotypes identified by this research are ginealle 7.5.1.

Stereotype Description

Entity Data access and retrieval class

Interface Connection class

Control Functional communication management class

table 7.5.1,stereotype descriptions for class discovery (Sawdeeeloped from Cox and Phalp (2007)).

An analysis technique is defined here which utilidee stereotypes described above. TivStepanalysis
consists of directly interrogating tivdachine RADfor stereotypes and can provide interesting irtsigo the
discovery of candidate design classes of each ttpss Entity, interface and control classes can be
discovered from a compleTei-Stepanalysis of thdvlachine RADand each stereotype is given consideration
in the subsequent sections, with the complete Tp-@nalysis for the worked example following. This
analysis is suggested to be useful in finalisinglet® output from the application of Transformatao
Platform Information at design-time to aid undemstiag of provided models. Once classes are idenitifi
attributes, services and structures (such as taineg, aggregation and association) can be coesider

application (Cox and Phalp 2007).

7.5.1 Entity Classes

An entity class is used to represent the data elevd a system. Candidate entity classes can beeddry

examiningMachine-to-Machinénteractions, with potential hidden classes beingovered by using a similar
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technique as described in Phalp and Cox (2001)ekample, th&Send Credit RequeahdReceive Credit
Requestnteraction in figure 7.4.1 betwe&alesandAccountsoles reveals an interaction that contains an
exchange of data (hereby called a data-interactinterrogation of this interaction can resultlie tntity
Credit RequesfCredit Request <<entity>>) being discovered, witichtains customer details for the credit
checking process. These data-interactions areigightl in figure 7.4.1 with the explicit represdita as
UML Classes. Such data discovery can also be agthiby examining independent activities (known da-da
actions) and state transitions (data-states) difdehine RAD For example, the discovery of\mtification
(Notification <<entity>>) class can be made fronammining theCreate Notificatiordata-action; the
discovery of theCustomer Orde(Customer Order <<entity>>) can be made from exagithe data-states

involving theCustomer Ordeprop in theSalesrole, and so on.

7.5.2 Interface Classes

An interface class is used to represent a systemegit that facilitates the connection of classextier
classes, or to the outside world; enabling thetiama output to and from users and alternativeesystto be
connected. Candidate interface classes can be ddrom theMachine RADNn three ways. The investigation
of the imposed connection between the user ormsysite and any machine element; any connection that
exists within a role to a prop; and any interacti@tween roles, can result in the derivation oflidaite
interface classes. For example, a graphical usenface can be identified for ti8alesrole, replacing the role
with the Sales Graphical User Interface (GUI) (S&lgl <<interface>>); an interface could be extrdcte
from theSalesrole toCustomer Ordeprop (i.e. to interface (Customer Order <<interfagewith the
Customer Order database); and in ordeS@lesto interact withAccountsan interface to connect those
classes is likely to be involved (Sales / Accourtiterface>>). Interfaces can be denoted with/ thembol
on theMachine RAD(see figure 7.4.1).

7.5.3 Control Classes

A control class is used to represent a system eiethat manages communication; typically betwedityen
and interface classes. Candidate control classelecdarived from the control processes of a RAD
interaction and the logic flow of RAD state trarmits. For example, the driving class behind theréatéon
Send Credit RequeahdReceive Credit Requestthe control class (Sales <<control>Sglesbeing the
driving role having elicited relevant informatioor ftheCredit Requesand made the original initiation to
interact with theAccountgAccounts <<entity>>) class (denoted by the stath@®&D notation of the square
box with right-sided upwards diagonal shading &amitifying driving roles). The control of logic flowithin
a user or system role is by each individual rofg; @ther control is a concern external to the maelkind

ought to be considered in that context.
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7.5.4 Tri-Step Analysis

This analysis has been conducted here for theprasented at the start of this chapter, resultirthe
potential classes highlighted in table 7.5.4.1cdpsions of relationships are made following the
technological syntax described in Cox and Phalp 32000x et al. (2005b) where domain ‘DO’ is
responsible ‘" for {x} phenomena.

Relationship Description Class Name Type

Send Credit Request SAlsend credit request} CredijurRst <<entity>>
Sales <<control>>
Accounts <<entity>>

Sales / Accounts

<<interface>>

Print Notification SAHprint notification} Notificaion <<entity>>
Sales <<control>>
Printer <<entity>>

Sales / Printer

<<interface>>

Send Order SAl{send order} Order <<entity>>
Sales <<control>>
Despatch <<entity>>

Sales / Despatch

<<interface>>

Send Update ACY{send update} Update <<entity>>
Accounts <<control>>
Sales <<entity>>

Accounts / Sales

<<interface>>

Print Despatch Note DEYprint despatch note} Despatobe <<entity>>
Despatch <<control>>
Printer <<entity>>

Despatch / Printer

<<interface>>

Sales to Customer Order SAlaccess} Customer Order <tyenti
Sales to Customer Order SAlaccess} Customer Order <gbenr
Sales to Customer Order SAlaccess} Customer Order <faoEs>>
Printer to Machine PR!{access} PrinterGUI <<intedat
Sales to Machine SANaccess} SalesGUI <<interface>>
Accounts to Machine ACYaccess} AccountsGUI <<intag>>
Despatch to Machine DEYaccess} DespatchGUI <<interace

table 7.5.4.1, potential design classes derived from a Tri-Steglysis of the Machine RAD for the Order
Processing example.

It is feasible that this analysis could be automiatesome degree and included in any software stifgothe
method, provided user interaction is availabledlet, amend or add classes (this could also Haldsethe

management of classes in design).
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7.6 Transformation and Platform Information

7.6.1 Transformation Information

The next step of the XMDA method involves the aggilon of Transformation Information to relate the
Machine RADwith the desired platform (in this case the UMBee Section 7.6.2). The choice of particular
notations to illustrate the xXMDA orchestrates thkestion of Transformation and Platform Information
Similarly, as with defining th&ri-Stepanalysis mechanism for class discovery, Transféomanformation

to relate the UML platform with the RAD does nots#xiTherefore, part of describing the xMDA method
necessitates the creation of this information, Wiiscthe focus of the remainder of this chapter.

Metamodelling is “a common technique for definihg Bbstract syntax of models and the inter-relatigrs
between model elements” (Sendall and KozaczynskBR&Gupported by FT (2007). The OMG describe a
four-layered architecture for Software Engineenvith the UML and the MOF (OMG 2006a, 2007c) (see
table 7.6.1.1).

Level Description

M3: Meta-meta “a self-defined language to defineeotanguages at level M2” (MOF)

M2: Meta “a set of domain specific metamodels” (UNtva metamodel)
M1: Model “Any model [that] is compliant with a sgiic metamodel” (Class)
MO: “Instance level [describing an] execution” ofLtMObject)

table 7.6.1.1, the four-layered architecture of the OMG (Sourceveloped from FT (2007), Kusel et al.
(2009), OMG (20064, 2007c), Peltier et al. (2008heena et al. (2003), Thiemann (2009)).

This four-layered architecture underpins model th€bT 2007) whereby a model is defined as anentit
which conforms to a metamodel, which in turn confsito a meta-metamodel. The declarative QVT-
Relations (QVT-R) language forms part of the QVT d&ad central to the MDA and “allows for the creatio
of [a] declarative specification of the relatiorshbetween MOF models” (Giandini et al. 2009). Thisans
that the QVT-R can be used to define transformattations at the M2: Meta level between models

conforming to the MOF meta-metamodel.

In order to “work on the basis of this theory, dfgéeg a metamodel which describes... domain concépts
instance UML proposes Use Case, Activity and Classeaputs) is needed” (FT 2007). Therefore, since the
output from the xMDA method is thdachine RADNn the modified RAD notation, a RAD metamodel
conforming to the meta-metamodel of the targeffqiat (in this case the MOF) is required. Only omewn

example of a RAD metamodel exists in Badica et &0%2, which was extended in Section 5.1.1. Heiis, th
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extension is continued, forming tBémpleRADmetamodel in line with the RIVA modelling methodgjo
given in Ould (2004c) and the MOF defined by the @k2006a) (see figure 7.6.1.1).

-Instantiates

1 -
~ Role t
0. 1 0.1
L -Produces or Consumes
Node Prop v Note
o.* 0.*
AN 0
0.
ol
Descriptor Independent . Role . A .
State Activity Refinement Interaction Instantiation Trigger Replication Undefined Stop
E 1 0.*
[
°gJ= Case ‘ Part ‘
K
o

figure 7.6.1.1, SimpleRAD metamodel (Source: developed from Badieh (2005), OMG (2006a), Ould
(2004c)).

Tools that can be used to define metamodels of dospeecific languages include Dome, GME, MetaEdit+,
ParadigmP (Sendall and Kozaczynski 2003); the elQtual representation demonstrated in FT (2007)

could also be used to demonstrate metamodels.

7.6.2 Platform Information

Transformation Information alone is not enoughacilftate moving from CIM-to-PIM; the application of
Platform Information is required to draw componesftene from the other. This section draws on a
simplified UML metamodel to define transformatiarias at the meta-level from the RAD to the UML. Focu
here is given to the Class Diagram to verify theliappion of Platform Information because it is colesed

to be the most useful model for PIM description (GI2003b) and relates to discoveries made in Section
5.1.1.10 where these concepts first appeared in GHFIIM transformations involving RUD fragments to
create a foundation Class Diagram. The UML is d=fihere by th&impleUMLmetamodel and associated
with the SimpleRADmetamodel (see figure 7.6.2.1).
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figure 7.6.2.1, SimpleRAD and SimpleUML metamodels related byati2umlcd transformation (Source:
SimpleUML developed from Appukuttan et al. (200B1)(2007), Jos and Anneke (2003), OMG (2008b)).

Figure 7.6.2.1 describes a visual QVT-R transforomid2umlicdto relate the&SimpleRADandSimpleUML
metamodels (see Section 9.2 for further discussigarding the application of the QVT). Each metaele
element in each metamodel was interrogated andgatic decision made on how each element of the
SimpleRADmetamodel might be represented by$imapleUMLmetamodel. From careful examination of
relationships betweeBimpleRADandSimpleUMLmetamodels, several rules are described at the-lena|

to guide the transformation from a source model(RAD) conforming to the&simpleRADmetamodel M2,
into a target model M1 (Class Diagram), conformimghteSimpleUMLmetamodel M2. The rule set derived

to relate elements from the RAD to the Class Diagsagiven in table 7.6.2.1.
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RAD UML Class Diagram

Role Class

Independent Activity Operation; Class & Associatib®bject results from Activity

Looping, Line and Descriptor States  Attribute (oapplicable for Descriptor States)

Case Refinement (Alternatives) Attribute

Part Refinement (Concurrency) Attribute; Compositiorefinement objects are descendent from resyibibject

Interaction Assaociation; Operations in Role Clasgemgregation if Role interactions are
exclusive to only a single Role

Role Instantiation Role Class; Operation in SolRoke Class; and Association

Trigger Attribute

Replication Count attribute

Undefined Check context; May define alternate CRisgram
Multiplicity

Prop Class; Association with Role Class

Stop Attribute in originating Role Class

Note Note

table 7.6.2.1, initial transformation rules to map from the RADtk® UML Class Diagram.

7.6.2.1 Class Diagram

To demonstrate how the described TransformationPdaifiorm Information is applied, the rules desedtin
table 7.6.2.1 were applied tMachine RADgiven in figure 7.4.1 which was derived as parthef XMDA
method. The Class Diagram in figure 7.6.2.1.1 tesirom this application process.
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Note: Enlarged version appears in Appendix I, figure. 1-4

figure 7.6.2.1.1, UML Class Diagram for the Order Processing example.

As per the rules defined in figure 7.6.2.1, theuttasg foundation Class Diagram to be passed ti@mdes

contains the four central classes derived fronfitieter, Sales AccountsandDespatclroles of theMachine

RAD. The propCustomer Ordehas also resulted in a class, which has gainesfitance since both tigales

Order andCustomer Orderare deemed to inherit from &@vder super-class type. This type of manual

embellishment is useful, allowing other roles tadlated aEmployeeclass types and included to

demonstrate how a first-cut Class Diagram can kd &, and to inspire, design related decisiorss-gaM.

A further example of this is the inclusion of tBecate Credit Requesiperation in th&alesclass to account

for the data object that is required to result fitneSalesclass before th8end Credit Requestteraction can

take place. Ideally, this sort of decision wouldnbade further upstream when examining the process.

However, it might not be until theri-Stepanalysis, or well into design, that the importaatéhe creation of

the Credit Requesbbject be recognised. Either way, this demonsrtite significance of this type of manual

enhancement to the first-cut Class Diagram. Indépenactivities relate to the operations of thdasses

where, on occasion, new classes have been generaged a data objects result from that operation (f

exampleDespatch Notdeing created by theespatchclass). Attributes have manifested from descriptor
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states (for exampl&equest receiveid theAccountsclass), part refinements (for examplzedit request
sentin theSalesclass), case refinements (for examplpdate OKin theAccountsclass), triggers (for
example Customer order availabla theSalesclass), and replications (for exampBxunt for ordersn the
Despatchclass). Interactions have defined associationsdegt classes, with aggregation being present in
certain cases where interactions are exclusivedmtwingle roles (for example, betw&alesandAccounts
classes in th&end Credit Requertlationship). Multiplicity has been defined frahe  notation (for
example, 1..*Salesinstances may be involved wittDespatchinstances). The Class Diagram has been
further elaborated to account for a selection aésbs discovered from tiie-Stepanalysis conducted in
Section 7.5.4, specifically the interface classgslemonstrate how these might be included an€thss

Diagram refined at design-time.

7.6.3 Transformation Rules

To extend this application, the process was repdaataccount for UML Activity and Use Case diagrams
demonstrate how the solution could support other-@MNIM and CIM-to-PIM transformations, provided
necessary Transformation and Platform Informatsodégfined. As noted in Section 6.4.3, Machine RAD
negates the need for moving to the Use Case diaigrdefining specification although the transforroati

may be useful to those requiring Use Cases to stippderstanding and communication in the developmen
process. The complete set of transformation rukéisiware described as part of this research initleetion

of the UML from the RAD are presented in table 7.5.3long with a natural English description and

example of the provided transformation rule.

149 of 333



Ali Fouad (4095780)

‘EmbeddingdRéements within the MDA’

sequence is defined
(before or after)

and Descriptor
States

applicable for
Descriptor States)

Synchronisation
Bar if flow is split

May define
extend/include
relationships

Natural English RAD UML UML UML Example
Class Diagram Activity Diagram Use Case
Noun referring to Role Class Activity Partition Actor; Project Manager
human or system Relationship to
Use Cases derived
from that Role
Verb with direct Independent Operation; Class & Activity Use Case. Chunk | Writes report
object (noun) Activity Association if Object of activity may
results from Activity define a single Use
Case
Clause where Looping, Line Attribute (only Transition; Check context; Ready to write

report; Writes
Report; Ready to
send report;
Sends Report

t

noun

Clause joined with Case Attribute Decision Relationship; Write report or
“or” conjunction Refinement Diamond; Guard | Check context; Delegate task
(Alternatives) May define
extend/include
relationships
Clause joined with Part Attribute; Composition | Synchronisation Include Writes and Sends|
“and” conjunction Refinement if refinement objects arg Bar relationship Report; Write
(Concurrency) | descendent from report a) and
resulting object report b) to be
contained in
report c)
Sentence containing | Interaction Association; Operations Activity; Source and Project Manager
Role subject and in Role Classes; Transition destination Use quickly sends
object nouns with Aggregation if Role Case; Report to General
verb; optionally interactions are Relationship. Manager and
modified by adverb exclusive to only a Chunk of activity | Contractor
single Role may define a
single Use Case
Verb with Role noun | Role Role Class; Operation in Activity Partition; | Actor Project Manager
initiating new Role Instantiation Source Role Class; and| Activity and selects Contracto
noun Association Transition
Noun referring to an | Trigger Attribute Start; Note Note Complaint is
event that starts a received
process
Determiner Replication Count attribute Decision Note For every
associated with Diamond; Guard; application
activity Transition (loop) received, assess i
encapsulating
replicated activity
Where sequence is | Undefined Check context; May Check context; Check context; The project
undefined (before or define alternate Class | May define May define manager writes
after) Diagram alternate Activity | alternate Use report; The
Diagram; Case; Relationshig project manager
Transition; Stop owns a car
Determiner Multiplicity Note Multiplicity There are 500
associated with Role employees; The
noun Project Manager
Verb and noun Prop Class; Association with| Note Check context; Uses database
consumed by Role Role Class May define
noun alternate Actor;
Use Case; Note
Sequence terminating Stop Attribute in originating | Stop Note Project Ends
verb Role Class
Adjective modifying | Note Note Note Note Project Manage

is logged in

table 7.6.3.1, complete set of initial transformation rules to nfegpm the RAD to the UML.
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It is agreeable that such rules are perhaps lietter considered agiidelines'since it is possible to find
counterexamples to them” (Chen 1983) and thergfmrénvolvement of the user is suggested to enhtnece
application by determining the extent to which thkes should (or should not) be followed. Therefdres
important to note that although elements are dedlas related, no such declaration is made on algnice
and any software implementation of these rules bteggbupport user interaction in terms of model
modification and/or avizard mechanism for the verification of the treatmentmafdel elements. This is to say
that meta-level elements might be derived from amather, but are not suggested to be in direcacephent,
and it is not the intention here to evaluate themtxto which elements might be used in replacement
Therefore, the remainder of this research will ®oun the transformation rules given in table 716ehd the

application of such rules, rather than a discussiohow elements might exhibit such equivalence.

7.7 Summary

This chapter has defined and demonstrated an agptoahe xMDA that utilises the RAD to move
incrementally from analysis to design, through eseof model refinements, and described a set of
transformation rules based upon TransformationRlatform Information involving th&impleRADand the

SimpleUMLmetamodel definitions.

To be a specification, it is suggested in JacksmhZave (1995) that focus be given to shared phenam
that the onus of phenomena control is on the machind that events and/or states are used to espregent
restrictions. This is achieved by this method sieaeh phase is focussed on revealing and advancing
connections between the environment and the machireMachine RADensures that control is central to
the machine; providing interface to the environmehere it is not. The very nature of the RAD is tité
event based, using state transitions to move theegs from one state to the next. Therefore, rement
constraints are represented in the RAD via everdgeag/post states.

Rules for the transformation of RADs into Use Casdivkg and Class diagrams ensure that what is ddfine
in the business model is received by the systemsafst in a language to which they are accustorodthe
UML), making the xMDA method useful not only fordiness use in defining the CIM, but also to the
software engineer in design. These rules represbasis for the development of software suppott tha
includes the RAD and the UML. Furthermore, they hemesiderable implication in terms of the MDA in

forming a real connection between the CIM and thé pthases.

The resulting artefact is a complete method cangjsif three related viewpoints that are foundedrup
requirements elicitation and analysis, and an a@matgchnique with a set of rules to transfer kmatwledge

into the heart of software development, within MDA framework. By presenting specification in theMClI
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via RAD, it is argued that a starting point for aftjeriented system design can result from the definof
human-driven processes; and be traceable backgioating requirements, without the need to define
specification via Use Cases. The method ensurebyhdefining metamodels between the CIM and the PIM,
classes can be transformed from founding everasdiesign. It is further suggested that this in tuilhalso
account for the alignment of business strategy thi¢hiT process, since the RAD is defined and forimed

the nature of th€rocess TrinityThe remaining chapters give focus to verifying tatie of the extended
mechanisms of the XMDA in practice, via the xMDAthe.

152 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

#%$ 5
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Using techniques to assist the transition fromysigito design is important in ensuring the aligntra#
business requirements and software implementatidmsever, this is a commonly difficult and
misunderstood task. The xMDA framework and metlppdposed and described in Chapters 6.0 and 7.0, are
suggested to enhance experience and understamdiagd between the business and software intdraist.
chapter looks to address aim 4 in part validatirggrovided solution in academia to learn whetherob the
technique is viable, and what challenges mightlelved in comparison with other available techeisju
Three alternate approaches (including the xXMDA m@}lin moving from analysis to design were presgnte
to 47 Honours level students of BPR on the Softystems framework at Bournemouth University, with
the results of student participation being highieghand discussed. It is thought that Business Atsalyvith
limited or no knowledge of Software Engineering anoasic impression of RE, may share similar
experiences with the students, since they alspeneeived to have both a limited knowledge of amd a
appreciation for the move from analysis to des#émd therefore, the research may be transferallesto
setting. The argument here is that, if the xMDA moek is found to be viable and accessible to theestis, it
may be practical in industry due to those similasit Of course, much of what is learngdubjective.
However, it is also valuable in gaining an ovesalhse of the impression that users with rudimer&iyl

and RE knowledge might have regarding the viabditgd accessibility of techniques.

8.1 Academic Application

As described in Section 6.2, requirements are és&red effects in the environment to which the sotu
system is proposed to bring about; the specifinaa description of the solution system that feéfil such
requirements and are defined by “reasoning abeuetivironment” (Jackson and Zave 1995). This raagon
is commonly termednalysis Analysis, specification and design notationsadten orthogonal (Cox and

Phalp 2007; Phalp 2002) and can represent diffeients of the software process (see figure 8.1.1).

Sl P @e Case Viev&\‘ Object
Based < P [
. \(Proce dural)/ View
View
. v

'.....llllllllllllIIIIIIIIII----'

figure 8.1.1, orthogonal notations and the software process (Saupbalp (2002)).
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TheRole Basediew typically represents an analysis model (faxraple, a RAD) where activities are spread
acrosgoles theUse Casear Proceduralview can represent a specification model (for eXengpUse Case)
whereactorsare spread acrosstivities and finally, theDbjectview commonly represents the internalisation
of the solution system (for example, a UML Classdpean) whereéDbjectsrepresent the integration of
activities Phalp (2002) highlights that these orthogonal @iosrelate to the capacity of models and

notations to represent clear and consistent mapgiatyveen domain.

Solution mechanisms to overcome this difficulty édeen described by various authors and focusihiere
given to the two that are taught on the BPR unit atrBemouth University, and the xXMDA method described
as part of this research. Process Oriented Sydbasign (POSD) was defined in Henderson and Pratten
(1995) and represents a structural mechanism foribéng a system, that can act as an intermediate
technique in moving from a RAD to a Use Case (Pha{®2® A second technique known as the SystemRAD,
developed by Dr. Keith Phalp of Bournemouth Univgrss used in a similar manner. This approach
introduces the system boundary to the RAD, whicHifaies transformations into Use Cases. The final
technique has already been presented in great tletaigh Chapters 6.0 and 7.0 and suggests th&Ale
could contain enough information to describe speation, negating the need for the Use Case, whilst
allowing for the generation of system level modesed on specification with Use Case derivation if

required.

Other approaches used to remedy the issues in éam analysis to specification include enhanding
Use Case definition with Enactable Use Case toolsyla 2006; Kanyaru and Phalp 2005; Kanyaru and
Phalp 2009) that facilitate the representationasfdvioural dependencies via states; the B-SCP franew
for strategic alignment (Bleistein et al. 2006), e¥hfocuses on the integration of business stratagytext
and process; and the Problem Frames approachnprdsa Cox and Phalp (2003), Cox et al. (2005b)ctvhi
attempts to guide the application of Problem Fradessribed by Jackson (1995) to process models.

8.2 Thematic Analysis

The three methods of moving from analysis to spetibn and design were presented to 47 Honoued lev
students of the BPR unit on the Software Systeamadmwork at Bournemouth University in November 2009
and informed consent was given by participantstiigolved in this research. There was no grouping
consideration of student selection and responseelat®d to the completion of the second part ef th
coursework for that unit; therefore, the sampleateld was randomised (Deveaux et al. 2005). Tliests
were both male and female, each having at leasyeaeindustrial experience prior to attending BfR

unit. Each approach was given a two hour timestetre the methods were demonstrated to the studedts
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opportunity provided for the students to interaad ask questions about the usage and applicatitreof
methods. The two BPR unit approaches were taughtrbi{&ith Phalp; the author attended as a guest
speaker on the d8November 2009 to outline the XMDA method, with fitesentation slides being made
available to the students via the internet aftat ttate. The question that was posed for coursework

submission relating to this research was as follothe complete assignment brief is given in Appehid

Discuss the issues and solutions encountered ifngdénom analysis (the process models) to
specification and design, and mechanisms that ymudwse to ensure alignment of the business

process model (and business needs) and the IThsyste

Manuscripts were written by the students withoseszcher intervention in the students’ own timenait
expectation of an estimated 5-6 hours in totalgspent on completing this part of the assignment,
constrained by a one month submission date andxarmamn one thousand word limit. The identity of
individual participants is protected and, therefoasv data associated with this output is excluideah the
main text of this deliverable. However, three samplf student feedback (with the identity of theividual
students being protected) are included in Appetdfigures 2-1, 2-2 and 2-3, to allow the readegéain a
sense of responses received. This research cookdrtawing upon student discussions and discogetin
factors which were perceived to be influential &ehtifying the personal experiences of and atétud

towards given solutions in the transition from gséa to specification and design.

Responses were imported into QSR International’s N'énftware which was then used to systematically
organise and analyse student feedback using NValassification techniques to code themes. Central
themes relating to the posed question were disedvieom the analysis and spread of codes acrogenses
and used as the basis for Template Analysis (fegetipective sections of Appendix Il for resultd an
observations relating to this analysis). Groundeddta extracted from the written experiences ®BRR
students, the purpose of this type of qualitateaearch is to focus on those individual experietzggin an
understanding (rightly or wrongly) of the centia¢ines perceived by the student to be associatedving

from analysis to design via specification via TeatplAnalysis.

8.3 Methods

In Section 2.2.4, the RAD is described with concetele, activity, assertionandentity as central to this
notation. The modelling notation is useful sinceaters for the dynamics of real processes, allgyionthem
to be flexible. Because of this ability to descnibal-world processes in a rich context (includiedpdvioural

dependencies) and being simple enough to underatahinplement, they are a candidate analysis tool
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adaptable to methods used in moving from analgsipécification and design. The three methods destr

in this section all propose the use of the RAD &giral to each approach.

8.3.1 Process Oriented Systems Design (POSD)

Experience in the modelling of large scale entegand distributed systems has shown that notasoich

as the RAD) suffer from abstraction issues in thatlels can become complex and convoluted (Henderson
and Pratten 1995). Changing environments leadskbaage in software systems that support the busines
process and such changes are often inadequatkegteef. A visual model known as the POSD diagram is

proposed to enable a business user interface (ifrmand Pratten 1995).

It is most likely that we would show only the tap#&l most abstract models to the business process
owner, reserving the more detailed (and demandiraels to our own technical uses (Henderson
and Pratten 1995).

In a POSDbehavioursare denoted by boxes, with touching boxes showirart relationships between those
behaviours (known as promises). Behaviours canigiimother behaviours (as sub-behaviours) or
overlapping other behaviours (although this mag liea“cluttered diagrams” (Henderson and Pratte95)0

A simple POSD can be used to create further altitrecby positioning behaviours appropriately in
accommodating change, reviewing improvements agititéding communication with Business Analysts
(Henderson and Pratten 1995).

The POSD can be used to represent an abstractiarR&D to hide the detail of the underlying procesd
simplify understanding. Phalp (2002) suggeststtiafPOSD notation can be act as an intermediateitpoe
in moving from an analysis RAD to a specificatiorelddase, enabling the discovery of Use Cases directly
from the analysis and grouping hared Behavioursf a RAD (Phalp 2002). The method involves creating
the base-level analysis RAD and a simple POSD reptagon of that RAD by abstracting away the dethil
the RAD and grouping role activity into POSD behav# where promises are formed from RAD
interactions. Additional viewpoints are then use@xpand upon the POSD by adding connections
representing those promises between behaviours @r@mining the interactions between roles) and
grouping related activities within roles (from examg the actions within and interactions betweales).
These connections and groupings are then bundigthter according to relevance, illustratBigared
Behaviourswhich are then matched to Use Cases (Phalp 2082)alternate viewpoints are suggested to
help guide the user to the Use Case from the RADIRQ02).
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8.3.2 SystemRAD

Another method that can be used to guide the vser &nalysis to specification and design is knowiha
SystemRAD. This method, yet to be formally descrjbgdimilar to the POSD method in that it propobes

transformation from a base-level analysis RAD infe@edural Use Case via the SystemRAD modification.

The SystemRAD extends the RAD notation by providirsinapleSystenrole mechanism to capture
behaviours that relate between the environmenttandystem being defined. This way, the system daiyn
is introduced to the RAD and all interactions antioas that might involve the system are includeshss the
Systenrole. The system boundary is an important conatd@r in the determination of requirements (as
detailed in Section 6.2) because it defines whezesbftware element is situated in the overallesysiThe
abstraction is a fine line between interactive hnmad software elements. By adding 8ystenrole, an

understanding of the system and how roles aretéodot with it can be made.

Once the initial analysis RAD is completed, itépresented in a system context via the SystemRAD
mechanism. Th8ystenrole can then be mapped directly to the Use Castersyboundary, with relevant Use
Cases being created from the behaviours includddnitite role and roles interacting with thestenrole
mapping to Use Case actors. Colour coding and nuntbleve been suggested to facilitate a visual

understanding of the elements mapped in the process

8.3.3 xXMDA Method

The xMDA method (detailed in Section 6.4 and Chapt@) suggests that a modified RAD can contain
enough information to move directly from analys$isotigh specification and into design by not focugsin

procedural descriptions for specification, therabgating the need to transform to Use Cases.

Strategic traceability is proposed to be accoufaethrough three modelling refinements, knowntees t
Environment RADtheShared RADand theMachine RAD These viewpoints mirror those described in
Jackson (1995), being descriptions that are trubeoPD, machine and of both. TBavironment RADs
concerned with taking observations and informaffom analysis and depicting them in a standard RAD,
focussing on the requirements and interactionsdbetir within a PD and are useful to specificatibime
Shared RADakes thé&environment RARs input and splits the private information spafceach role into
two, distinguishing specifically the requirementsl anteractions that occur within the environménose
that occur (or are required to occur) within thechiae, and those that occur between the two. BrHiecause
to “make the model work properly, so that it consaiiseful information about the domain, you alseehta
establish correspondences between the individodlei machine and the individuals in the domaiatk$on

1995). By focussing on the interactions betweenrenment and machine, interfaces between them can be
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identified and process problems resolved via furimalysis. The final refinement extracts all eammental
concern from th&hared RADgiving focus to only the behaviours that are¢ouw in the machine and the
interfaces required to the external environmenttardnvolved users; thdachine RADfacilitates the RAD

into design.

Designed specifically for the MDA, the method ird$ a mechanism to generate system level diagrams f
theMachine RADNnto UML Use Case, Activity and Class Diagramsegijjuired, associating the CIM with
the PIM of the MDA, which is a concern highlighted=ouad et al. (2009, 2011), Jeary et al. (2008).

8.4 Discussion

As previously noted, the objective of the analgsisducted in Appendix Il was to learn from the peid
experience of students in determining the issuésofé®e central in moving from analysis to spexfion and
design, and from exposure to the xXMDA method, &f tethod would be received as viable and accedsible
the students in consideration of those issues XMi2A method received considerable student suport i
both the attitude and the limited experience gaofetie method by the students, suggesting theatitd be
viable for practical consideration and addressgschacerns in moving from analysis to specificatioml
design. Insights resulting from the analysis cargdiwithin Appendix Il are considered in this seswtfor

discussion, specifically for the xMDA method.

8.4.1 Tool Support

Difficulties in moving from analysis to specificati and design were identified by the students;ghes
difficulties are compounded when the process israated. This is because the move from analysiss@d
has never been considered to be an automatic arstgon 2004; Kanyaru et al. 2008a); there areyman
unknown variables to be considered in the earlgest@f development and it is well documented thatre at
this level can be costly (Brooks 1975; Greenspaa. d1994; Kleppe et al. 2003; Sommerville 2004; 6TS
2003; Wiegers 2000). It is agreeable that somectsjpé the XMDA method could benefit if the logic
complexity could be hidden from the user. Therefarsemi-automatic approach would be considerdiaein

form of tool support.

It is thought that tool support could be implemehniteeither one, or combination of, the followingat ways.
Firstly, heuristics could be used to enable theraatic generation of templanvironmentShared and
MachineRADsand transformations for users to work on, whiclulddnclude an automatic traceability

mechanism to ensure that each specification viewtp®ikept in sync. Secondly, since “human intetigenis
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always needed” (Gustavson 2004), the tool couldaipeawizard mechanism that asks the user to verify how
the tool should treat particular elements of ingimgrams with all views being created as outpunftbe

wizard

This could of course lead to the introduction abes and ambiguities, away from the initial reqments
defined by the Business Analyst, since it will beieato make mistakes using tool support. Furtheemo
whilst tool support reduces the complexity of thetihod for the Business Analyst; an increase in cerifyl
and cost may be experienced in learning the toudswaethods; the opposite of which is the key meitiva
for a light-weight approach to specification. Adrate between the benefit of such an approach and th

relative complexity needs to be met, which sho@datronsideration for further research.

8.4.2 Enterprise and Distributed Processes

No academic or practical application of the xMDAthwal is currently available because the methoevg. n
Concern was raised about how the method might bieedp large scale business processes and systems,
which may involve many requirements. Such systemdilkely to involve requirements that are
interdependent in and between projects and theréfanay be difficult to resolve dependency issues.
Moreover, the management of large scale RADs coeilchlnise for concern. These issues are not petuliar
RADs; almost every modelling notation experiencés ithsome form, with some (such as the DFD) figdin

sufficient solution in nesting and levelling (CacR@i205).

The suitability of the method to large and disttémliprocesses could be addressed by the investigatti
such abstraction mechanisms. It is uncommon todmahdividual that has the complete view and
understanding of the process because of compléawkins 1998) and therefore, it may be impractioal
expect a single model to do the same. The curient ®f a process could be recorded in the RAD by
modelling different user or system roles direcllffat is, focussing on a particular part enables the
management of large and complex processes. Sirgaritommon in such a situation to find an indixat
that has a complete process view, it is plaushidé & process architect (or leader) would be abledus on
an entire process by examining individual usereqgss owners and stewards) (Bilodeau 2010) andabiail
system documentation. Abstraction can be used ‘desmribe systems in terms of hierarchies of thetirad
physical components” (Owen 2009a); a RAD can transfiirectly to a Context Diagram (Cox and Phalp
2003; Cox et al. 2005b), which would be perfectighlé for abstracting away from necessary detalich

an application.
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8.4.3 Design Architecture

As previously noted, stakeholders commonly beliénat they understand models in the same manner by
which the software developer does and much effaita@st is associated with becoming a skilled medel
and in aligning the paradigms of business and sofWCook 2004a), supported by Berrisford (2004))gha
and Shepperd (1994). Since the RAD notation has thesigned to model the business process, and not to
design a computer system, it might at first seeofigh to consider the application of a such modglli

technique to something that it clearly was notglesil to do.

Analysis and design models are views derived frifferént environments. As found in Chapter 2.0, ¢hisr

a real danger of confusing models of different emwinents and specifying a software system upon them
(Génova et al. 2005; Nuseibeh and Easterbrook 200@hapter 5.0, Use Cases were found to be less tha
adequate in retaining the richness contained withitess models; the RAD was found to be simplistic
enough to interface with stakeholders, yet richugoto detail a specification with less informatlmging lost
once the system boundary is accounted for asriiiest via the xXMDA method in Section 6.4 and Chapter
7.0. Itis argued that the application of the xMDwthod enables the real-world structure to bemethi
forcing the user to consider alternate views ortifigation, thereby maintaining alignment via agie

notation. This is challenging to imagine, but mopossible.

Computers systems are no longer data-centric enétid requirements are being placed on software
engineers to produce systems which mimic humaredrbehaviours, such as contract negotiations by web

services (see WS-Policyaww.w3.0rg/Submission/WS-Policy/lt is therefore suggested to be appropriate to

expect software systems to able to reflect the debaof business process roles and interactidres; t

challenge being to account for all of this, whdstommodating architectures of the software process

8.4.4 Object Orientation

Once produced, it is argued that the output okiM®A method could be applied as specification t® th
design phase of any chosen software architectsieg @ny platform technology. The method has sbéan
verified using object oriented techniques.

In Section 6.4 and Chapter 7.0, the XMDA method reteted to the MDA approach to software
development, as defined by the OMG (2003b), witlreav to better connecting business problems to IT
solutions (Jeary et al. 2008). Transformation aladfé*m Information in the form of rules were dex@/to
facilitate the generation of UML Use Case, Activatiyd Class models with promising results. The difficu
of applying the RAD to the MDA is that it was newatended to describe software; hence the need for

Transformation and Platform Information to enable RAD to be described in a design language. In this
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case, analysis of metamodels for both the RAD aedJ¥L provided a set of guiding rules to facilitdite

transformation of models.

Whilst able to adequately account for the objeirded paradigm, it is suspected that other apphemmight
better account for structured techniques. The xMB&thod was designed specifically with the view to
output object oriented UML within the MDA frameworany students considered that choice of method
might be dependent on project and the involvedisot processes, or that a combination of techniqugbt
better facilitate the maintenance of alignmentamsformation since they can provide alternate pnts.
Therefore, further investigations are requiredxaneine the applicability of the method to procediaral
combined solutions if it is to be applied in thaammer. This is important in assessing the flexipiif the
method in combination with others, and discoverifgether it is really feasible to suggest a methfod o
specification that discounts Use Cases.

8.5 Summary

From the analysis conducted in Appendix Il andrtdated discussion presented in this chapter cieiar that
there are a number of difficulties in moving fromadysis to specification which are reflected in themes
identified in consideration of the evidence; suifialiities are compounded in consideration of amgve

that might involve automatic transformations.

It was found that the students considered that oastlind applied notations need to be both simmlagn
that stakeholders may understand and verify tliatirements are being addressed through the develapm
process, and rich enough that detail is not lostainsformation, thereby providing for an approeri@vel of
business/IT alignment. The RAD is rich with staéséd information and accommodates a sufficient
description of behavioural dependencies; withoudlification, the Use Case does not. Therefore, the RAD
suggested to be a perfect candidate for modellinggsses in analysis. The Use Case on the otheridand
found to be less than adequate in describing thet tff detail to ensure alignment; other technigares
required to capture rigorous process detail beforeing to Use Cases and even then, much of thid deta

could be eventually lost.

The focus of results found and observations madgpendix Il was clearly on the POSD and the xMDA
methods. This could either have been because they best demonstrated, most useful or simplistic
approaches. The RAD neglects the system boundaghwias found to be an important consideration in
selecting an appropriate method to move from aistpgsdesign, since specification is about therfate
between them. Only two methods make a real consatfart to apply this notion to the RAD, the
SystemRAD and the xMDA method. Of these, the dematest use of the SystemRAD focussed on deriving
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a Use Case from the RAD and the xMDA method focussetthe development of specification via the RAD;
both approaches lack practical application and eepee. Complex relationships in requirements dedini

are important and it is vital that these relatiopstare carried through specification; it was fotimak there is

a lack of richness supported in Use Case speciitsitind approaches such as the xMDA method could

discount them due to the thoroughness of the tgcleni

A challenge was presented in that it is difficolthove from a process model (such as a RAD) to eepral
specification (such as a Use Case) or an object hodesign whilst maintaining the alignment betwee
models. This is suggested to be alleviated by ppéiGation of the discussed methods. Much attentias
placed on the xMDA method and considerable sudpam the students was received in comparison with
other available technigues. This could suggesttlieakMDA method is viable in making the transitioom
analysis to design and also addresses the keydswatons, such as being accessible to stakehpldelse
process. The approach is current and focussedeoRAID, thereby facilitating analysis and specifioatinto
design via a single notation. With the applicatidra number of steps, the user is forced into aBr8ig
viewpoints and making decisions about specificatidns also ensures that information is not lost an
remains aligned with business ideals since spatidin is based directly on the analysis RAD and
mechanisms are included to complete the move tigriasis built for the derivation of system mosgel

enabling the interoperability with MDD.

However, a high percentage of students placed i@t in solutions being derived by the applicatod
approaches in combination, according to projectfondess. This is perhaps the accepted realitg shere
is unlikely to be ane size fits albolution (Jackson and Zave 1993). This is supdartdackson (1995)
where it is highlighted that there is “a big tentjua to believe that you can describe the applicatiomain
and the machine all together, in one combined gesmr... But if you only make one description, you'll
surely be tempted to put things into it that désonly the machine, and to leave out things thatidbe
only the application domain” (Jackson 1995). Alegenmodelling methods can offer alternate viewsnfro

alternate domains, thereby facilitating a more cletepsolution.

As previously mentioned, the findings made heresatgective in nature and therefore the credibdityhe
research is reliant on the appreciation of thei@petors’ perspective in an academic setting; ihdhe scope
of the research is limited to those involved aratdfore, so is the credibility. A large consideyatfor all
methods described was the lack of practical apjidicaTherefore, finding the XMDA method to be Jiab
and accessible from the analysis of student fedqlblaere is a requirement to extend this researttha

commercial setting, to which Chapter 9.0 is directed
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#$ 6

3 (# #89

In Chapter 8.0, ideas relating to the method preskint Chapter 7.0 were verified in an academicrsgtti
demonstrating that the method is both learnable agplicable in moving from analysis to design. ldoer,
since the investigation focussed on individual pptions, there was a vital need to ascertain ifribéhod
could also be practical in industry. Thereforegcadmplete the achievement of aim 4, the commercikdiity
of the described extension to the MDA frameworkeguired to be assessed. Since there is a lack of a
sufficient enterprise level test environment, tMDA method has been applied in a commercial cassyst
with a view of discovering whether the specificatimethod is really feasible for application to coenaial
processes. In Chapter 8.0, tool support was alsaiftmbe a questionable area to which this chapads to
address by applying the transformation rules oxtM®A method to the QVT, a specification definedlan
supported by the OMG for transformations within iBA, and then using the derived QVT definitionsain
tool developed in part of the VIDE initiative (VIDED09) to demonstrate how system models might be
generated by xMDA application.

9.1 Commercial Application

The Club at Meyrick Park, Bournemouth, Dorset, isstohic golf course dating back to 1894. Nowadays,
facilities that extend the golf course and clubleomslude the health and fithess gym, aerobicshiol& spin
classes, swimming pool, sauna & steam rooms, sds, reatments, café & bar, club shop and
accommodation athe LodgeFocussing oMembership Salegart of this research was to produce a
complete set of process models for internal trgimind documentation purposes, using the RAD notation
These models were agreed to then be used to ¥eefgpplication of the xXMDA method to demonstrate
whether or not the method was practical in consititen of real business processes; the results imodssion

of which are presented in this section.

Several elicitation meetings with the Membershimistger of The Club at Meyrick Park resulted in altota
eight process models being created to represesettireMembership Salegrocess. These process models
were initially employed internally by the Membernsianager to train new starters. On introductibe, t
Membership Manager advised that the models werplsito use and easy to understand, being “very

helpful” in outlining the business processes to séarters. Beyond this initial training applicatioine
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process models were found to be useful for the stavters, acting as a checklist to be referredierw
uncertain about how certain parts of the processght to proceed. The models created as part®f thi
research are currently active within the organiseind are given in Appendix Ill, along with a suamgnof
discussions relating to the application of thosess models within the organisation with the Mersifip
Manager, who was directly involved with the oridie#icitation process in creating the process me i
the completédlembership Salegrocess. It is important to note that some intérgaoles are not given in the
original process models at the request of the austpsince some relationships were deemed obviodishe
visualisation of those relationships was found@aibnecessary. Therefore, the models containedhwith
Appendix Il are considered to beSales Advisoview of the complete process, illustrating howtedagion
can be facilitated via the RAD. However, since iatging roles are vital to the xXMDA method; the catgly
of this chapter includes the interacting roles aglated by the customer. For clarity, and to tHate how the
application of the xMDA method can facilitate abstion by concentrating on the smaller parts of the
complete enterprise process, focus here is giveneoof those process models. The process modehwhi
will remain the focus of the rest of this chapgethieFollow Up Call Process Model (05/00dhich was

selected as the most complex of those availabidesd demonstrate the method in practice.

TheFollow Up Call Process Model (05/00#)volves the situation whereSales Advisois required to
follow up on a potential member (or prospect) with view to attaining membership to the club. Teiggl

by the need to follow up a prospect, the modesitates that for each prospect to be followed up stles
advisor must first check to see if the prospecttails have been retained Brightlime (an existing prospect
database). If the prospect details are not preaam@w record is created. Once the details ekistsales
advisor is in the position to contact the potertlant. Upon making contact, one of four routes ba taken.
The prospect could be signed up as a member $tiostéred for in an alternate process model - 33/@h
appointment or a retour can be arranged for thegerct to visit the club (process model 05/002), an
additional follow up call could be required, in whicase the same process is followed (illustrayea b
looping line state), or the sales advisor may klogvprospect out, by sending a letter and upddtiag

prospect database.

This chapter continues by taking thellow Up Call Process Model (05/004nhd applying the xXMDA

method as discussed in Chapter 7.0.

But a method, to be worthy of the name, must at desompose the development task into a
number of reasonably well-defined steps which teetbper can take with some confidence that

they are leading to a satisfactory solution (Jacks@82).

To recap, the steps of the xMDA method, detailedlilinstrated in Section 6.4 and Chapter 7.0, are as

follows:
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DefineEnvironment RADrom analysis
Derive Shared RADo examine shared phenomena
De-couple environment concerns to crddechine RAD.

CompleteClass Discoveryia Tri-Stepanalysis (optional).

o 0Nk

Apply Transformation and Platform Information teate UML representations.
5.1 Use Case Diagram.

5.2 Activity Diagram.

5.3 Class Diagram.

The first three parts of this method involves mgvirom analysis through specification by focussipgn
phenomena relating to the environment, that wrscthared between the environment and the machide, a
that of the machine via a series of RAD based miodarnations. The first being tlivironment RAD
which represents the process in an environmentdegg regardless of machine use; the second beég
Shared RADwhich highlights the boundary between the envitent process and the machine use; and
lastly, theMachine RADwhich captures only those mechanisms of the goexjuired to be implemented

by the machine.

9.1.1 Environment RAD

As previously mentioned, the point of tBavironment RADs to capture the process model in terms of the
environment to which it is subjected. TEavironment RApresumes that a degree of analysis and elicitation
has already taken place (in order to create thggnatli process model from which tE@vironment RADs

created). Th&nvironment RADor theFollow Up Callprocesss given in figure 9.1.1.1.
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Note: Enlarged version appears in Appendix 1V, 4-1.

figure 9.1.1.1, Environment RAD for the Follow Up Call process.

As can be seen in figure 9.1.1.1, #alow Up Call Process Model (05/004as been elucidated by the
inclusion of theCustomerandBrightlime as roles to capture the opposing sides of interscivith theSales
Advisorrole. Further to this, along with customer elitda, theCheck if on Brightliméndependent activity
of theFollow Up Call Process Model (05/004)as found to actually represent an interactiombenh the
Sales AdvisoandBrightlimeroles; this illustrates how the inclusion of atisting roles in a RAD can help to

tease out important process semantics.

9.1.2 Shared RAD

Once the environment view has been captured iR&i®, it can be used to distinguish a phenomenon hwhic
exists, or should exist only on the machine. Tharegch for completing this involves interrogatiragke
process element and making a manual, pragmatisidadiased on available information as to whethehs
element exists in the environment of the real-wastdwhether it ought to be represented by the imaci he

Shared RADor theFollow Up Callprocesss given in figure 9.1.2.1.
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Note: Enlarged version appears in Appendix IV, figurg.4-

figure 9.1.2.1, Shared RAD for the Follow Up Call process.

The Shared RADorces the user to shift the focus from the pre@esl operating environment to question
relationships that exist between the environmedtraachine, and where necessary, making significant
adjustments to the model. In figure 9.1.2.1, ttlesar that only certain activities and roles aguieed to be
supported by the system that is to be developedeXample, th&low Out Lettelis sent by th&ales Advisor
to theCustomer If this was avlachine-to-Machineelationship, further interrogation may reveatl ttids
communication is via e-mail. However, the relatiipsthat exists is one dflachine-to-Environmer(or
Environment-to-Machinedepending on perspective) which is most intemgstiecause further analysis can
reveal how the process might move from the mactuinibe environment and exactly what is requirethef
machine for specification; as it stands, @westomerrole has no explicit relationship with the machamel
therefore more is to be discover&shvironment-to-Environmemelationships, whilst interesting from a
process management and engineering perspective, sempurpose in this part of the xMDA method since
they should have already been addressed in analyditheEnvironment RADHowever, interrogation of
these relationships can reveal significant proflesss that require addressing before moving tontévet

stage, iterating back to previous activity.
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9.1.3 Machine RAD

In the previous section, ttf&hared RADevealed interesting relationships between théremment and

machine elements in the role context. Mechine RADs directed at focussing purely on the part of the
process that resides with the machine. That isfitlaéstage of specification, directed at compigta picture
of what is required of the machine by the roleolwed. TheMachine RADfor theFollow Up Callprocesss

given in figure 9.1.3.1.

; Printer \/1 ; Sales \/2 ;, Brightlime v
/ 7 Tachine \ T Machine (’ 7 Tachine \
MNeed to check prospect
For each prospect
to be checked
THE LS T ;
Check if on I 1
Brightlime
Check
Prospect
Response Database
I Send
T response
Need to upload
prospect onto Brightlime
For each need
Upload prospect New Prospact I
onta Brightlime T
Upload to
Prospect
Database
Meed 1o Blow
Out prospect
For each need
Ready to print Create Blow
Out Letter
Print Request ] F77) Send Print
7 Request
Print Blow Out
Letter Update Brigl Update ‘l
I—J Update
Prospect
Database
b Props:
Prospect
\ / \Patabase o

Note: Enlarged version appears in Appendix 1V, figurg.4-

figure 9.1.3.1, Machine RAD for the Follow Up Call process.

Here, further elicitation has been conducted toalisr the true nature of the relationships highégh

between the environment and machine byShared RADIn the previous section, it was noted that the
Customerrole had no interaction with the machine in theepion of theBlow Out Letter In much the same
way as was discussed in the illustrative case sgisn in Chapter 7.0, further elicitation foundttttas

letter is actually created and printed by S&es Advisqrand is then sent by ti8ales Advisovia standard

mail in the operating environment. That is to shg, relationship betwegbustomerandSales Advisowas in

fact Environment-to-Environmeniith the discovery of another rolerinter, which is used to facilitate the
printing of theBlow Out Lettercreated by th8ales Advisorlt is agreed that an experienced Systems Analyst

may have spotted such an adjustment without usiagMDA method; the point being, that the method
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forces the user into making such considerationraimiimises the risk of overlooking important issuekjch
the MDA does not address. Other significant adjesiis designed to disassociate the machine from the
environment include the use of triggers to enfautes on active state which can be used to ingtigat

particular part of the process, should that regustate be reached.

At this point, roles may be renamed to represeggreeric, or more useful, terminology that may hgreater
application for the design phase. For examptdes Advisohas been changed $ales reflecting the
associated department rather than individual fiie.Printer could have been labelled as Bales Printer
Although, since more than oisales Printemight materialise in the overall process, to beevgpecific, it
could be helpful to use the printer name or resmaddress. However, this is down to the visiorhef t
modeller and point of application rather than auregnent of the method; for clarity hefxinter will
suffice. ThisMachine RADhas also been annotated with further informatibictvwill be discussed in the
subsequent section.

9.1.4 Tri-Step Analysis

Once theMachine RADhas been created, it can be used to discoverdatediesign classes of classically
object orientedEntity, InterfaceandControl types. This is defined by tHe&i-Stepanalysis of thélachine
RAD, which was created as part of this research ascritbed in Section 7.5. Here, tha-Stepanalysis for
class discovery has been applied toMaehine RADgiven in figure 9.1.3.1, results of which are esganted
by annotations upon thdachine RADand in the following table using the syntax pr@ddn Cox and Phalp
(2003), Cox et al. (2005b).
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Relationship

Description

Class Name

Type

Check if on Brightlime

SAHcheck if on Brightlime}

feck Request

<<entity>>

Sales <<control>>
Brightlime <<entity>>
Sales / Brightlime <<interface>>
Send Response BR{send response} Response <<entity>>|
Brightlime <<control>>
Sales <<entity>>

Brightlime/Sales

<<interface>>

Upload Prospect

SAHupload prospect]

New Prospect

ntitye>>

Sales

<<control>>

Brightlime

<<entity>>

Sales / Brightlime

<<interface>>

Print Blow Out Letter SAHprint blow out letter } it Request <<entity>>
Sales <<control>>
Printer <<entity>>

Sales / Printer

<<interface>>

Update Brightlime SANupdate Brightlime] Update <<ipyw>
Sales <<control>>
Brightlime <<entity>>
Sales / Brightlime <<interface>>
Brightlime to Prospect Database =~ BR!{access} Prospetalizae <<entity>>
Brightlime to Prospect Database =~ BR!{access} Prospetalizae <<control>>
Brightlime to Prospect Database =~ BR!{access} Prospetalizae <<interface>>
Printer to Machine PR!{access} PrinterGUI <<interfaee
Sales to Machine SAl{access} SalesGUI <<interface>
Brightlime to Machine BR{access} BrightlimeGUI <<inface>>

table 9.1.4.1, potential design classes derived from a Tri-Steqlysis of the Machine RAD for the Follow
Up Call process.

From analysing thlachine RADn terms ofEntity, InterfaceandControl, potential design classes have
been uncovered. For example, from examiningMlaehine-to-Machineelationship oPrint Blow Out Letter
between th&alesandPrinter roles, adata-interactionreveals thérint Reques{Print Request <<entity>>)
class. This is illustrated in figure 9.1.3.1 witlUML Class sitting on the interaction line. Candidatierface
classes are denoted by the / symbol in figure 9.1a8d were discovered by looking at the connection
between the roles in three ways. Firstly, the cotioe between the role and the machine provideghiyeal
user interfaces for the roles to access, ®alpsGUI(SalesGUI <<interface>>). Secondly, the connection
between the roles and any props they access reMiatBrightlimeis, or may be required, to interface with
theProspect Databasprop Prospect Database<interface>>). Thirdly, the connection betweee tbles
themselves revealed that interacting roles maykiedylto be required to interface via some commadimm,

for example th&alesclass maybe be required to go through some ieiales / Brightlime
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<<interface>>) to connect to tiBxightlime system (which may be on an alternate platformyc&aTri-Step
analysis considers all relationships, it is posstblalso distinguish further information about tlection of
control in such relationships. For example, by examy the interactiofPrint Blow Out Letterthe Salesrole

can be seen to drive the interaction and manageatimenunication between tt8ales / Printex<interface>>
and thePrinter <<entity>> via the notation, and thus, tBales<<control>> class is discovered; this is shown
graphically in figure 9.1.3.1 by the standard RADRation for identifying driving roles in interactisr{(square
box with right-sided upwards diagonal shading).pfeviously noted, each individual role is respolesfbr

controlling any internal logic flow; external coatiis a concern is beyond the context of the maehin

9.1.5 Transformation and Platform Information

The benefit of what has been discovered so fdraisd specification has been developed from madgthie
business process in terms of the business usdairgaage that they can understand and validais.ih
suggested to help ensure business involvemenfimine software systems to suit the business n€kd.
next part of the xXMDA method involves taking Trasrshation and Platform Information and applyingpit t
theMachine RADo output models useful in design (PIM), and tachithe potential design classes
discovered from th@&ri-Stepanalysis complement. In this case, Transformadimh Platform Information in
the form of the transformation rules (introduced®grction 7.6.3) which support tBémpleRADand
SimpleUMLmetamodels have been applied to create Use CaseityAand Class diagrams from the
Machine RADthat resulted in Section 9.1.3.

9.1.5.1 Use Case Diagram

As noted previously in Section 7.6.3, tdachine RADreplaces the need to move to a Use Case
specification. However, transformation is suppospdcifically for users wishing to augment docuratah
with the definition, alleviating concern raisedGhapter 8.0 of defining a method that does not paate
the Use Case and demonstrating the flexibility efxMDA framework. Rather than taking each rule and
creating a literal translation of the RAD into thtU Use Case, interactive mechanisms of the methed ar
invoked to best demonstrate how the user mightémite the transition from the RAD to the UML in the
construction of the UML Use Case Diagram. The Usee@iagram for thé-ollow Up Callprocesss given
in figure 9.1.5.1.1.
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figure 9.1.5.1.1, UML Use Case Diagram for the Follow Up Call processchiae RAD.

As can be seen in figure 9.1.5.1.1, roles havestased directly into actors and relationships wite Cases
associated with those actors, triggers and reicatirectly into notes, with three central Use Gaseing
identified, that oBlow Out ProspectUpload ProspecandCheck ProspeciThese Use Cases have been
influenced directly by the rule that makes thewa#lace for a chunk of activity defining a single Zase.
For exampleBlow Out Prospectould have been described by directly mapping maos more detailed,
Use Cases includinGreate Blow Out LetteiSend Print Requedtpdate Brightlimenvolving theincludeor
extendrelationships between the Use Cases and thosigetattheSalesandBrightlime actors.

Relationships that are defined relate to a coupirgl RAD interactions involved in the particulas& Case.

A degree of freedom is useful in translating frdra RAD to the UML Use Case. Some rules, such as
recording the number of role instanceg within the Use Case were discarded by choice rstivere not

experienced (for example, those relating to refiaets). Such freedom may lead to error prone spatidins
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and therefore it could be possible to hard-codedlales into a software application that could glete the
transformation without user intervention; howevtis important that the benefit of user involvernensuch

model generation is not lost, since the beauthe$e diagrams is in the facilitation of such intdom.

9.1.5.2 Activity Diagram

As identified in the previous section, there appaatbe three central chunks of activity pertairtmghe
Follow Up Callprocess. When transforming into the UML Activitydgram from the RAD, a note is put in
the rule relating to the undefined element, diregthe user to check the context of applicatiom;esithe
transformation may involve an alternate ActivityaDiam. Because the RAD in question utilises such
undefined elements to describ@nging threadsthe sequential flow of activity is impossiblederive for the
complete process. This is because, as discuss&lbipter 5.1.1.8, the nature of the RAD permits p®ces
definition with a closer alignment to the realitfjtbe business context; i.e. non-sequential. Theig&aCheck
Prospectis not immediately required to be followed Upload Prospector Blow Out ProspectThe three
Use Cases are autonomous, and can be used alaneomnbination with others, provided the identifstdte
is reached. Therefore, three Activity Diagramsraaiired to capture tHeollow Up Callprocess and are

demonstrated in the subsequent sections.

9.1.5.2.1 Check Prospect

Figure 9.1.5.2.1.1 illustrates how tB&eck Prospegpart of theFollow Up Callprocess might translate from
theMachine RADNto the notation of the UML Activity Diagram vtae application of the transformation

rules provided.
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figure 9.1.5.2.1.1, UML Activity Diagram for the Check Prospect partlo¢ Follow Up Call process
Machine RAD.
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As can be seen, RAD roles have directly translatamActivity Diagram partitions that contain thewl of
activity relating to those roles; independent at&s have formed activities; triggers and propsenformed
notes to guide the understanding of the procepfication has formed a decision diamond with a duard
transition loop, causing further activity to beended via the synchronisation bar (until all atyi¥or each
loop is completed). This is important part thatagptured by the xXMDA because it allows Beesmembers
to continue facilitating additional requests whtls process continues (as would occur in realig).further
discussion on this, please refer to section 9.B835&art and stop points are mandatory for thévigt
Diagram notation and positioning ought to be defibg the user. However, they can also be definetthéy
Transformation and Platform Information. Here, ket point is defined by the trigger in the RAD dhe
stop point is defined from evaluating the undefietgment at the end of tigheck Prospeqpart of the
Machine RAD

It is important to remember that although the RADBésoming sequenced to some degree via the
transformation, it is not completed without theoimhed advice of the user and attempts are madéritorm
the state based transitions confined within the RADther elicitation may also be required to fillsome
gaps should the transformation be short of infoimmat-or example, the activifteceive Request not
explicit in theMachine RADand therefore, the involvementBffightlimein the interaction involving the

relationship ofCheck if on Brightlimevas until now unknown.

9.1.5.2.2 Upload Prospect

The next Activity Diagram has been generated froenapplication of Transformation and Platform
Information to thdJpload Prospecpart of theFollow Up Callprocess and is given in figure 9.1.5.2.2.1

below.
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figure 9.1.5.2.2.1, UML Activity Diagram for the Upload Prospect paifttbe Follow Up Call process
Machine RAD.
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As with the previous discussion, the applicatiopligs rules that transform tiachine RADnto the UML
Activity Diagram. Again, the start node is definggthe trigger node and the stop node by evaludtiag
undefined node that ends tbeload Prospecpart of the process.

9.1.5.2.3 Blow Out Prospect

The final Activity Diagram defined to illustratedifrollow Up Callprocess is related to tiow Out
Prospectpart of theMachine RADand is given below in figure 9.1.5.2.3.1.

177 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

Sales

THE CLUB

AT HEVIROK Pk

[further need]

Create Blow Send Print
Qut Letter Request

{need to
blow out
prospect}
Printer
Print Blow
Out Letter
Brightlime

Receive
Update

Update
Prospect
Database

{prospect
database
exists}

figure 9.1.5.2.3.1, UML Activity Diagram for the Blow Out Prospect paftthe Follow Up Call process
Machine RAD.
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As can be seen in figure 9.1.5.2.3.1, this Actiipgram is more elaborate and contains threetjpeusi As
with the example of figure 9.1.5.2.1.1, the decisiiamond is inserted here to extend the activithe
partition to allowSalesmembers to continue facilitating additional redaeghilst the process continues,
which mirrors the reality of the situation. Becao$¢he nature of this process, and the relationshibe
Platform Information, synchronisation bars are megito ensure the process does not terminatehaottil the
Print Requesis handled by therinter, and theUpdateis handled byBrightlime. It is important to note that
this application is of direct reflection of the RADansformation Information which describes thathwi
relation to looping, line and descriptor statesewkhere is a split of activity flow, a synchroniea bar
should be added. This is due to the knowledgeepthtform, i.e. the UML Activity Diagram.

The application of some rules, such as those ivglkefinements (although they follow a similar étion as
applying the decision diamond and guard, or thelssonisation bar), are not demonstrated here sivee
were not required by the case in question, butatailed in Chapter 7.0. Other rules have beenghsded at
will, in accordance with the transformation rulEsr example, it was not deemed necessary to rafrese
(showing the number of available instances of eamtivity partition via notes) on the Activity Diagns.
Such a rule could be hard-coded or representedissralefinable choice within a software implemgoitg

if required.

9.1.5.3 Class Diagram

Perhaps the most powerful of diagrams to be gesgfat use within the MDA would be the UML Class
Diagram representation of tivachine RADIn figure 9.1.5.3.1, the Class Diagram generé&ethe Follow
Up Call process is given.
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-updates 1.0 1
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Note: Enlarged version appears in Appendix IV, figuré.4-

figure 9.1.5.3.1, UML Class Diagram for the Follow Up Call process MaahiRAD.

As shown in figure 9.1.5.3.1, the application af thansformation rules has generated a Class Diagiim
five individual classes, three of them relatingafieally to the roles involved in thelachine RADThe
remaining twoPrint RequesandProspect Databaskave been derived from examining tbeeate Blow Out
Letterindependent activity androspect Databasprop, where data objects are considered to beettear to
previously already exist, within the process. Al@r independent activities and interactions aesformed
into operations of the class generated from thewathin which the independent activities or intgians
exist. Attributes account for the descriptor statetheMachine RAD such as thesady to print: bool
attribute belonging to therinter. Other attributes are derived from triggers arglicated activities that exist
within the role from which a class has been geeedrad contain such attributes in order that thdgeots
retain the notion of state and can reflect uponitifarmation in enabling or disabling such operas at
design-time. This notion of containment is also destrative of how such a method may carry idealsfr
the real-world and the RAD into design, in that eabfect retains such information which is not visito
other objects. Relationships between classes arerdmainly from interacting roles, which are emisaikd
with names that reflect the association (for exanieSalesmember checkBrightlime). Multiplicity can

be derived from the that is associated with each role (for exampleesonly one instance Bfinter is

defined on thé/lachine RAD only one instance may ever exist on the Clasgiam, and therefore
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multiplicity is one). Aggregation is said to exihen role interactions are exclusive only to orfeptole.
For example, sinc8alesis the only entity to interact with tHerinter, it is said to be an aggregateSs#Hles
Further classes could be added by examining th&tepanalysis conducted in 9.1.4, but rather this is

considered to be a design-time benefit.

As with previous examples, some rules were not destnated in the construction of the Class Diagram a
they were not required for the case study (for gdanrole instantiation nodes would generate nessss,
associations and operations in much the same whgsaslready described). Other rules were deemed
unnecessary, such as the enforcement of an aéribuepresent the RAD stop node. Of course, a aoftw

implementation would be required to account for amgh rule refinement or enforcement.

9.1.6 Discussion

So far, the commercial application of the xMDA nwdhas been described via manual application to the
commercial case study. Whilst this is useful invging that the xMDA method can accommodate business
processes, it is only half of the story. The ainthef xMDA method is to both support the xXMDA franwk
and provide a better method for defining requiretsi@amd specification within practical applicatianthe
MDA. In this section, discussion relating to themaal application of the xMDA method is given and
evidence drawn upon to reveal what this method werem which was not already known before applicatio

and that which may not have been uncovered by ath@roaches.

The xMDA method suggests the starting point to BA® process model, output from analysis. Sinceithis
the case, a degree of elicitation took place iating theFollow Up Call Process Model (05/004his
involved defining the RAD and iterating with the tuser where necessary to ensure that the model
represented the required process behaviour. Threrefee method ensures a starting point from whielny
initial requirements and process flaws are alremttyressed. This shows that the business user eguatély
define, and perhaps more importantly, verify preagsfinitions using the method.

During the creation and evaluation of taevironment RADinteractions revealed that the process involved
CustomerandBrightlimeroles. These roles were not explicitly shown anthstomer creatdebllow Up

Call Process Model (05/004YVith the inclusion of those roles in teavironment RADa process level error
was revealed in that one independent activity efShles Advisoactually represented an interaction with the
Brightlimerole. This demonstrates the strength of usindRAB and the purpose of the inclusion of
interactions and roles. Since the xMDA method psgsahe RAD with role discovery in capturing

interactions, these errors and business procesemare reduced at an early stage.
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TheShared RADwvas found to be important in establishing shafeehpmena for investigation. It is here
where process activities are first considered teither related to the environment or the machatiewing
the customer to redefine the process accordingllyekample, all relationships involving tReistomerole
were found to be in thEnvironment Therefore, it is immediately obvious that thestomemplays a limited
role in defining the machine. However, since orteraction Eend Blow Out Lettgmwas found to be
Environment-to-Machingfurther consideration was required to discoveatsxactly this interaction
involved. It is not so much that other methods rhight make such a consideration; the xMDA method
explicitly guides the user into considering relatbips in terms of domain (environment, shared achine),
and making decisions regarding them - hence, tip@itance of specification is highlighted within the
technique. The method progressively moves spetiditaloser to the machine and in the final RAD
incarnation, thélachine RAD machine elements were interrogated with a viedefining only those
activities required of the machine. As previoushcdssed, closer examination of taevironment-to-
Machineinteraction between thHgales AdvisoandCustomemvas required. This revealed a relationship that
actually represented one Bivironment-to-Environmentyhere theSales Advisowould post a printed letter
directly to the customer; thus the discovery otavmole Printer) and aMachine-to-Machineelationship
between it and th8ales AdvisarAgain, because the method explicitly requiresititerrogation of
relationships betwedBnvironmenandMachinedomains, and the redefinition of the specificafioithe
Machine RADIt is suggested to be a better way of definingcffication and ensuring requirements are

accounted for within it.

Since theMachine RADrepresents the domain of the machine, it is sugdés be able to connect directly to
design. That is, design classes can be derivedefagnstrated by thEri-Stepanalysis conducted in Section
9.1.4) and models native to software developmemteagenerated (as demonstrated in Section 9ThE).
process is unique to the xMDA method and suggesteenefit the software designer, and the MDA hiat t
the output specification is in a language thawisanly common to the designer (the UML) but alsotable

to software application for use in design in theecthat such models could be automatically gerctratea
software solution. The flexibility of the xXMDA fragwork is also demonstrated in producing models of

alternative model types as output.

It is considered that, not only is the xMDA methaggplicable to commercial processes, it is alsossibke to
the business user, incorporating specificationnimethod designed specifically to output models wisef
MDA designers, which supports the findings of Chepté, where the xXMDA method was received
positively in the context of other available teau@s. Previous chapters have already highlightztckite
CIM has no clear constitution, nor does it providg aexplicit mechanism to support specificatioris|t
therefore suggested in consideration of the finglimgde so far from the commercial application idetl
within this section that the xMDA method supportsedter application to embedding a requirements
definition within the CIM. The method is rich enoughdescribe real commercial processes and fohees t
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discovery of potential issues for resolution, réeglin a specification output that can interfadgéwthe
MDA. It is clear that, even in the examples thatehbeen discussed, there could be real benefadifying
these rules in a way that demonstrates how rigaradshow applicable the method is to the MDA. T
the next obvious step to which the remainder &f thiapter draws attention to is to discover ifXREDA
method is supportive in terms of MDA tools and tegnes. The Class Diagram created in figure 9.115.3.
will form the basis of further analysis to looktaeé codification and representation of the Tramsfition and
Platform Information within a software context terdonstrate the potential of the xMDA framework and
method to the MDA.

9.2 QVT Application

In order that the xMDA method be verified beyond thanual application to the commercial case study
provided in Section 9.1, this section draws up@ntthnsformation rules defined in table 7.6.2.1(sepeated
in table 9.2.1 for reference) to define transfoiioratelations by applying techniques of the MDA .akg
since the class diagram is considered the mostiluB8¥l level diagram for code generation within t1®A
(OMG 2003b), and to follow on from previous findg)dhe class diagram has been deliberately selémted

the focus of the evaluation in this section.

RAD UML Class Diagram
Role Class
Independent Activity Operation; Class & Associatib@bject results from Activity

Looping, Line and Descriptor States  Attribute (oapplicable for Descriptor States)

Case Refinement (Alternatives) Attribute
Part Refinement (Concurrency) Attribute; Compositiiorefinement objects are descendent from rasyibbject
Interaction Association; Operations in Role Clasgggregation if Role interactions are

exclusive to only a single Role

Role Instantiation Role Class; Operation in Solrote Class; and Association

Trigger Attribute

Replication Count attribute

Undefined Check context; May define alternate CRisgrram
Multiplicity

Prop Class; Association with Role Class

Stop Attribute in originating Role Class

Note Note

table 9.2.1, initial transformation rules to map from the RADttee UML Class Diagram.

As noted in Section 7.6.1, the standard for adrt@riirsg MDA transformations is the QVT (Bureck 2064;
2007; Giandini et al. 2009; Kusel et al. 2009). VT requirement for a transformation definitiomdmage
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was for one that is declarative (Ignjatovic 200@)ere are two declarative sub-languages defindaeiQVT
specification (Bureck 2009; Dan 2010; FT 2007; Gianet al. 2009; Kusel et al. 2009; OMG 2008b). ¥he
are theRelationsandCore The Cordanguage complements the Relations language arsgdsta describe
“the operational semantics of the QVT Relations lege” (Kusel et al. 2009) at a low level, suppotigd
FT (2007). Focus here is therefore given to thdadative Relations language (QVT-R), which is providie
the specification defined by the OMG (2008b) anskcdiged as the “end-user view of QVT” (Ignjatovic
2006), where rules can be defined to relate metaireddments to each other at a higher level.rbisthe
intention of this demonstration to deliver the exte® which QVT might be used to model these
transformation rules, or the extent of the languitggf; only that an implementation of these rulesQVT

is possible.

In Appendix V, a complete examination of each tfamsation rule is provided in the context of the QR
language, with examples being defined in both geapland textual QVT-R forms as described by the OMG
(2008b) and discussion being presented where reagedhis chapter focuses only on those rulesahat
extended upon in Section 9.3, for clarity of untirding with the objective of providing a QVT défian

and eventual software implementation directed haiening the user experience. They &ele2Class (r, ¢)

IndependentActivity20peration (ia,;dhteraction2Operation (i, Q)JandProp2Class (p, ¢)

9.2.1 Transformation Declaration

A transformation declaration in QVT-R is given iretfollowing textual form (this example defines a
transformation from a RAD model to a UML model, canmfiing to theSimpleRADandSimpleUML

metamodels described in Section 7.6.2).

transformation rad2umicd (rad :  SimpleRAD , umlcd : SimpleUML )

{
}

For the scope of this research, all transformatayasequired to be executed in the direction efuiviL
since the Transformation Information is provide@pply to the Platform Information, and not vicesae
The remainder of this chapter outlines each ofdhe identified rules for transforming elementstioé RAD

into those relating to the UML Class Diagram.

9.2.2 Role2Class

The first rule describes an unconditional mappihg BAD role to a UML classas illustrated in figure
9.2.2.1.
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<<domain>> rad : SimpleRAD umled : SimpleUML <<domain>>
r: Role c: Class
-name =rn -name =rn
c E

figure 9.2.2.1, a RAD role to a UML class relation.

Most cases will be required to hold true whenRimée2Classelation holds between the role and the class
containing the activity. Since this is the case,Rble2Clasgelation is defined as a top-level relation,
requiring to be held true fall relations in a transformation. This relation isndmstrated in QVT-R textual

syntax below.

top relation Role2Class /* map each role to a class  */

rn = ‘String’;
{
checkonly domain rad r:Role
{
name =rn
}
enforce domain umlicd c:Class
{
name =rn
}
}

That is, patterm binds the variablen to the role model elemenameand patterre binds the same variable

(rn) to the class model elemamme resulting in botmamemodel elements in the role and class elements of
therad andumlcdcandidate models containing the same informatiersn. Each domain is annotated as
Checkonly(for verification against the rules) akeforce(to create or change the target model according to
the relation — that is from the RAD to the UML).

There is no complication involved in definiRple2Clasgransformation; only a single attributeafng is
required in the relationWhenandWhereclauses can also be applied to “explicitly coristthe relation”
(Ignjatovic 2006) and may be formed using “arbir&CL expressions in addition to... relation invocatio
expressions” (OMG 2008b). However, no such expoassare required to further elucidate understanding
this rule.
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9.2.3 IndependentActivity2Operation

Since theRole2Classelation has been defined as a top top-leveliogiathelndependentActivity2Operation
relation is required to hold only when tRele2Classelation holds between the role containing the

independent activity and the class containing fheration. This relation is illustrated in figur%.1.

<<domain>> =a —
ia : Independent rad : SimpleRAD umlcd : SimpleUML omain:
Activity o : Operation
-name = ian -name = ian
C E

figure 9.2.3.1, a RAD independent activity to a UML operation riglat

The QVT-R that represents this relation is not defias a top level relation, as it is not a requénetniior all
other relations, since the transformation is depahdn only the involved independent activity asdaziated

operation. This is reflected in the following deption.

relation IndependentActivity2Operation /*map each i ndependent activity to an operation*/
ian = ‘String’;
{
checkonly domain rad ia:IndependentActivity
{
name = ian
}

enforce domain umlcd o:Operation

{

name = ian

9.2.4 Interaction20peration

This rule suggests that for each RAD interactioa,WML Class Diagram will exhibit operations for both
driving and passive RAD interaction nodes withiassles defined by the top relati®o(e2Class Therefore,

the following relation is required, described vikyian figure 9.2.4.1, with the textual counterpafter.
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~<<domain>> rad : SimpleRAD umlcd : SimpleUML _<<domain>>
i : Interaction i20 : Operation
-name =in -name = in*
(o} E
— where

Interaction2Association (i, i2a)

figure 9.2.4.1, a RAD interaction to a UML operation relation.

relation Interaction20peration /*map each interacti  on to an operation*/

in = ‘String’;
{
checkonly domain rad i:Interaction
{
name =in
}
enforce domain umlcd i20:Operation
{
name = in* /*must be amended to reflect transitive  verb and
direct object (noun)*/
where
{
Interaction2Association (i, i2a);
}
}

When the relation is true, thhereclause is used to apply further conditions. lised in this context to
describe that whenever th#eraction2Operationrelation holds, thénteraction2Associationelation must

also hold. Further description of this relatiomgigen in Appendix V.

9.2.5 Prop2Class

TheProp2Clasgelation is defined to show how, for each RAD pused by a role, a new UML class is
enforced to represent that prop. Typically, suckaas would represent a data object that is maatipdlby
the class generated by the top relatRmie2ClassThe graphical syntax for this relation is giverfigure

9.2.5.1, with the textual description following it.
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%

— where

Prop2Association (p, p2a)

figure 9.2.5.1, a RAD prop to a UML class relation.

relation Prop2Class /*map each prop to a class*/

pn = ‘String’;
{
checkonly domain rad p:Prop
{
name = pn
}
enforce domain umlicd c:Class
{
name = pn
where
{
Prop2Association (p, p2a);
}
}

Where this relation holds, a relation to creat@asgociation between the new class and the clasgddrom
the top relatiorRole2Classnust also hold. Therefore, tReop2Associatiomelation is required. See

Appendix V for a description of this relation.

As can be seen in the examples given in the figofr#isis chapter, the graphical syntax provides an
expressiveandeasyway to define transformations in comparison wité textual syntax (Bureck 2009).
However, some difficulties are encountered in thate is no real QVT-R graphical software modelling
environment available. Further to this, QVT-R Engiseach as Eclipse QVT Declarative, Medini QVT,
ModelMorf and MOMENT-QVT are still in the developmtestages (Bureck 2009; Kusel et al. 2009). The
syntax itself is also not yet mature; some elemeat® no graphical syntax (for example, top leekdtions
and queries), some elements are unclear in meaamagsome elements have no textual counterpart ¢Bure
2009).

188 of 333



Ali Fouad (4095780)

‘EmbeddingdRéements within the MDA’

9.2.6 rad2umlicd QVT-Relations

A summary of the complete set of relations defibgdhis research in moving from a RAD in the direntodf

a UML Class Diagram is given in table 9.2.6.1, dethiled in Appendix V.

RAD UML Class Diagram Relation
Role Class Role2Class (r, )
Independent Activity Operation; Class & Associatibn | IndependentActivity2Operation (ia, 0);

Object results from Activity

IndependentActivity2Class (ia, ia2c);

IndependentActivity2Association (ia, ia2a

Looping, Line and Descriptor

States

Attribute (only applicable for
Descriptor States)

DescriptorState2Attribute (ds, at)

Case Refinement (Alternatives)

Attribute

CaseRefinement2Attribute (cr, at);

CaseRefinementElement2Attribute (cre, 3

Part Refinement (Concurrency)

Attribute; Compositiiorefinement
objects are descendent from

resulting object

PartRefinement2Attribute (pr, at);
PartRefinementElement2Attribute (pre, at

PartRefinement2Composition (pr, pr2a)

Interaction

Association; Operations in Role
Classes; Aggregation if Role
interactions are exclusive to only a

single Role

Interaction2Association (i, i2a);
Interaction2Operation (i, i20);

Interaction2Aggregation (i, i2a)

Role Instantiation

Role Class; Operation in Source
Role Class; and Association

Rolelnstantiation2Class (ri, ri2c);
Rolelnstantiation2Operation (ri, ri20);
Rolelnstantiation2Association (ri, ri2a)

Trigger Attribute Trigger2Attribute (t, at)
Replication Count attribute Replication2Attribute,(at)
Undefined Check context; May define alternate N/A

Class Diagram

Multiplicity 2Multiplicity (ti, mu)
Prop Class; Association with Role Clasg Prop2Qipss);

Prop2Association (p, p2a)

Stop Attribute in originating Role Class Stop2Aitrie (s, at)
Note Note Note2UMLNote (n, umin)

table 9.2.6.1, complete set of QVT-Relations defined by the radt@uitransformation.

It is important to recognise that whilst the po#iibof definition and transformation has been derstrated,

elements, such as looping and line states andrtiefined element, have no Class Diagram represamtat

And vice versa, the Class Diagram notation alsaioies elements (for example, packages) that haRAfmD

representation, and therefore do not feature Imetfeei description of relations. The rules definggart of
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this research to enable the transformation of ndehforming to th&impleRADmetamodel into UML Use
Case and Activity diagrams (see Section 7.6.3) raajjitte a better understanding and treatmenbjefats.
However, it is accepted that no matter how manyesgntations are produced, each will representanly
particular viewpoint on that RAD. The usefulnesshaf xMDA method is in providing a CIM to the PIM,
founded on the knowledge of requirements and spatifn, defined by business, and presented in a
language akin to the software user. Further rekegasy demonstrate that rules could be applicabibeto
directions (a promising example of this was highiégl in thenteroperabilitysection of Appendix Il), which
would enable the PIM to be demonstrated to businssss in a RAD. However, granularity levels maybe

management concern for such application to bestéali

Since the transformation rules have been verifiadnanual application to a case study in the previo
chapter, and represented formally as QVT-R for usigimthe MDA in this chapter, the next obviouspste
to evaluate the extent to which these transformatites may be applied within software supportykich

the final stage of this research draws attentidh vélation to this case study in the following ptea.

9.3 Tool Application

The benefit of employing the use of a transfornmatimguage such as the QVT is that rules can beatkin
abstraction (Peltier et al. 2000), allowing fomséormations to be defined at the meta-level. This be

verified with examination of the QVT transformatipattern given in figure 9.3.1 below.

figure 9.3.1, the rad2umlcd QVT transformation pattern (Sourceveloped from FT (2007), Ignjatovic
(2006), Koch (2006), Koch et al. (2006), Kusel e{2009), OMG (2006a, 2007c, 2008b), Peltier et al.
(2000), Sheena et al. (2003)).

Figure 9.3.1 describes a pattern for meta-levektfiamations whereby the metamodel of transformatio
(MOF) informs the transformation of models confanmto theSimpleRADmetamodel into those conforming
to theSimpleUMLmetamodel, using the abstract formalism of QVTfigfarmation rules, which were

described as relations and discussed in Section 9.2
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Since these relations have been defined at the-lenat it is possible to extend the QVT transfotima
pattern and apply it within a software contextudlier test the application of the xXMDA method (fgare
9.3.2).

figure 9.3.2, the extended rad2umlcd QVT transformation pattS&wugce: developed from FT (2007),
Ignjatovic (2006), Koch (2006), Koch et al. (2006) sKlet al. (2009), OMG (2006a, 2007c, 2008b), Eelti
et al. (2000), Sheena et al. (2003)).

In figure 9.3.2, thé-ollow Up CallprocessMachine RAD(created in figure 9.1.3.1) is depicted as being
informed by theSimpleRADmetamodel (created in figure 7.6.1.1) andRbdow Up Callprocess Class
Diagram (created in figure 9.1.5.3.1) is depictedeing generated by applying Java transformatit@sr
(founded upon the QVT transformation rules defime8ection 9.2), and informed by tBémpleUML
metamodel (introduced in figure 7.6.2.1). Becaussd¢imetamodels are defined by, and compliant ti¢h,
MOF, XMI can be used as an interchange format (Karsd Harder 2002). Thus, the transformation patter
now includes th&1 : Modellayer of the OMG’s four-layered architecture (désed in Section 7.6.1). As
noted previously, transformation rules to createlUlise Case and Activity diagrams were defined in
Section 7.6.3, and could be implemented insteadasfe defined for the generation of the Class Biagr
However, the focus here remains on the generafitirecClass Diagram since QVT-R have previously been
defined in Section 9.2 for the transformation rufeslved and prior experience of transformatiamshie
VIDE project (VIDE 2009) could be drawn upon.

9.3.1 M1 : Machine RAD XMl

The first step in applying the QVT-R described atton 9.2 within a software context was to createXMI
representation of thieollow Up CallprocessMachine RADat theM1 : Modellayer. Because there is no
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available solution to generate XML from the RAD nimta, an alternative solution is required. The VIDE
CIM Level Language (VCLL) Editor, available in VIDR@10a), is a component of VIDE and is used
specifically to generate VCLL XML from BPMN diagram$or a detailed description of how the VIDE
toolset might be used within a MDA context, see EI{2010b). The VCLL XML created as part of this
research to represent thellow Up CallprocessMachine RADs given in figure 9.3.1.1. This VCLL XML
could feasibly be auto-generated to represent the B#cepts with the provision of a software appiaa
that recognises the RAD notation. However, sincé sumol is unavailable, the VCLL here was created
manually to depict aspects of thlachine RADn XML, based on BPMN concepts for demonstrative

purposes.

<?xml version="1.0" encoding="UTF-8"?>

<VcllDiagram xmi:version="2.0" xmIns:xmi="http://www.omg.org/XMI" xmiIns="http://stp.eclipse.org/vcll" xmi:id="fusp" iD="fusp">

<pools xmi:type="Pool" xmi:id="p" iD="p" name="Printer">
<vertices xmi:type="SubProcess" xmi:id="rpr" iD="rpr" outgoingEdges="1" incomingEdges="2" name="receive print request"/>
<vertices xmi:type="SubProcess" xmi:id="pbol" iD="pbol" outgoingEdges="1" incomingEdges="2" name="print blow out letter"/>

</pools>

<pools xmi:type="Pool" xmi:id="s" iD="s" name="Sales">
<vertices xmi:type="SubProcess" xmi:id="scr" iD="rcr" outgoingEdges="1" incomingEdges="2" name="send check request"/>
<vertices xmi:type="SubProcess" xmi:id="rr" iD="rr" outgoingEdges="1" incomingEdges="2" name="receive response"/>
<vertices xmi:type="SubProcess" xmi:id="snpr" iD="snpr" outgoingEdges="1" incomingEdges="2" name="send new prospect
request"/>
<vertices xmi:type="SubProcess" xmi:id="cbol" iD="cbol" outgoingEdges="1" incomingEdges="2" name="create blow out letter"/>
<vertices xmi:type="SubProcess" xmi:id="spr" iD="spr" outgoingEdges="1" incomingEdges="2" name="send print request"/>
<vertices xmi:type="SubProcess" xmi:id="sur" iD="sur" outgoingEdges="1" incomingEdges="2" name="send update request"/>

</pools>

database"/>
<vertices xmi:type="SubProcess" xmi:id="sr" iD="sr" outgoingEdges="1" incomingEdges="2" name="send response"/>
<vertices xmi:type="SubProcess" xmi:id="rnpr" iD="rnpr" outgoingEdges="1" incomingEdges="2" name="receive new prospect
request"/>
<vertices xmi:type="SubProcess" xmi:id="utpd" iD="utpd" outgoingEdges="1" incomingEdges="2" name="upload to prospect
database"/>
<vertices xmi:type="SubProcess" xmi:id="rur" iD="rur" outgoingEdges="1" incomingEdges="2" name="receive update request"/>
<vertices xmi:type="SubProcess" xmi:id="upd" iD="upd" outgoingEdges="1" incomingEdges="2" name="update prospect
database"/>

</pools>

<pools xmi:type="Pool" xmi:id="pd" iD="pd" name="Prospect Database">

</pools>

</VclIDiagram>

figure 9.3.1.1, VCLL representation of the Follow Up Call process kiae RAD.

Here,Machine RADroles and props are equated to BPMN pools, witmatipss and interactions becoming

BPMN sub-processes. This is not so much to do \witke concepts being similar in nature, but mork wit
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what the Java transformation engine outputs irsfamation of these concepts in the next sectiod,these

concepts were chosen specifically for that task.

9.3.2 Java Transformation Rules

The choice of using Java for tMi : Modellevel mapping was because the implementationdyreaists as
another component of the VIDE toolset, known as”R&, also available in VIDE (2010a); other mapping
languages, such as XSLT, have also been useddemiato the same effect (Dan 2010; Kovse and Harde
2002; Macek and Richta 2009; Peltier et al. 2008 PPT currently supports VCLL as input. Howeveg, th
PPT “is envisaged... [to] use different notationsT¥ 2009), which could be important for the MDA dan
the tool, should an application be created to ggaeXML from a RAD in terms of the xMDA method. &t i
also important to note that the PPT is an “earbtqtype” (VIDE 2010a). Several issues became known
during this research and included compatibilitfidifities in terms of the platform and XML languatype;
the inability to handle numerous classes relatindpé amount of space allocated to output diagrams;
ineffectual error handling in terms of reportingoes relating to the input VCLL XML; and errors dougi
Class Diagram modification. However, despite thesaes, the prototype was found to be useful in

demonstrating the application of the transformatimvolved in part of this research.

As noted, the Java transformation engine of the fa€afs the BPMN concepts in line with the QVT-R
defined in Section 9.2 for related concepts oftaehine RADand, therefore, those relations were chosen
specifically to account for that in this demonstrat The relations involved weRole2Class (r, ¢)
IndependentActivity20peration (ia,;@ndInteraction2Operation (i, 0)andProp2Class (p, c)In effect,
becoming BPMNPool2Class (p, ¢)JandSubProcess20Operation (sp, #)n extract of the Java code used
within the PPT is given in figure 9.3.2.1 belowe ttomplete Java code relating to the transformatigine
of the PPT is given in Appendix VI.

/I process all pool elements and create appropriate classes
for (int i=0; i<poollist.getLength(); i++) {
Element element = (Element)poollist.item(i);
Attr att = element.getAttributeNode("xmi:type");
if (att = null){
if (att.getNodeValue().equals("Pool")) {
Element child = doc.createElement("packagedElement");
child.setAttribute("xmi:type", "UML:Class");
child.setAttribute("xmi:id", element.getAttribute("xmi:id"));
child.setAttribute("name”, element.getAttribute("name"));

/I collect lanes and append them to pool
NodeList lanelist = element.getElementsByTagName("lanes™);
for (int j=0; j<lanelist.getLength(); j++) {

Element element2 = (Element)lanelist.item(j);
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Attr att2 = element2.getAttributeNode("xmi:type");
if (att2 = null){
if (att2.getNodeValue().equals("Lane")) {

Element lanechild = doc.createElement("ownedAttribute");
lanechild.setAttribute("xmi:id", element2.getAttribute("xmi:id"));
lanechild.setAttribute("name", String.format("Lane %d", j+1));
lanechild.setAttribute("visibility", "private");
child.appendChild(lanechild);

/I collect subprocesses and append them to pool
NodelList vertices = element.getElementsByTagName("vertices");
for (int j=0; j<vertices.getLength(); j++) {
Element element2 = (Element)vertices.item(j);
Attr att2 = element2.getAttributeNode("xmi:type");
if (att2 != null) {
if (att2.getNodeValue().equals("SubProcess")) {
Element spchild = doc.createElement("ownedOperation");
spchild.setAttribute("xmi:id", element2.getAttribute("xmi:id"));
spchild.setAttribute("name”, element2.getAttribute("name"));
child.appendChild(spchild);

}
packagedElement.appendChild(child);

figure 9.3.2.1, Java extract showing how Pool2Class (p,c) and SubdsOperation (sp,0) relations are
implemented in the PPT (Source: by permission tleerPPT source files relating to VIDE (2010a)).

These relations have been applied by the Javafdramstion engine of the PPT to demonstrate how UM
Class Diagram (XMI) could be automatically deriveanfi the VCLL XML relating td~ollow Up Call
processMachine RADwith the objective being to show how realistie #ipplication of these relations within

a software solution could be.

9.3.3 M1 : Class Diagram XMl

The VCLL created previously in figure 9.3.1.1 foe #ollow Up CallprocesdMachine RADwas applied to
the PPT by running it within the Java transformagémgine; the resulting first-cut Class Diagrant thas

generated by the software, and defined on XMLj\smgin figure 9.3.3.1.
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Printer Sales Brightlinne Prospect Database
+receiva print request() +zend chack request) +receiva chack request)
+ print blow aut letter () +receive response() +check prospects databasel)
+send new prospect regquest() +send response ()
+ create blow out [etter() +receive new prospect request()
+zend print requast() +upload to prospact database ()
+send update request) +receive update request
+update prospect database ()

figure 9.3.3.1, UML Class Diagram for the Follow Up Call process Ma@RAD created from the
application of QVT transformation rules in Javagficut).

At this point, it may be useful to be remindediué thanually generated Class Diagram created prayiau
Section 9.1, to which this machine generated (béagram is to be compared (see figure 9.3.3.2fer te
figure 9.1.5.3.1 for the original discussion reigtto this Class Diagram).

¥

THE CLUB Sales

AT BAITRICK PARK

+check prospect : bool
Fcount check prospect : int
Fupload prospect : bool
Printer 1 1 Fcount upload prospect @ int 1.7
- Fupdate prospect : bool
+count update prospect : int
_sands tsend check request() 1.
Freceive response()
Fsend new prospect request() s
+create blow out letter()
Fsend print request()
rsend update request()

-ready o print : bool
-receive print request()
-print blow out letter()

1.7 -checks

responds Brightlime

-receive check request()

|-check prospect database()
-send response()

-uploads -receiva new prospect request()
lFupload to prospect database()
1. -receive update request{)

Print . ! l-update prospect database() owps W
Request h J Database

1.*

-updates 4 .

-creales

Note: Enlarged version appears in Appendix IV.

figure 9.3.3.2, UML Class Diagram for the Follow Up Call process MashiRAD created manually from
the application of transformation rules.
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9.3.4 Comparative

A comparison between the automatic and manual Cleggams revealed a number of observations
regarding the application of the transformatioresulefined by the QVT-R. As mentioned previouslig th

transformation is limited to demonstrate the réigliapplication of four relations defined in Secti®.2.

The number of classes generated by the applicatimesponds to those created via the manual afiplicia
consideration of thRole2Class (r, candProp2Class (p, cjelations. Original roles ddales Printer; and

Brightlime, and theProspect Databasprop, have all manifested correctly.

Similarly, each class that resulted has been ptgalilgith relevant operations in comparison with rtenual
Class Diagram. This demonstrates the correct impitatien of thdndependentActivity2Operation (ia, 0)

andInteraction2Operation (i, ojelations in the PPT.

This demonstrates the possibility that a softwaltat®n could support the complete set of QVT rielas
defined in Appendix V to support the xXMDA methodwtver, to create such an application would require
considerable extension to the transformation endirferther auto-generated Class Diagram is pravide
figure 9.3.4.2 to reflect the VCLL given below igfire 9.3.4.1, which has be designed to best repirase
automatic version of the manual Class DiagramHeMachine RADof theFollow Up Callprocess, by

utilising the available rules encoded within theaJaansformation engine of the PPT.

<?xml version="1.0" encoding="UTF-8"?>

<VclDiagram xmi:version="2.0" xmins:xmi="http://www.omg.org/XMI" xmiIns="http://stp.eclipse.org/vcll" xmi:id="fusp" iD="fusp">

<vertices xmi:type="SubProcess" xmi:id="rr" iD="rr" outgoingEdges="1" incomingEdges="2" name="receive response"/>
<vertices xmi:type="SubProcess" xmi:id="snpr" iD="snpr" outgoingEdges="1" incomingEdges="2" name="send new prospect
request"/>
<vertices xmi:type="SubProcess" xmi:id="cbol" iD="cbol" outgoingEdges="1" incomingEdges="2" name="create blow out letter"/>
<vertices xmi:type="SubProcess" xmi:id="spr" iD="spr" outgoingEdges="1" incomingEdges="2" name="send print request"/>
<vertices xmi:type="SubProcess" xmi:id="sur" iD="sur" outgoingEdges="1" incomingEdges="2" name="send update request"/>
<artifacts xmi:type="Role" xmi:id="p" iD="p" name="Printer">

<associations xmi:type="Association" xmi:id="pa" target="s"/>
</artifacts>
<artifacts xmi:type="Role" xmi:id="pr" iD="pr" name="Print Request">

<associations xmi:type="Association" xmi:id="pra" target="s"/>
</artifacts>
<lanes xmi:type="Lane" xmi:id="I" iD="]"/>

</pools>

<vertices xmi:type="SubProcess" xmi:id="rcr" iD="rcr" outgoingEdges="1" incomingEdges="2" name="receive check request"/>
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<vertices xmi:type="SubProcess" xmi:id="cpd" iD="cpd" outgoingEdges="1" incomingEdges="2" name="check prospect
database"/>
<vertices xmi:type="SubProcess" xmi:id="sr" iD="sr" outgoingEdges="1" incomingEdges="2" name="send response"/>
<vertices xmi:type="SubProcess" xmi:id="rnpr" iD="rnpr" outgoingEdges="1" incomingEdges="2" name="receive new prospect
request"/>
<vertices xmi:type="SubProcess" xmi:id="utpd" iD="utpd" outgoingEdges="1" incomingEdges="2" name="upload to prospect
database"/>
<vertices xmi:type="SubProcess" xmi:id="rur" iD="rur" outgoingEdges="1" incomingEdges="2" name="receive update request"/>
<vertices xmi:type="SubProcess" xmi:id="upd" iD="upd" outgoingEdges="1" incomingEdges="2" name="update prospect
database"/>
<artifacts xmi:type="Role" xmi:id="pd" iD="pd" name="Prospect Database">

<associations xmi:type="Association" xmi:id="pda" target="bl"/>
</artifacts>

</pools>

</VclIDiagram>

figure 9.3.4.1, VCLL representation of the Follow Up Call process kiae RAD created for best
representation after application of the rules enedéh the PPT.

Sales Brightlime

-Lane 1

+receive check request()

+ check prospect database )

+ send response ()

+ receive new prospect recuest()
+upload to prospect database
+ receive update request()

+ update prospect database()

+ zend check request()

+ receive responsed)

+ zend new prospect requesti)
+ create blow out letter ()

+ =zend print requesti)

+send update request(

1 +50ourcd +50LMCE
1 +50UICE

1/ +target 1% +target 1 | +arget

Printer Print Request Prospect Database

figure 9.3.4.2, UML Class Diagram for the Follow Up Call process MawhiRAD created for best
representation from the application of the rules@aed in the PPT.

Despite being claimed to be supported (VIDE 2008Hationships between classes and class attrilees
difficult to reproduce using the PPT. Careful exaatiion of the Java source files revealed that tlais w
because a great deal of the Java script that veaibwias constructed to account for meta-level ispaesliar
to the BPMN, which left a complexity in resolvindatonships from thélachine RADVCLL XML since no
Java code was written to complete that task. Ttlesion of figures 9.3.4.1 and 9.3.4.2 exemplifash
meta-level peculiarity where the transformationoecés a relationship of composition type. Howettas,
inclusion demonstrates that relations suchseraction2Association (i, i2ayould be possible, given further
extension to the tool. Another example is thatahly support for the inclusion of attributes waspecify a
BPMN lane in the VCLL (i.e. the line <lanes xmi:typeane" xmi:id="I" iD="I"/> in figure 9.3.4.1 and

representation in thBalesclass of figure 9.3.4.2), which of course is nmb@gh to account for the numerous
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relations defined in Appendix V to extract attrigsifrom theMachine RAD This difficulty is extended to
account for a number of other relations involvihg generation of the Class Diagram in figure 913.3.
including Interaction2Aggregation (i, i2aand 2Multiplicity (ti, mu),that were excluded from this

transformation process. Additional Java scripepuired to remedy this concern.

Other relations may be difficult, if not impossititerealise with further script. For example, Brint Request
class never materialised in the auto-generated Cliaggam of figure 9.3.3.1 because the relation
IndependentActivity2Class (ia, ia2eas unaccounted for. This type of relation retinsa deal of manual
guidance and user intervention which would nedgketaccounted for in any future work that might ifmeo
enriching the implementation applied here in ottiat a fully developed solution is produced. Funthere,
Giandini et al. (2009) discuss that it is import&otformally verify whether [the] implementatioa correct

with respect to its QVT specification or not” (Gdini et al. 2009). This is specifically useful met

consistency checking of definitions in QVT whereytimight be described in several (or all) involved
imperative/declarative languages; conformance migtamodels (such as the UML and MOF) is provided by
the language itself (FT 2007).

9.3.5 Elaboration

The layout provided by the auto generation suffien:i some restrictions. There is no rule to apptgation
on the positioning of diagram elements. Howeveppsut is provided for user intervention in decidimgere
elements should be placed and for modificatiorr dlffte diagram is generated. Figure 9.3.5.1 is aifiedd
version of the generated Class Diagram given mréi.3.3.1, and adheres to all QVT relations dised in

Appendix V.
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Printer
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1..*\
-OwWns
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figure 9.3.5.1, UML Class Diagram for the Follow Up Call process MashiRAD created from the
application of QVT transformation rules in Java @hifeed).

The modified auto-generated Class Diagram figuBes9l now appears to be in direct correlation \hith

original manual Class Diagram of figure 9.3.3.2jakldemonstrates that not only can this methoddeel tio

generate a first-cut Class Diagram, but also thadlass Diagram can support user modification and

elaboration. Moreover, this illustrates perfectgttsuch a model can be utilised to further devakagt into

the design or PIM phase since it is in a developgr@guage (the UML) and formatted in a language (t

XML) that supports portability across software filats, interoperability between software soluticarsd

code reusability via the XMI standard. Appendix tintains the complete auto-generated UML XML for

the modified Class Diagram of figure 9.3.5.1.

9.3.6 Extension

To extend this application, the Java code relatintdpe PPT transformation engine has been amended t

demonstrate how the code could accommodatRtie2Class (r, ¢)independentActivity20peration (ia,;0)

Interaction20peration (i, 0); and Prop2Class (pre)ations by directly associating with XML elements

defined by the RAD notation. The Java code developextend the PPT as part of this research isngive

figure 9.3.6.1.
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/I process all role elements and create appropriate classes
for (int i=0; i<rolelist.getLength(); i++) {
Element element = (Element)rolelist.item(i);
Attr att = element.getAttributeNode("xmi:type");
if (att != null){
if (att.getNodeValue().equals("Role")) {
Element child = doc.createElement("packagedElement");
child.setAttribute("xmi:type", "UML:Class");
child.setAttribute("xmi:id", element.getAttribute("xmi:id"));
child.setAttribute("name", element.getAttribute("name"));

/I collect interactions and append them to role

NodelList vertices = element.getElementsByTagName("vertices");

for (int j=0; j<vertices.getLength(); j++) {
Element element2 = (Element)vertices.item(j);
Attr att2 = element2.getAttributeNode("xmi:type");
if (att2 != null) {

if (att2.getNodeValue().equals("Interaction™)) {
Element spchild = doc.createElement("ownedOperation");

spchild.setAttribute("xmi:id", element2.getAttribute("xmi:id"));
spchild.setAttribute("name”, element2.getAttribute("name"));

child.appendChild(spchild);

/I collect independent activities and append them to role

NodelList vertices = element.getElementsByTagName("vertices");

for (int j=0; j<vertices.getLength(); j++) {
Element element2 = (Element)vertices.item(j);
Attr att2 = element2.getAttributeNode("xmi:type");
if (att2 = null) {

if (att2.getNodeValue().equals("IndependentActivity")) {
Element spchild = doc.createElement("ownedOperation");

spchild.setAttribute("xmi:id", element2.getAttribute("xmi:id"));
spchild.setAttribute("name”, element2.getAttribute("name"));

child.appendChild(spchild);

}
packagedElement.appendChild(child);

}

/I process all prop elements and create appropriate classes
for (int i=0; i<proplist.getLength(); i++) {
Element element = (Element)proplist.item(i);
Attr att = element.getAttributeNode("xmi:type");
if (att != null){
if (att.getNodeValue().equals("Prop")) {
Element child = doc.createElement("packagedElement");
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child.setAttribute("xmi:type", "UML:Class");
child.setAttribute("xmi:id", element.getAttribute("xmi:id"));
child.setAttribute("name", element.getAttribute("name"));
packagedElement.appendChild(child);

}

figure 9.3.6.1, Java extract showing how the Role2Class (r, ¢), leddpntActivity2Operation (ia, 0),
Interaction20peration (i, 0), and Prop2Class (pselations could be implemented in Java (Source:
developed from the PPT source files relating to &(R2010a)).

9.4 Summary

This chapter has taken a commercial process argtdppe XMDA method for moving from analysis into
design. Three types of UML model were delivered uadly, based on the approach which uses alternate
RAD incarnations to account for specification witliire CIM phase of the MDA and applies Transformation
and Platform Information to generate system moddis.resulting diagrams are constructed using iooisit

of the business domain, which have been refinédctarporate specification theory, and presentetied”|M
phase of the MDA in a language that is represelnyettie software community and supported by the MDA
(the UML). It was highlighted that the xXMDA meth@&advantageous in terms of guiding the discovéry o
potential issues in deriving specification withiretCIM. This makes the xMDA method both useful ® th
business and software user, and practical in tefrdsfining requirements and specification withie tMDA.
Both visual and textual QVT-R descriptions of rulesgmsed to transform a RAD to a UML Class Diagram,
conforming to théSimpleRADandSimpleUMLmetamodels respectively, were provided, prima#ya means
to demonstrate the codification of the rules fag wéthin an MDA implementation in the context oéth
XMDA. The QVT-R descriptions could also be supposéith the provision of QVT-Core and QVT-
Operational language definitions if required foplementation. To extend this, the practical appilicaof

QVT transformation rules in a software implememtathas been demonstrated. Based upon the QVT-R
defined at the meta-level, UML classes and oparatimve been generated from the application o rule

which reflect those described in the manual tramsédion process.

It is proposed that the xMDA method successfullyilfiates a better connection between what is reguby
business and what is delivered by design, andphkcability to MDA implementations has been
demonstrated. Despite the success, it is obviatduhther work is required in developing a softevaolution
to provide for a complete set of relations, withitier extension being required to support the geatoeration
of XML relating to the RAD notation and to providava coding to carefully cater for all (or as mamy a
possible) QVT-R involved imad2umicdtransformations and those involving the generatioother UML

diagrams. It is also clear that some degree ofingetvement will be required to ensure that impatt
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decisions are not overlooked and, perhaps moreriaqtty, that the software implementation has eioug
flexibility to cater for user-defined creationscinding the adjustment of object layout, etc.). Btorer, a
complete solution would be required to satisfyxtMDA method in entirety, including the definitioma

refinement of involved RAD descriptions.

This investigation has illustrated the advantagestmducing the xMDA method in terms of a requirents
definition; the beauty being that it forces thecdigery of potential issues relating to requiremeants
specification. Furthermore, the realistic posdipitif implementing the xMDA as part of an automated
software solution, in line with MDA ideals, has begemonstrated. This has shown that much (if dpoél
the transformations described as part of this rekezould be automated. In application to the Vi&fiware
solutions, a degree of interoperability has alsentd@ghlighted and high potential for portabilityca
reusability demonstrated in consideration of oubpMt_. The XMDA method therefore offers promising
benefits of application.
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#$ 7

#

It's easy to rave about how wonderful life will bgyou apply all of these great practices. The hard
part is incorporating new techniques into the waynporganisation routinely operates. The grass-
will-be-greener argument motivates some peopldémge the way they work, but observing that the

grass is on fire right behind you is even more y&sive (Wiegers 2000).

To what extent can the MDA incorporate a requirerselgfinition created by business user involvement

within the CIM phase of the MDA to be practical ie tievelopment of software systems?

Many different techniques have been employed instry for capturing requirements, designing busines
processes and ultimately defining software systétosiever, from reviewing the available literatuitds
clear that there appears to be very limited infaromeavailable on the practical use of these methadi/or
the combination of methods, specifically in the teoth of the MDA. The MDA offers great potential as
dynamic solution to defining software systems, dnrhewhat neglects the phases of analysis and
specification, leaving the CIM definition incompldtem the perspective of RE. This thesis defines an
approach based on the literature review, and thdteediscovered in part of this research, addngssie

connection between business and software idedsnvitie MDA.

Aim 1: To examine the definition of the CIM withie MDA and consider the appropriation of it as an

interface with the business user for defining reguients in MDA notations.

The business user is proposed to be somewhat disctad from the MDA in the examination of the CIM in
terms of notation and method. Objective 1 was tn@re the connection between the MDA and business.
From reviewing MDA and related literature in Sent 1.1, it was argued that the MDA has deficiesneird

is not yet a mature technology. The CIM was foundednsufficient at connecting software development
with the business user, in terms of facilitatinggquirements definition, and avenues for extenttiegCIM
were identified. Objective 2 was to determine thificiency of the CIM at delivering requirementsthe

MDA. It was suggested that what is required byRId is in conflict with that which is offered by
requirements documentation. The case relatinggavikb-based cinema ticketing system adapted from Wa
and Leong (2004) was examined in Section 4.1.2sapgorted this argument. By forward and reverse

engineering MDA documentation, software conceppgpsued in the notations of the UML, such as olgject
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and attributes, were found to be unhelpful in cdesition of business users. Such users typicallg ha
notion of software concepts and are therefore wntablitilise these notations when defining requeets.
The need for and importance of specification amdstystem boundary was also highlighted. The MDA is
dominated by notations derived from Software Engiimg paradigms and would require considerable
extension to adequately cater for the accessilufitye business user, specifically in terms adguirement

definition.

Aim 2: To discover how other modelling techniquesctviaire accessible to the business user, might be

integrated with the MDA in terms of method and notgtwith the focus on transformation and traceapili

The suggestion that situating requirements methaitisn the MDA may alleviate the inaccessibility it$

use by business was addressed by considering CRIMoand CIM-to-CIM transformations. Objectives 3
and 4 looked respectively at how requirements mighgupported by the PIM and how useful CIM
definitions are at interfacing with the businessrufn Section 5.1.1, a simple order processintegsysvas
used to demonstrate how it could be possible tesfoam from a behavioural model of business (RADa to
software counterpart (Activity Diagram). A way tmgduce a foundation static Class Diagram (RUD) derive
from the RAD was also found by looking at a samjplgecrelating to a traditional musical jukebox syste
However, Section 4.1.2 raised the importance dirdjaishing system elements in defining specifmati
Although the RAD was found to be rich enough to dbsmecessary detail, the notation has no mecmanis
to account for the system boundary. Thereforeai suggested that such transformations may prove
unhelpful for software development. In Section Bthe importance of the system boundary was again
highlighted in the analysis of a supported softwastation for modelling the CIM (BPMN) and a business
technique for specification (Use Case) in termshefdimplified travel reservation system case sadfpted
from Silver (2008d). The Use Case can represergysiem boundary, but it is an extremely simplistic
notation and suggested to be incapable of retaithiagichness required of the CIM. Both Sectionsl5ahd
5.1.2 suggest that notations available to busirsesd) as the RAD and the Use Case, can closely egires
the business process and be utilised by the bissirses, yet form no part of CIM definition or aretféo the
MDA. Models supported by the MDA, such as thosendef in the UML and BPMN, serve better the
Software Engineer than the business community.dgxig, transformations between business and softwar
models appear to result in a loss of overall rigsngith some requirements being distorted or,cat®y lost
to translation. Therefore, a way to enhance the MI& required by defining an extension which cdadth

retain such richness and appropriately accounefguirements and specification in the process.

Aim 3: To extend the framework of the MDA to actdomnspecification within the CIM.

The fusion of the business process and IT is prexgbts be an important step for the MDA and one Wikt
need to be made before the consolidation of the Ntidrastructure is made. There is a need for the CIM
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definition to adequately account for requiremewighout any constraint on modelling method or taol,
order that such fusion between business and sa&tharealistic (Hansz and Fado 2003). This is suegdy
the findings made in achievement of aims 1 andh2. drgument was to define a mechanism to account fo
specification within the CIM, which objective 5 wdsfined to achieve. In Chapters 6.0 and 7.0, the AMD
was proposed to extend the MDA framework, and Wastiated via the application of the xMDA methad t
a sample order processing case study. The xMDAfiaed on the MDA ideals of interoperability, pdotiéy
and reusability, with specification at the hearttaf CIM, thereby embedding RE within the MDA. Thes i
suggested to ensure that systems are developedeterapd correct from the requirements stage hrgo t
MDA. The use of models, UML-based or otherwiseerisouraged so that they might help “build the syste
(Mellor and Balcer 2002). The keyword herén@p. It does not matter that ajectis conceptually a
software term, as long as real semantics from REB&®M paradigms are ideally kept. The xMDA draws on
this notion by defining abstract mechanisms to nmbeeCIM from analysis to design via specificatiarthe
form of three phase&fvironmentSharedandMaching and by applying Transformation and Platform
Information to derive models natural to softwareida. This was illustrated in Section 6.4 and Chapi@

via the xMDA method in the form of the extended RA@ation which accounts for those phases and meta-
level transformation rules to apply tMachine RADto the UML. However, it is the intention that thse of
any notation or technique may be applied to theé&waork, so long as the central notions are adheratius

signifying the extensibility of the framework.

Aim 4: To determine the academic and commercialevaf extended mechanisms.

The final objective was defined to verify the exted mechanisms of the xXMDA to show how the xXMDA and
associated method could be viable and practicalhapter 8.0, the xMDA was evaluated in academiagusi
student subjects. The xMDA method of moving froralgsis to design via specification was presentedal
with other methods to members of the BPR unit orSibiéware Systems framework at Bournemouth
University, with written feedback being drawn upoa thematic analysis. Difficulties in moving from
analysis to design were highlighted, with the xMBwethod being reflected on positively in terms of
measures included to alleviate concerns, sucheasathsideration of the system boundary, the thdmegs

of the technique, and the simplicity of applicatighilst remaining rich in description. The xMDA rhed
measured successfully in comparison with otherrtiggles, which demonstrated that the xMDA was both
viable and accessible to the students. This adeldssy factors in moving from analysis to desigthia
development process, however, practical experiandeapplication remained a student concern. Hence,
Chapter 9.0 was directed at verifying the factualiaption of the xMDA in terms of tools and techaés via

a commercial case study based upon The Club at Melark, Bournemouth. In Section 9.1, the xXMDA and
associated method were found to be manually agiéida the commercial case study in generating fsode
sufficient for connecting CIM level representatidoghe PIM via the application of Transformatiordan

Platform Information. Further to this, the xMDA rhetl was found to provide mechanisms that force the
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discovery of potential issues for resolution durihg specification process and facilitates thealiscy of
candidate design classes. To demonstrate the abititig of the XMDA to the techniques of the MDA,
Section 9.2 (and Appendix V) provided the desasipf transformation rules in the form of QVT-R
definitions. These were then verified in Sectia® ®ith application to an MDA tool, producing a sedtre
generated model comparable to that which was adeien manual application, thus laying foundation t

potential semi-automated software support.

“There is no single correct way to analyse systequirements” (Sommerville 2004). However, interaati

and collaboration between non-technical stakehslded technical developers in generating requirésrfen
the system to be delivered in the PIM, rather thansferring elements from the PD into softwardeys
design models (Génova et al. 2005; Nuseibeh angiBasok 2000), is considered to be the real beoéfi

this research. It is likely to remain difficult toake a pronounced connection to business withuhert
deficiency of specification within the MDA. By giwinconsideration to the tools and techniques aVaileb

RE and the MDA, it is possible to make the connectietween domain and software models. This research
has exposed the inadequacy of the CIM at delivaitrge model of requirements, and provided a souti
that includes transformation and traceability meddras in terms of the xXMDA framework, and verifitnis

via method application.

10.1 Contributions

In conclusion, the contributions of this thesis wmved to be as follows:

The justification for and description of an exteddemework into which different notations
and tools can be placed to facilitate the accdagibf the MDA to business users;

A unique method, including a mechanism for evolvémganalysis RAD into a RAD suitable for
specification within the MDA by extending the RADtation, and rules to transform RAD
elements into the UML (e.g. the RUD) derived frora #impleRADandSimpleUML

metamodels (developed by this research), confortaiiige MOF; and

The verification of the extended framework and asgted method, demonstrating the viability
and accessibility of the xXMDA to academia as lebl@aand to industry as applicable,
highlighting analysis problems often overlookedthy MDA when applied to commercial

processes, and practical in terms of MDA tools &etiniques.
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10.2 Related Work

Half of art is knowing when to stop (Arthur W. Radfn

The chairs of the OMG’s Object and Reference ModblcBmmittee (ORMSC) and the OMG’s MDA Users’
Group have been approached via the Vice PresisehtTachnical Director of the OMG regarding the
findings of this research, in the hope that the ¥Mmight affect the MDA standard to account for
discoveries made by this research. The investigatim the applicability of the xMDA is expected to
continue, specifically focusing on extending theifieation of commercial application, and further
submissions to the OMG regarding the direction faare of the MDA Guide are likely to be made.

Further research is required in examining the xMD#lising alternate and combined techniques, whith
view of discovering more about how versatile thepmsal really is. Analysis could be conducted imieof
the RAD replacing current modelling conventions,tsas the Use Case and Activity diagrams. Therefore,
further theoretical examination ought to be conddctlating to aim 2 on how other modelling techief
which are accessible to the business user migintégrated with the MDA, and how such techniqueghmi
complement one another. Specifically, this couldlivected at discovering whether or not there rsetation
between technigues and how the early derivatiooaraitomation of test cases might support thensoét
process. Suggestion is given that the interfacedst analysis and design can be achieved withivitha
through the application of appropriate techniquegtvare not founded on Software Engineering cotscep
so continued focus should be given to such teclesigqund applying those that hold the most promisieeto
XMDA. The xMDA method could be applied with greatigor in a multitude of situations and combinatipn
or even in an enterprise test environment, so asdertain whether or not the Transformation aatfétim
Information could really be bi-directional and appble across multiple languages. For example, cipgy
the generation of a RAD from the UML, and suppatihe generation of models to and from alternate
languages. This would be ideal since it would emahbbdels of design to be reversed engineered iR&R
(or other suitable language) that facilitates thdarstanding of business and software, such ZBRIMN.
This type of investigation could be extended toneixe the validity of the XMDA in support of procedl
and combined solutions, away from object orientaiad the support of other software processes asite
SOA. Moreover, analysis is required in determiriogv sufficient theMachine RADgenerated Class
Diagram is to design. It is possible that sinceGless Diagram is generated out of specification software
language, designers mpyesumehe design task is complete (or even started).évew this should not be
the case since xXMDA output is pure specificatiord ot design at all. The use of this output thanef
amounts to nothing more than specification, irrefipe of language, and ought not to be considered

otherwise without sufficient attention being placeddesign.
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Regarding tool support for the xMDA method, there many avenues of research worthy of consideration.
An enactor engine for the RAD that incorporatesdii®A would be useful in part to develop a tool that
entirely supports BPM and the xXMDA, since none isamntly available. Similarly, an enhancement totdaa
XML to be generated from the RAD notation would assist in moving the RAD into mainstream process
modelling within BPM and software development. Tihigestigation could be extended to further accdaint
more, if not all, of the QVT-R described in Appendixby producing the necessary Java code. Withgaege
of vision, it is possible to imagine an xXMDA tobkt could support many alternate transformatiomdems,

in many different languages, for many alternatations. This would require a powerful transformatio
engine that should be orchestrated to accountser-defined creations in the refinement of analysislels
through specification and ultimately, into desiga Vransformation and Platform Information. Moregube
increase in complexity and cost for users to leasociated tools and methods also requires coasioier

From the wider perspective of the MDA, other avenakresearch could be taken to investigate the
application further. The MDA comes with much proejieowever, little is known about the real cost
associated with MDA projects and modelling trainiNgany tools claim to support MDA ideals, but jast
many are found to be in breach of the MDA spedificeand cause users to become locked into using
specific tools, mutate available conventions, angglect phases (such as the CIM) because tool giippo
questionable or unavailable. There are also othemuwes to model driven development (and developiment
general) which could be investigated comparativéth the MDA (such as the SOA) to see if the prantise

MDA offers is realistic in terms of application amdplementation in the wider software process field

The outcome of software system operation in theweald is inherently uncertain with the precise
area of uncertainty also not knowable (Lehman 1989)

In summary, the key to successfully migrating framoutlined description of user needs to a corsasef
specifications, and indeed, eventually to a fullgdtional and successful system, is to understaed t
customer requirements, the software applicatiom atrailable resources and the surrounding envirahme
(Sommerville 2004). Moreover, Al-Neimat (2005), Rlkau (2010), Gonzales (2009b), Ward-Dutton (2011)
raise the important issue of managerial supporstich initiatives. Rothman (Rothman 2007) specificall
highlights key management ideals, whilst not b&irbaustive, it is thought that the presence of sugport
systems would help to ensure that the right manageoulture is in place for the successful impletaton

of the XMDA. The Greek philosopher Plato once paoukd that “no law or ordinance is mightier than
understanding” and in the context of successful MBWlementation, the understanding between business

and software is vital.
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Assignment Brief

Bournemouth
University

SCHOOL OF DESIGN, ENGINEERING & COMPUTING

ASSIGNMENT - 2009/10

Course: Software Systems Framework

Year:

Final Year (Level H)

Unit: Business Processes and Requirements
Assignment Number: 1 (Part Two)

Unit Leaders: Cornelius Ncube & Keith Phalp

Issue Date: 19/11/2009

Due Date: 18/12/2009

This is an individual assignment

This assignment forms the second part of the caudefor this unit, and covers (or
partially fulfils) learning outcomes, 2, 3 and 5.

1.
2.

3.

4
5.

Appraise critically approaches to the principaluiegments engineering tasks;
elicitation, analysis, specification and validation

Demonstrate a comprehensive understanding of@akttips among client business
processes, requirements and software systems.

Evaluate, select, and produce appropriate modddsisihess process scenarios or
problem domains, and matching requirements andfgions.

. Evaluate critically requirements methods and redear

Understand the impact of professionalism upon ¢lggiirements phase.

Marks for this second part are given (out of 100).

However, parts one and two of the coursework vallneighted 70:30 to form your overall
coursework mark.
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Deliverables and Assessment Criteria / Marking Schae
You have been given a brief description of a paldicapplication domain, and have been
asked to produce a number of deliverables, fofitta requirements document.

Models of Processes
Produce Role Activity Diagrams for the given scén@). Marks will be awarded for:
Appropriate separation of problem into constitygentts.
Sensible choices for logic of process & appropriatel of abstraction.
Appropriate (and correct) use of notation, e.@testactions, interactions &
control constructs.
(50 marks)
Analysis of Processes

Analysis of process. Describe any ambiguities yioat have discovered from
your analysis, relating this to the models you hanagluced.
Describe, as a process modelling professionalchapges you might suggest to
the process scenario, and any benefits and pdteska of such changes.

(20 marks)

Reflections on Method

Discuss the issues and solutions encountered imngdnom analysis (the process models)
to specification and design, and mechanisms thatwauld use to ensure alignment of the
business process model (and business needs) afiddistem.

(Maximum 1000 words) (30 marks)
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Poole House Holdings

Poole House Holdings is a typical small to mediimed enterprise (SME) that is looking
to develop a software system to support a smal snail order business.

Because of logistics of the enterprise systemithalteady in place, the new support
system is to be interoperable with other systendshave a portable / reusable architecture.
The following describes the activities of the nailier process.

The marketing department is responsible for that@e and despatch of all marketing
materials.

Once a customer is ready to make an order, theyutilthe order form and mail it into the
company. Once received, a sales advisor procdssesder. The customer details must be
kept on file for future reference and credit cheaies made to ensure the customer account
is in credit before any order can be authorised.

The accounts advisors are therefore required poresto any sales order request by
providing them with an update on client credit viaoress. Sales advisors who are suitably
trained may, if the accounts advisors are very peisgose to do this themselves.

If a client has poor credit, the sales advisorfiestithem of the situation, otherwise an order
is created and sent to the despatch team; whogratkespatch the order, along with the
required despatch note.

A copy of the despatch note is forwarded to theants advisors for billing purposes,
which is already supported by the accounting sysiérare are usually two sales advisors
and two accounts advisors available to the ma#ioetterprise at any given time.

The warehouse team number varies with seasonalrdeara the company believe that
they are unlikely to have any impact in the desifjthe new support system.
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Sample Student Feedback (1)

ISSUES IN MOVING FROM ANALYSIS TO,SPECIFICATION AND DESIGN

From analysing the documentation provided about how Poole House Holdings operates | have been
able to create a model which shows a fair representation ?zr@ problem domain.

A major issue which would have to be resolved befo?;;n ving further in the development life cycle
would be to arrange discussion with the customer to ensure that ambiguities can be cleared up and
that any incorrect assumption made in the original RAD are altered and a final version is agreed with
by the customer.

Journal article (1) describes a useful way of doing this though the reasoning in the paper is slightly
different the method can be used to, “Step 1. Describe role activity diagram” talks about creating new
process descriptions even though the context has already be descrit@i/m

By describing the system process based on the RAD and comparing it to the description the RAD was
based on will allow links to be created -behureen/arhbigufties and the part of the system which has
been assumed. From this analysis customerinput can be used to ensure that the RAD is in alignment
with what the customer wants to be created.

The madel | have produced in the form of a role activity di fam (RAD) shows how different
components within the whole system interact with eacluiggr. These components include psople,
departments and the system itself.

From the model certain parts of the specification and design can be created such as ensuring secure
login is used when people interact with the system, however exactly how this is done is not modelled
by a RAD since there are several different security measures that can be put in place.

Without further information and clarification a system with biometric security may be designed when a
simple password login would suffice leading to software which far exceeds the business needs being
created. gu/ '

The reason why situation such as the on&T have just described can occur from creating a
specification just from a RAD is that only intepdctions are modelled and not what is actually taking
place such what is inputted or outputted. -

To resclve these issues clear definitions of what data is inputted and outputfed and how the
interaction takes place needs to be described. Use case descﬁpticnﬁruvide some of this
essential information as interaction and activities which up the RAD,£&n be broken down to steps and
from these steps allowing a more accurate specification possibly being pfoduced.

figure 2-1, sample student feedback received witheaet to the ‘Reflections on Method’ part of th@2Q0
Business Processes and Requirements assignment.
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Sample Student Feedback (2)
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figure 2-2, sample student feedback received witheaet to the ‘Reflections on Method’ part of th@2Q0
Business Processes and Requirements assignment.
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Sample Student Feedback (3)
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figure 2-3, sample student feedback received wiheaet to the ‘Reflections on Method’ part of th@2a0
Business Processes and Requirements assignment.
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Results

This section of the appendix is directed at prawgdah summary of central themes found from examining
student manuscripts. From the preliminary examimatif the texts under scrutiny, an analytical teatgolvas
created. Further analysis of texts revealed renssto the template. As per recommendations in K20§6),

the data was reviewed twice before the final teteplsee table 2-1) was agreed upon.

Theme Sub-Theme

1. Simplicity 1.1 Application
1.2 Communication
1.3 Notation

2. Richness 2.1 Notation

2.2 Requirements & Specification
2.3 System Boundary

3. Transformation, Traceability & Interoperability 3.1 Transformation & Mapping
3.2 Traceability
3.3 Interoperability

4. Approach 4.1 Software Process
4.2 Alignment
4.3 Tooling
4.4 Maturity

5. Solution 5.1 POSD

5.2 SystemRAD
5.3 XMDA Method
5.4 Other

5.5 Combination
table 2-1, thematic analysis template relatingtte study of student manuscripts.

As table 2-1 shows, five themes were found to Idrakto student arguments and each theme wasroke
down into further sub-themes. Because the argumesis directed at the identified sub-themes andhret
individual methodper se it was not possible to completely organise tha\asis by method. However, it was
found that in discussing an overall solution (thdiwne), individual methods were discussed and tloeecthis
theme focuses on those methods. It is considerpdriamt to fully “justify... each code, and... aefihow it
should be used” (King 2006) and, therefore, thitiea of the appendix looks at each theme indiviiguend
discusses the extent of inclusion together withrareary of the total number of students found to be

addressing each theme and sub-theme.
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Simplicity

The inclusion okimplicity as a theme relates to the fact that many stuelars found to include this concept
in relation to aspects in discussing the processmfing from analysis to design via specificatidherefore,
it was decided to include this theme as a basiarfatysis to examine the extent to which simpligta

requirement and product of presented solution mashes. Table 2-2 identifies trsgmplicity theme.

Total
Number of | Percent of
Students Students

1. Simplicity (n of 47) (%)
1.1 Application
1.1.1 Simple 19 40.43
1.1.2 Difficult 10 21.28
1.2 Communication
1.2.1 Stakeholder involvement 25 53.19
1.2.2 IT involvement 4 8.51
1.3 Notation
1.3.1 Identification of Actors / Roles 4 8.51
1.3.2 Steps to increase accuracy 10 21.28
1.3.3 Colour Coding; numbering or meaningful names 711 36.17
1.3.4 Visual 4 8.51

table 2-2, thematic analysis template for the ‘Siaily’ theme.

As seen in table 2-2, the theme has been dividedtinee alternate sub-themesapplication
communicationandnotation Applicationapplies to comments relating to the perceived easgéficulty in

the use of methods applied to move from analys@uth to specification and desigdbommunicatiomrelates
primarily to how stakeholders might be involvedtfie procesdNotationfocuses on specific accountability of

notations to facilitatsimplicityin the process.
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Richness

The next identified theme waghness Many students made reference to the importanceetfiods being
able to capture certain concepts integral in mofiam analysis to specification and design. Thdyais

template for this theme is included in table 2-3.

Total
Number of | Percent of
Students Students

2. Richness (n of 47) (%)
2.1 Notation
2.1.1 Data description 7 14.89
2.1.2 Role importance 11 23.40
2.1.3 Behavioural dependency capture 14 29.79
2.1.4 Identification of Process flaws 9 19.15
2.2 Requirements & Specification
2.2.1 Analysis & Specification don't occur; or ocuadequately 19 40.48
2.3 System Boundary & Abstraction
2.3.1 Description of System Boundary 7 5745
2.3.2 High-level of abstraction 27 57.45

table 2-3, thematic analysis template for the ‘Riess’ theme.

Table 2-3 breaks down thiehnesstheme into three alternate sub-themesathtion requirements &
specification andsystem boundary & abstractioRrimarily, notationwas discussed in terms of how
mechanisms may or may not support enough richmesarisferring information discovered during anelys
through to specification and desigtequirements & specificatiomas found to be important in understanding
and supporting this richness and therefore includepart of the analysis. From reviewing studegtigents,
the concept of theystem boundary & abstracti@ppeared significant enough to be included sepéoat
discussion of theichnesstheme.
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Transformation, Traceability and Interoperability

Table 2-4 identifies the thematic analysis templatevhat is the largest theme in terms of response

associated with the process of moving to specifioand design and is concerned with the notions of

transformation, traceability and interoperabiliyd how they relate.

table 2-4, thematic analysis template for the “Bfammation, traceability & interoperability’ theme.

Total
Number of | Percent of
Students Students

3. Transformation, Traceability & Interoperability (n of 47) (%)
3.1 Transformation & Mapping
3.1.1 Information is lost in the process P2 46|81
3.1.2 Accounting for information loss 27 57.45
3.1.3 Mapping is a difficulty 27 57.45
3.1.4 Addressing the difficulty of mapping 22 46.81
3.1.5 Errors being transferred in the process 5 6410.
3.2 Traceability
3.2.1 Traceability as an issue 8 17.02
3.2.2 Accounting for Traceability 9 19.15
3.3 Interoperability
3.3.1 Moving a RAD to a Use Case 29 61.70
3.3.2 Moving a RAD to System Models (UML) 24 51.p6
3.3.3 Use with SEAM 1 2.13
3.3.4 Use Cases not required for Specification 11 A@3

It is seen in table 2-4 that each area relatintheadheme ofransformation, traceability & interoperabilitis

subdivided into three sub-them@&sansformation & mappingddresses issues related directly to loss or

retention of information during the transformatemd mapping process and the issues and solutiaharen

associatedTraceabilityis concerned with student observations of issu&ed to how specification and

design models might be traced back to original ireguents and analysikiteroperabilityis associated

specifically to the ability of methods to be intpevable between other modelling conventions, aad th

requirement of such interoperability.
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Approach

This theme addresses general notions relatingaitedwe approaches in moving towards design. It is
concerned more with the high-level view of appraachnd the issues surrounding them. The thematic

analysis template for trepproachtheme is given in table 2-5.

Total
Number of Percent of
Students Students

4. Approach (n of 47) (%)

4.1 Software Process

4.1.1 Software Processes and interpretations 3 6.38
4.2 Alignment

4.2.1 Alignment as a concern 21 44.68
4.2.2 Alignment is time consuming 11 23.40
4.2.3 OO0 or MDA Approach to address alignment 4 185
4.3 Tooling

4.3.1 Tool Support 6 12.77
4.3.2 Code generation 3 6.38
4.3.3 Manual 8 17.02
4.3.4 Semi-Automatic 5 10.64
4.3.5 Automatic 4 8.51
4.4 Maturity

4.4.1 Further academic work required 4 8.51
4.4.2 Enterprise Systems a concern 7 14.89

table 2-5, thematic analysis template for the ‘Agmh’ theme.

Four sub-themes are identified in table 2-5 retptmmthesoftware processlignment tooling; andmaturity.
Thesoftware processub-theme demonstrates the impact the selectiproogss might have on an approach,
and how some approaches might be designed fottiawar approach (thereby presuming approach
selection) Alignmentis described specifically as an overall ideal wétation to chosen solutions and
therefore considered independently in this conteéttt relation to the time taken to achieve suchratient.
Toolingis mentioned to aid solution approaches; the ¢xteimg evaluated by the inclusion of this sub-
theme. Lastly, whilst much is said for particulapeoaches and the idea of moving from analysistigh

via specification, some students discussed thditsabf offered approaches in terms of maturity and

thereforematurityis included as a sub-theme.
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Solution

The final thematic inclusion is associated with shedent identification of solutions relating te thuccessful
transition from analysis to specification and dasigrom discussed approaches, the students spoletaih
about which (if any) would be considered an appetpremedy. Table 2-6 outlines the analysis tetaga
this theme.

Total
Number of Percent of
Students Students
5. Solution (n of 47) (%)
5.1 POSD 6 12.77
5.2 SystemRAD 2 4.26
5.3 xXMDA Method 15 31.91
5.4 Other 3 6.38
5.5 Combination 13 27.66

table 2-6, thematic analysis template for the ‘Hohl theme.

This theme focuses on five sub-themes relatinghtetier the student selected one of the three disdus
solution mechanisms of either POSD, SystemRAD, extViDA method, whether they related better to an
alternate method (with the inclusion of the sulbstBether), or whether a suggestion focambinationof

methods might be considered a better suited solutio
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Observations

In this section of the appendix, results highlighire the previous section are elaborated on witremce to
the issues related to the application and use tiode described in Section 8.3 and the studentriexqe in
moving from analysis to design via specificatianptesenting the findings, it is imperative to prod a
“coherent ‘story™ (King 2006), giving particulan€us to the experiences of the individual, witledirquotes
being “essential” (King 2006). Therefore, the fiteinplate (see table 2-1) is used to lead thepretation of
findings and where student experience is drawn ughenstudent is referenced by number in brackets f
identity protection. This does not mean the theareselated in such a hierarchical way as the tatapl

suggests, or by no means implies there is no oelstip between attributes that appear disassociated

Each of the identified themes are discussed in tinawing on individual case experience to gainityland
understanding of the student perception of thege®in moving from analysis to design, experieriGnd
attitude toward given solutions and the overaleption of methods. As recommended by King (2006),
discoveries are based upon the careful examinafitime spread of codes, data entries that occgukirly,
and where there is no occurrence. Whilst remais@igctive in choices made regarding interpretadiah
remaining open to the consideration of inter-theetationships, it is important to stress that i the
intention of this research to derive factual eviclefrom these observations, rather to gain insightthe
personal experiences of the individual in consitieneof available techniques and specifically tarte

whether or not the xXMDA method would be receivea agble.

Simplicity

Simplicity is an area that appeared to be impoiitattie consideration of moving from analysis tsiga and
the notations used to complete the task. Over 4@8%ntented on the simple application of methods, 53%
identified the involvement of various stakeholdensconsideration and 36% discussed ways to sigplif

methods through varying means.

Application

When moving from analysis to design there seeni& tsome attraction to the Use Case as a notation for
specifying software systems. “Use cases are oketepved as an integral part of an object-orienajgatoach
to software development” (Phalp and Cox 2001). Iny¢au and Phalp (2005), this popularity is assediat
with being able to represent specification via exand natural English; this in turn enables speatibn to
be understood by stakeholders. Student 10 congusaying that “they rely on prose and can be sednidy
basic representations of complex problems, theg@peemely easy to understand” (10) and Student 20
identifies that because the Use Case “does notyuseas but words to describe the different procgs620)

they facilitate understanding. However, Use Casedeazd to ambiguities (1 and 44). Therefore, some
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authors attempt to facilitate the move from analysidesign, focussing on intermediate techniguaisare
used in moving from a richer process model to aClsse. POSD is one such method that simplifies this
process by accommodating the coupling of behavj@lorstracting away from the detail of the business
process (4 and 23). This makes “it is very eagynerstand in terms of what parts of the systesraat with
each other” (24) and “easy to follow” (32). Othaudents argued however that the POSD techniqueoisds
straight forward” (36) as other techniques andan@omplete solution” (38). This is perhaps becatse
application of POSD demonstrated to the studergs ather techniques to complete the move which

complicated understanding for those students.

RADs are identified as being a “fairly easy, simptgation” (37) for modelling the business process a
providing a communication conduit between staketxaléind requirements specialists; supported by
Murdoch and McDermid (2000). This is because alsipgge RAD is able to simplify the description of
complex processes (38) with minimal training (3YRAD offers a straightforward description of “the
process to the client and captures the busineslshg29). RADs have “the advantage of describing the
timeline of the system or process” (20), makingphecess easy to follow; an ideal represented lthede of
the described methods. In Brown et al. (2006), mtdekformations are described to incluefactoring
(where one notation is used during transformatiomgel-to-mode{where different notations are mapped);
andmodel-to-codéwhere code is generated directly from the mod@he student argued that refactoring
transformations are of greater simplicity becadsér notations have to be learnt and understdug, t
conveying and communicating meaning much more tffedg” (9). The xXMDA method is based fully on the
modified RAD where “every step of the transformatidiows you to see what has changed making it
relatively easy to follow” (4) and transitions tesign are described as “much easier” (6). The xMDathod
carries “the advantages of being simple to undedsté83) and is less complicated in comparison W@SD
(31). However, others argue that the MDA is “a veoynplex approach to creating a system” (3) and the
XMDA method has a “complex nature of splitting RA84) with the RAD notation itself being complex
(44 and 45).

Other mechanisms were mentioned, such as B-SCPrabteR Frames, with the central notion of simpjicit
in application being highlighted (7, 44, 45 and.4&&udent 24 writes that the objective of this aesk area is
to “simplify the process involved” (24) by propogimethods that help stakeholders address the issues
involved in moving from analysis to design. Studéntgoes a step further by suggesting that thialinit
decision of choosing an appropriate method is esdigrdifficult because it is compounded by the

consideration of the repercussions involved wheyosing an inappropriate method (47).
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Communication

Stakeholders are identified as “anyone that coaldaterially affected by the implementation or oate of
a new system” (Phalp et al. 2007), whose objectiwvebgoals vary in as much as the number of mesimeni
available to move from analysis to design (Kavakio4), supported by Coughlan and Macredie (2002),
Kavakli (2004), Nuseibeh and Easterbrook (2000)xdre et al. (2008), Phalp and Jeary (2010), Pkakd.
(2007), Sommerville (2004). The communication dbimation between stakeholders in moving from
analysis to design was highlighted as a key stuclemtern. This is perhaps because specificatioviges
mechanism between Business and Systems Analystfahehjuate systems may result if there is a
mismatch of understanding. “If business models'atemderstood and consequently not used to théir fu
potential they could be seen as a waste of timeranky” (16) and, conversely, by “totally focussmythe
customer there is the tendency to ignore the proloientext” (17), i.e. the derivation of systemsiges

which highlights the importance of the connectietween Business and Systems Analysts.

Solutions discussed include applying notations dinatsimple for both domains to understand, sudRi3s,
as they are an “extremely beneficial method of gnga thorough understanding of the process isesha
between all stakeholders” (6), or Use Cases, bedey are “more easy to understand” (20), “whiobusd
allow the client to discuss, validate and experitwéth process changes” (29). A RAD is “useful for
developers who want to perform analysis; it dogsmzude a foundation to initialise specificatiand

design” (14). POSD “has the advantage of beindyeanderstandable for a less technical user” (8) @an
transform a RAD to a Use Case model. The xMDA mettatbe used to “gain a better understanding of the
scenario presented and how to turn the analysisto.tbe next level of requirements and specificaid32),
and “provides a structured, relevant approachrigsugng business needs are maintained through to
development” (33). It is important that such natas must include the Business Analyst since oftstesy
models are commonly software-based and “excludersmfrom a non-programming background” (8).
Indeed, “this could be done through ‘user-facirmidience) models aimed towards stakeholders” (8h W
that in mind, the XMDA method is an example ofeéhtéque that aims to include both the Business and
Systems Analyst by providing mechanisms that suggocess and design modelling through the CIM; “the
advantage of using CIM is that it has better coriapdb business users” (19), whilst remaining ative to

IT because of this connection (3).

It is suggested that it is sometimes difficult thi@ve understanding when many different notatamesused
because “people cannot be expected to be familthragch notation” (16); this would result in exbtve
training (16 and 18). In the context of the SysterBRAnd the xXMDA method) users must “be trainedeald
with system adaptation” as well as having a cleateustanding of the application of the RADs (16)isTh
issue could be compounded when models are placenténprise systems where multiple teams work on

individual projects. “When models are moved fromnteto team, they do not necessarily carry the same
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experience or knowledge as others and it can bedifficult to translate what one person knows arehtes

to what someone else can understand” (18).

Means to increase stakeholder understanding inaghtext of transformation (such as colour coding,
numbering and the application of meaningful nangogventions) can be used in strengthen such tesbsiq
(2). Particular style guidelines, like the CP Styldes for Use Cases (Cox et al. 2001; Phalp 2002)hean
used to facilitate understanding “because thematish less ambiguity from the part of the readef) (T ool
support, such as the enactable Use Case tool dedéniiKanyaru (2006), Kanyaru and Phalp (2005, 2009
can allow “stakeholders to be fully involved” (With descriptions containing “both pre and postestdo

ensure that before and after each process, the detaiéand business need is understood” (18).

Others argue that it is the onus of analysis taen'&ll stakeholders understand the scope ofytetem and
that everything in the scope is documented comgligtg(8). Without this, a complete specificatiorould not
be able to be prepared and “would require furtht@raction with the customer... to find out what was
needed” (27) to complete it. Student 41 recommencsmbination of techniques should be used to miagim
efficiency, ensuring that “no processes are misggtland the “potential for risk” is accounted fdr). The

important thing being that the stakeholder is imedl from the start of the project.

Notation

The concern for simplicity was identified furtheegarding how notations can specifically simplifydebe
simplified to identify and demonstrate process&slived in moving from specification to design. Omay to
look at this was to examine the ability of techmigtio model the concepts suctr@le or actor. RADs are
described as “an excellent way to initially projaoiv a system works looking at specific roles aod they
interact with the system as well as other role§).(2OSD can “identify roles and actors within fiystem
and contributes to identifying connections betwiarse roles” (6). A POSD will take interactions gy
grouping, can simplify a RAD to highlight the essalroles and interactions (31). Surprisingly, dese of

role or actor discovery was not really mentioned in the contéhthe SystemRAD and the xMDA method.

Some notations demonstrate that, by having altenpladses or steps, the issue of moving from asatiysi
design can become simplified. The xMDA method nigtatioves the RAD through a three-phased approach
in moving to design (1, 14 and 41) making it “v@gwerful” (4). This gives it an advantage simplyaese

of the conversion in “small stages” (20), whicloal$ for the identification of the system bound&¥)( The
B-SCP framework also contains three stages of syratemtext and process for an “integrated mode)” (1
The SystemRAD approach moves from an analysis tersyRAD, then Use Case (6), much like the POSD
approach moves from analysis RAD to POSD, then Use (Cial). One student suggested that such

abstraction can help in consideration of the P®,groblem complexity can be removed by sub-digdhme

252 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

process (43). Other students viewed this to bdtevare process issue, as much as notational. “@tteeo
main issues in moving from analysis to specifiaatmd design is not separating these tasks profgabth
stage is a separate task in its own right and shmaifocussed on individually to ensure accuracy akole.
Blurring the division between these can result inn@ecurate, out of scope view of what the systeaukl
do” (15). Student 34 concurs where it is said ttred main thing to be noted here is that each sheald be
kept completely separate and not combined. Onlg dine issues within the PD have been identifiedraavd

requirements drawn up for the new system shouldpleeification section come into play” (34).

As previously mentioned, notations can be enhamgtdthe inclusion of colour coding, numbering &hd
application of meaningful naming conventions in teatext of transformation as a means to increase
stakeholder understanding and this was recognigediumerous students, most likely due to this
information being made directly available in theis® material. Colour coding and numbering can ke trs
identify which parts of a source model relate tachtparts of a target model after a mapping pro¢2ss,
10, 16, 18, 19, 21, 23, 27 and 45). POSD can bareu by the use of meaningful naming conventions f
the bundled interactions (3, 7, 15, 27 and 35)@udusing logical naming conventions no matter et

method can result in a preservation of alignment (8

Models are of course visual representations thiat$implify the understanding of a process. Thage
discussed on colour coding, etc. are further visgalesentations used to help facilitate underatgnaf the
mapping process. This is an important point to nakee much appears to indirectly rely on thesealis
representations. RADs are visual representatidheobusiness process (1). POSD can form a visual
abstraction the RAD (1 and 3). Use Cases are usgitld@ visual overview of the “functionality prowd by
the system... in terms of actors, their goals whighrapresented as Use Cases, and any dependencies
between those Use Cases” (14). It is suggestedhisathould not be neglected since, to “enhancereott
understanding of the problem domain between pattiesresults of phases are visually representedidin
models” (33).

Richness

The second theme that was discovered was thedéviehness incorporated in notations used in mgvin
from analysis to design. Over 40% of participademntified the significance of a rich analysis and
specification process in order that a useful desgthieved. 57% of the students considered aopénts
achievement relates to the discovery of the systeamdary, with the same number recognising thagla-h
level of abstraction could help the process.
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Notation

This support of richness was first and foremoshtbto be the onus of the notations used in mowrgesign
models. A difficulty found was that process modgtaply do not provide an adequate data descriftiah
therefore, it is next to impossible to transforragh candidate models into useful designs. Thisdaulrse
subsequent modelling activity is concerned with alliiy system activity (2). The RAD does not deiseri
“what is actually taking place” in terms of systérmputs and outputs (11 and 27), such technicaildsta
“omitted” (37). The POSD technique does not “ofi@rexplicit method of moving from specification to
design — relying on practitioner’s ability to deziglasses from Use Cases” (33). Use Cases are sedjtest
be better than the RAD at describing system act{\lity and, therefore, can facilitate the move tsigieand
the derivation of classes (33 and 46). To resdii®issue, a clear indication of “what data is ittedi and

outputted and how the interaction takes place n&ebe described” (11).

Conversely, whilst there is this focus on a dataideson (or lack thereof) in moving to design, rhuc
attention was also found to be directed at therg#gm of notations and associated elements vegard to
the ability to match real-world concepts suchi@ss andinteractions RADs were highlighted as being
useful because they were found to be capable ¢figag such complex relationships (1, 6, 12, 14,38, 37
and 44) and “can be a very good way to show depmiel&’ (44). Focussing on roles and interactions is
“important to ensure that the specification anccpss model stay aligned” (18). This is vital sitieese
relationships are required to be “captured insigte (6). Therefore, RAD techniques (such as POSD,
SystemRAD and the xXMDA method) are considered ap@@pmechanisms as “they are focussed around
user roles and activities, not classes” (8) and ‘fo@del a very detailed level of interaction wheeded for
the more technical people that will be building ystem” (37), whilst facilitating dependencies)(44se
Cases suggested to be flawed because they do ‘imioireahe rigor of business process modelling like
RADs” (33); specifically such behavioural dependerdR1 and 33). A mechanism suggested in Kanyaru
(2006), Kanyaru and Phalp (2005, 2009) can be tssedhance the Use Case definition to capture
behavioural dependencies (1, 3, 5, 6, 19, 21, 8848 by introducing pre and post states to Use Case
descriptions (5, 6, 10, 19, 28 and 37) “providimgnzooth transition from analysis to specificati¢h). This
may however, introduce “unneeded complexity... muadte it unusable with the client” (37). Issues that

cannot be accounted for by notations are tradilipfimcluded as notes” (7).

A further notational consideration made was idédifas the notation’s ability to recognise flawsiimalysis
and specification. RADs were suggested by some t@heuseful in uncovering process flaws (6, 13,28
28, 35, 41 and 46) and identifying process enharotsr(6 and 28). A Use Case does not necessamdy cat
for this and, therefore, the importance of analistsighlighted if any transformation into a Use €&sto be
conducted (28). This is because faults in the Use Uaave the potential to cause a lot of damagmirally

if not detected until a later date” (43).
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Requirements & Specification

Richness and quality of designed systems was undersd be related to the attention that is plaged o
analysis and specification. “The stages are itegaind rely on the output of the previous for tipeoduction;
having greater understanding of the original prob$hould respectively facilitate a better solutystem”
(30). Student 40 concurs by suggesting that ‘fitisessary to have sound business goals” when méraimy
analysis to specification, and that these goald t@ebe mapped across in the process (40). It uggested
that research in the area of IT project failurgsores that “requirements and people problems” @tegral to
such failures (2), supported by Al-Neimat (20053piielman et al. (2006), Lavagno and Mueller (2006),
May (1998), Phalp et al. (2007), Poernomo et &08), STSC (2003). Through thorough analysis, f@mwisl
can be avoided (8, 11, 15, 17, 20, 27, 30, 37 &ydidading to models that account for “real-worttivities
(8) and the alignment of the business processIwitmplementations (17), rather than the use ofvsairfe,
“which far exceeds the business needs” (11). Whemptoblem descriptions are “detailed and cle&e, t
process of moving from analysis to specification ba “fairly straightforward” (8). However, it immmon
that descriptions are not so clear; requiremerms\alatile” (19) and reliance is placed on soluatio
mechanisms to assist in the resolution (43). plasisible to move directly into Use Case modellirigere
systems are not complex (24 and 36). However, RABsiseful in that they can expose “complicateddssu
(24 and 36). The xXMDA method makes considerablerefb guide the user from analysis through toglesi
(31) and offers “a way of producing a firm foundatiof analysis through to specification and desig4).
Other methods, such as the Problem Frames appnehgion a prior understanding of the applicatioméin
(46). However, one student highlighted that ihiportant to recognise that many alternate defimdtifor
requirements and analysis can make it “very hask®where analysis ends and specification be(®43”

System Boundary & Abstraction

Specification is the stage where the system boyridatecided (37 and 17) and this is an important
consideration (19 and 43) because only some belsvitescribed in analysis involve the system (405,
21, 24, 29 and 30); supported by Génova et al.3g®0useibeh and Easterbrook (2000). A difficulty i
presented when a semantically rich notation, ssdh@RAD, is used during analysis to provide bigsne
process models, but is not rich enough to desthibsystem boundary (1, 3, 10, 14, 16, 24 and 36) a
transforming a RAD directly to a Use Case can reauhtie system boundary being omitted or inadedyate
described (6). Use Cases are rich with notationceifit for describing the system boundary (1, 44,16,
21, 24 and 25) and one solution to defining théesgsboundary is via the intermediary technique PQED
5, 14 and 41), which facilitates the transformatidiRADs to Use Cases (36). However, the system tsoynd
of a large system was perceived to be very hadgtoonstrate using POSD (3) and, as previously ndted
POSD was not seen by some as being a “completeti@olto identifying system boundaries (19, 36288
41) to which the xXMDA method addresses (36). Andntgnt recognition made by one student was that,

because POSD acts as an intermediary between Bsiarmocess and a specification Use Case, thétaasu
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Use Case is not specification at all, but a Use @gsesentation of an analysis model, and therefomnee
further evaluation of the Use Case is required (fdg SystemRAD approach and xMDA method are
designed to apply the system boundary notion t&#&P (1, 4, 5, 6, 10, 14, 16, 19, 21, 24, 25, 28,38} 39,
40 and 42), the main difference being that the SgRAD suggests a transformation to Use Case to ctenple
specification (which is similar to POSD) (10), wikas the xMDA method, whilst requiring three relaiD
descriptions, does not (5, 6 and 25). The xMDA roétttan identify the system boundary and illustrate
relations and processes to depict Use Cases, Clagsadis or Activity models” (36), having the added
benefit of being aligned with the MDA, meeting “theeds of the IT system by providing a solid aesttiire
of the objects within the system boundary” (3). Ghelent highlighted that “the same issue is coming
through in all the possible different mechanismisiclv is how to define where the system boundafgris.
RAD” (24).

Another interesting observation in consideratiothef movement of models from analysis to designtivas
richness included in the context of model abstomctihe RAD includes complex interactions and astion
that detail the entire process by role (13). The Qase abstraction is “closer to the user thaneto th
implementation” (2), with activities being assigrtedactors. Moving from RAD to Use Case is challeggin
because the complexity of the RAD is not always faéld 3, 30, 35, 38 and 41). The POSD method engploy
“a range of viewpoints” (41) and a grouping meckenivhich seeks to alleviate this difficulty by absting
away the process detail, simplifying the RAD andspreing mappings as shared components (1, 2,12, 8,
13, 14, 15, 17, 24, 25, 30, 31, 32, 35, 36, 3739841, 42, 44 and 46). A weakness of the POShaodedf
abstraction is that “there can be inconsistentlteoEabstraction in the transformation; Use Casesiaually
made up of multiple actions and interactions batelcan also be some that only model a singlegiatien”
(44). An important point was made by Student 27 rn&l@ox et al. (2005b) were quoted as saying that
“abstracting away the hard or confusing parts efgtoblem will only lead to an inadequate delivered
system” (Cox et al. 2005b), which could be truehaf POSD method if used incorrectly. One student
suggests that “a consistent level of intensity Wallow for an ease of understanding between diffetypes
of modelling, enabling for an accurate represematif the problem within the specification and desi
stage” (17).

Transformation, Traceability and Interoperability

Issues in moving from analysis to design were fonide centralised around the transformation, ahitity
and interoperability of solutions. In particulaimast 47% of students highlighted issues surrounthie
preservation of information during model transfotimas, with the majority (57%) suggesting solution
mechanisms can address the issue. 57% also hitgdigiat the difficulty in such preservation isated to

modelling notations being orthogonal, with over 46étieving that available mechanisms can help atrogd
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danger via intermediate techniques, facilitating ttove from RADs to Use Cases (62%) and those which

move directly to design models such as the UML (b1%

Transformation & Mapping

When transforming between models and domainsjntfp®rtant to retain as much detail as possiblédnab
important requirements do not become lost in tetiwsi (4, 6, 7, 9, 10, 14, 18, 19, 20, 23, 28,39,31, 32,
33, 35, 36, 37, 38, 39, 41, 42 and 44). “An issumoving through the phases is that they are diffiein their
levels of abstraction and therefore create thelprolof establishing a level of detail” (30). Thésa complex
and difficult task due to the fact that source tardet models commonly originate from alternate
environments. For example, a role-based analyséeh{®AD), a procedural specification model (Use Gase
and an object design model (Class) (2, 3, 4, 50812, 13, 15, 17, 18, 19, 23, 25, 26, 30, 3538742 and
46). “Naturally this provides a problem when tryitagpreserve mappings. This is what is known asgoan
orthogonal problem. Essentially these models agd irsthe knowledge that they can be unrelatedy; thss
is compounded by the available “array of modeltechniques” (2). Therefore, it is argued that mgvin
directly from a RAD to Use Case can result in a fssformation (6, 10, 18, 20, 24, 30, 37, 38 adjl 4
because the complexity of the RAD is difficult talise in a Use Case (7, 10, 28, 34, 38, 44 and%ibg
mappings between the states, action and commuorisagire impossible to represent within a Use C&&)’ (
Process models may also include many PD relatedgaitibs which further complicates the mapping for
developers (14, 15, 32, 43, 44 and 47).

Mechanisms are available that propose to assibisnrmapping process in the preservation of infaioma(4,
5,6,7,8,9, 10, 13, 15, 17, 18, 19, 20, 212829, 31, 32, 34, 35, 37, 39, 41, 44 and 46).PB%

method that attempts to resolve the issue of mofvorg a RAD to a Use Case to reduce the risk of
information loss (4, 6, 12, 13, 15, 17, 19, 20,253,28, 29, 31, 32, 39, 44 and 46). “By expressiigs
sharing behaviours with other roles (via connedjdhe transition becomes more simplified as thppimgs
are preserved between the models used” (13). Hawavess of information can still be experiencedhe
grouping of interactions (29, 31 and 42) whers found that “certain actions of the system carolrexso
generalised that they are lost in the process eerdtadentified in the Use Case” (38). This is madsier by
the use of meaningful naming conventions when nrap(8). As previously noted, the POSD method also
neglects the system boundary (39). A SystemRAD eamskd as an alternate intermediate technique in
moving to a Use Case, which provides a mechanisiefioe the system boundary and traceability froen th
Use Case back to the RAD, ensuring information Isssinimised (4, 5, 6, 16, 19, 25, 28 and 29). Havev
“when it comes to moving from the SystemRAD to ac#jisation format like Use Cases — there will b@ssl
of information that can be displayed on a RAD baiton a Use Case” (10). The Problem Frames approach
proposes to assist the move from RADs to ProblesimEs (12 and 34). “It has been suggested usingad se

specific activities, in an iterative approach, lo§information is reduced” (13). However, this imed “has

257 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

issues relating to the potential loss of importdegign domains” (33), and a context diagram isaheays
helpful with this (7) Framingfor some, proved to be difficult (14). Use Caseasloa enhanced with the
addition of pre and post conditions and structlgrdlish to help reduce the loss of information fgluding
a greater amount of detail inspired by the procesdel (5, 7, 10, 18 and 39). However, Use Cases are
typically “ineffective as they do not have a precsgction for requirements of different stakehat€s1).
The xMDA method provides direct mappingmechanism from model to model through specificgtrather
than the OMG'’s argument for objects, ensuring tlesgrvation of information (21, 33, 39 and 25). The
method “models all the information required to proe effective designs” (4), “although there aretaf
rules to follow to ensure detail is not lost” (This makes it easier to transform from analysisystem level
models (1, 6, 25 and 38), providing a conduit @M of the MDA (21 and 44).

It is further suggested by (6 and 8) that the dsaeathods in combination can help to reduce the tds
information when moving from analysis to specifioatnotations. However, no matter the method or
combination of methods chosen, it is considerecntamt to guarantee that “effective mapping is utadken

to ensure consistency and accuracy between mog@ls”

Traceability

As discussed in the previous section, the corraosformation and preservation of mappings betweetels
is an important consideration. It follows that treceability of such transformation and mappingls®
highlighted as an important issue in moving fromalgsis to design. This ideal relates to that ofueing what
is required by stakeholders, results in implemémtat and that “when managing the creation of a new
system, issues often arise due to the lack of tgaks used to ensure traceability between certzsgs of
the project lifecycle” (23). Traceability is diffidt to achieve for the same reason mapping is;uszaf the
orthogonal nature of modelling notations involvadg, 8, 21 and 37). One student writes of RADs @sel
Cases that it is possible to “map between the twihaaks but ultimately they represent different tisiagnd

this is one of the major problems as modellers axestwith traceability” (2).

Further to this, process models are likely to eigmere changes (Kavakli 2004) “and it is unrealistiexpect
it not to” (10). Ideally, changes made in a sowctarget model will reflect in all related models
automatically (Koehler et al. 2007). The complichtature of mapping makes this task difficult, 6t n
impossible (2, 3, 8, 21 and 37). However, it caa dided with automated case tools and other madelli
applications” (8). As previously mentioned, Systeni®&/Acan cater for such traceability through simpsei@!
mechanisms such as colour coding each related R&dBaiction and then relating it to a Use Case (2.
BSCP approach addresses traceability with the iratusi the three themes of strategy, context andgs®
and “having a means of cross referencing” (8) betwaemes and notations. Refactored transformafiities

the xMDA method) approach traceability by focussimga single form of notation (the RAD) (9 and 203e
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Case states can enable traceability to the RAD usfogmation taken directly from the process mad&

and 21). POSD approaches traceability by ensuhiegetare connections between the Use Case and RAD by
creating “smaller behaviours” that reflect the daththe RAD onto the Use Cases (21 and 23). “A jidss
solution of transitioning from the analysis stagdtte specification stage is through gatheringathedysis
interactions into specification events and bundtimgrelated actions in the analysis phase. Theegsoof
grouping lower level actions and interactions tir&t related from the analysis stage not only helgseate

the specification but also helps to ensure tratiabetween the two phases” (30).

Interoperability

The solution for successful transformation, mapging traceability of models may lay in the abibty
modelling techniques to be interoperable with oteehniques and software design processes, siaddeh

of a single generic language that is adaptabldl ts @anrealistic (Jouault and Kurtev 2006; Mattss al.

2009; Rombach 1988). It is possible to move fromA®Rlirectly to a Use Case, the enactable Use Case too
can also be used to move from process model tdJdse (7 and 16). However, as mentioned previousy th
can result in a loss of information (15), even wtite application of the enactable Use Case toothtAlgh
direct mapping can bring benefits, it is also wartimsidering whether it would be more beneficialise an

intermediate notation to assist with translati@mnfranalysis to specification and design” (16).

POSD was highlighted as an intermediate techniguadst, enabling the transition from a RAD to a Use
Case (1, 2, 4,5, 6, 7,18, 19, 20, 21, 23, 2428529, 30, 31, 33, 34, 36, 38, 39 and 40). Use Ceee then
be used for class discovery. However, it was ntitatithe POSD method does not offer the expliaitgition
to design models, leaving class discovery to theldper (33). SystemRADs again allow the transfoiomat
to Use Case (6, 7 and 16) and have the benefitavfrghsimilar notational constructs with the RAD.
However, a Use Case is still the target platformre XRIDA method does not require transition to UseeSas
(4,5, 6, 23, 25, 29, 31, 40 and 44) to completentiove to specification (although it can generdiisa Case
from specification if required (20, 36 and 40)) dese the thoroughness of refactored transformatiegates
the need for other intermediate diagrams (suchsas@ases) (9); this is a subject that “causesd itbate
as Use Cases are popular in industry” (7). The “puefirovides a decreasing level of abstraction and a
increasing level of system requirements detait amies towards its culmination Machine RADs&nd
[could] possibly [be] augmented with [the] analysfsStrategic Dependen@ndStrategic Rationalevhen
defining requirements alongside SEAM (Strategicepise Architecture Method) to ensure alignmerthwi
business goals” (40) - see Wegmann et al. (200®7)2or more information on the SEAM. Further tésth
the xXMDA method defines specification right intcsam, allowing for the derivation of specificatibased
system models (3, 4, 5, 6, 7, 19, 20, 21, 23, 8429, 30, 31, 32, 33, 36, 37, 38, 39, 41, 42 afd/i&
Transformation and Platform Information. StudensBggested that design models could in theory be

extracted anywhere along the process (39) witlagptication of such information. Student 8 repored
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successful application of the transformation rueeverse, deriving a RAD from a Use Case, giving an

indication of the dynamics of this method in terohsnteroperability (8).

Approach

Analysis of the student feedback resulted in tleafification of noteworthy areas surrounding thpligation
of approaches that have been discussed in theopiesictions of this appendix. In particular, alrd@&$6 of
students felt on reflection of what was presentetthém that alignment plays an important role irvimg

from analysis to design. This is perhaps expeatedidering the importance placed upon transformaditd

traceability in the previous section.

Software process

Surrounding the issues of moving from analysisasigh via specification is the consideration ofaktual
software processes that stakeholders must alserubmtith. Alternate software processes will be usihin
different organisations and projects, albeit tiad#l or current model driven approaches. The teleof
software process was felt to influence the sucoessilure of the project (2 and 15). This is besmsome
software processes will facilitate approaches aadhanisms better (or worse) than others (26). kKamele,

in the MDA, the CIM is described as disconnectednftbe transformation process of the PIM and PSM, (21
supported by Section 6.1, Fouad et al. (2011), QR3b), and therefore any approach involving tH2Avi
will find difficulty in making this connection, fowhich the xMDA method is designed to apply (33).

In view of the difficulties in moving from analysis design, it is suggested that the selectionathod,
approach and/or combination should be dependetitensituation (33). One student writes that “thesiion
of moving from analysis to design presents manumments from many alternative domains, such as RE;
BPM; and the Software Process... the answer is ifngutbgether all the pieces of this puzzle, frororeaf

the domains” (2).

Alignment

The crux of the issues surrounding the move froadyais to design according to the students seerns the
need for an alignment between what software systepresent and what is required by business (Fetald
2009; Fouad et al. 2011). This was experiencedaménation of texts relating to transformation and
traceability, and now corroborated with evidencggasting such alignment to be the resulting idea2( 3,
5,8,9,11, 12, 15, 16, 17, 18, 26, 28, 29, 3033340, 44 and 45). Student 44 writes that fitiportant
when moving from analysis to specification and gedd ensure that there is alignment between the IT
system and the business goals and needs” (44)ei8t8 concurs by saying that “business needsnbssi

processes (including business process models)todelin correlation to the IT system and havecuiate
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representation, in order to meet goals, requiresnand expectations of the client and provide aessfal

architecture” (15).

Such representation is addressed by the discuskéibs mechanisms, mainly in the form of transfative
capabilities. B-SCP integrates techniques to entberalignment of IT with business strategy (1,3, 3
and 45). POSD attempts to maintain abstract coimmectvith logical naming conventions in a view to
address business/IT alignment (3, 8, 15, 16 andUsg Cases can be enhanced with pre and posticmsdi
to help with alignment issues (16, 18 and 29). $fistemRAD addresses alignment by insuring process
information is transferred to specification alonghvthe system boundary (16). The xXMDA method rneiirg
this alignment specifically via a model driven apgech (6, 18, 26 and 33) by guiding the user through
different RAD incarnations based on analysis, engualignment is addressed in design (1, 3, 18 n8048).

Applying such solutions “will remove any inconsistées and ensure alignment between analysis and
specification leaving us with an accurate overviduhe business’ system requirements” (16). However
achieving alignment can, with most methods, bena ttonsuming task (2, 7, 18, 19, 23, 24, 30, 33334
and 47) and may result in a combination of methmmisg applied for successful alignment (12). POSB w
considered favourable to Student 23 since “it bdlless time-consuming” (23). However, in suppbthe
XMDA method over other methods, Student 24 writed the method seems “more flexible in the long run
and will save time on larger projects” (24), perhaping automated to reduce the time and risk w@ebin
attaining alignment (30). Student 33 goes a stepdu suggesting that the time taken during an xMDA
transformation is “the strength of this technigeedwuse it forces the analysis team to put condittera

thought into the problem” (33). Of course, all bistremains to be proven in commercial application.

Tooling

As previously mentioned, tool support could faatig the integration of these mechanisms into real
implementations. Although far less of a concemumber of students discussed the available appesaatd

suggested that alignment could be helped withritreduction of tooling.

The xMDA method described as currently in a conggpgtage with no tool support available (3, 4)isTh
means that the method is manual (30, 31, 32, 3Zd4hdSuggestion given is that an automatic apgproac
would not be possible due to the nature of trams&tions and importance of human interactive degisio
making in the move from analysis to specificatiBn4, 23, 38 and 44). Therefore, a semi-automaticaach
is considered as an appropriate direction for &rrtkesearch in this area (3, 4, 23, 32 and 44)e1Gth
suggested an automatic approach was viable, antfiweduce both the time taken and involved risk (3G
advantage of this is that any model output fromxt®A method (via XMI) could be used with MDA

applications for future model-to-code generationd36 and 33). The enactable Use Case tool is an
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automatic approach (3) and is available to alloersi$o investigate process and specification soistvia
the modelling of dependencies (3, 7 and 47). Altfio8tudent 47 mentions further work is requirede;rif
used incorrectly, the resulting Use Case could simgpresent the process and the output from automat
may be “pointless” (47) because it does not sawe;tStudent 18 mentions that no “real” (18) tooks a
available, perhaps eluding to the fact that thistmaism is not included in any COTS Use Case software

POSD has a manual approach to transformation (3amsformative tool support is available.

It was notable that most of the attention for toglivas placed on the xMDA method; few ventured to
consider that most mechanisms lack architecturéltaol support which could be a general concern for
research in this area. The focus on the xMDA metttadd also suggest it is at least viable as ancu

and a candidate for tooling.

Maturity

The last area of consideration when discussingeagbies to move from analysis to specification fedo
directly from the end of the last section of thipandix, where it was highlighted that supportdarhitecture
types and tooling was missing, or at least immatwita respect the presented solution mechanismgad
argued that further research into guidelines wasired if the Problem Frames approach was to be
considered further (33). Proof of the alignmentadslities of the xMDA method needs to be made kefor
acceptance is made that this method can be héfpfldriving design models (39). The issue being tiha
isn’t a mature model or a complete method” (47)chaooncern was raised regarding the applicatiahisf
approach to enterprise systems (3, 23, 31 andad{h) another feeling the method could “save timdayger
projects” (24). The POSD method is also compromisethe lack of academic work (47), let alone real
application, and came upon the same criticism diggrapplication to large systems (3). It appedifsdit

to know exactly when to stop including behavioutew creating a POSD. That is, no direction is given
ascertaining the most suitable abstraction le¥elvérything is included, especially in large syste most
behaviours will contain promises with each othad aumerous sub-behaviours; this compounds the issu
and will certainly be difficult, if not impossibl® depict. The authors call this a “topologicaBug which
remains unresolved (Henderson and Pratten 199bgrO©argued that POSD is suitable for large
implementations (24 and 37). Indeed, this notionasfcern for application to large enterprise systéias
been generalised and applied to all identified raaidms, with one student saying that they will §owork
with small less complex systems” (25).

It is these larger organisations that require “Sohs for business integration... unbiased in regtodke
technology and manufacturer” (26) and it is impetrta realise that “all of these mechanisms hawenbe

created to satisfy the academic community andhebtisiness as a whole” (42). This illustrates helilst
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methods may be academically sound, practical agijidic and demonstration is required to substantiate

claims.

Solution

Overall it was expected that most students woudgjest that a combination of alternate methods, ritipg
on the project and software process, would prothéebest solution in moving from analysis to speatfon
and design. A striking observation was that ovén3ff students reflected positively on the xMDA neathas

a solution; which was more than the expectatiohdt@mbination of methods might be the desiraP884).

POSD

Several students (12%) identified POSD as a predamethod of moving from analysis to specificatb8,

17, 23, 34, 37 and 44), citing the methods atterttiopreserving alignment between business praes$T
models (15, 17 and 23). One student wrote thaP®8D method seemed “the clearest and most obviays w
to transform [the] RAD into Use Cases” (44).

SystemRAD

The reception of the SystemRAD was a little mor@giminting in comparison with the other techniques
with only two students highlighting the benefittbé SystemRAD, and even then, suggesting that ibthig
beneficial to be augmented with other techniquewrder that a complete specification is deriveddhé 28).

This was perhaps due to the overall lack of pubbosand awareness regarding the technique.

XMDA

The xMDA method received the strongest support witbr 31% of students identifying the potentiatioé
method (1, 5, 7, 14, 20, 24, 25, 30, 31, 32, 3338639 and 47). One student suggested that the&xM
method “is a logical and relatively simple appro&ezimoving from the analysis stage all the waydsign”
(30).

Others

Other students looked towards alternate technitjusslve the difficulties in moving from analys@design.
Student 45 suggested that Goal Modelling “wouldbigable” (45). Another felt that the architectuchbice,
such as the MDA, could provide sufficient facilitet in moving from analysis to design (26). One tven
further in questioning whether or not a transfoimeimove from analysis to specification was neagsisa
the first place. “Arguably, a analysis model sustadRAD could be used to create a set of requiresvaart

details in the form of something like a checkhghich could then be referred to when building Used3a
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from the specification to ensure nothing is missetland forgotten” (44). However, it is noteworthwat no

strong feedback was received to support the us¢éhef techniques rather than those presented.

Combination

It was found that, despite some students consiglenm® technique as more appropriate that othegs, th
majority of those not identifying the xMDA method an overall solution to the presented issuestfatta
combination of techniques, dependent on the sinatvould be fitting (1, 6, 10, 12, 13, 14, 18, 28, 29,
32, 41 and 46). This is because using any techratpree “could result in neglecting critical aspeuft$T
requirements analysis” (1) with one student sugiggshat “the key is to use a combination of these
methods” (10).

264 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

265 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

266 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

267 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

268 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

269 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

270 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

271 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

272 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

273 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

274 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

Summary of Discussions

After a series of elicitation meetings with the Mership Manager of The Club at Meyrick Park overa t
month period early in 2010, eight process modedalted. These models are included in the first paittiis
appendix, capturing the compléftembership Salgsrocess. The purpose of this section is to pro&ide
summary of the elicitation process and some feddfsam The Club at Meyrick Park in terms of this pess

and the application of produced reference models.

Initially, process discovery and capture was ingeséd with the Membership Manager using a middie-o
analytical technique. That is, the Membership Manadentified several procedures which were ingeséd
in turn by identifying inter-process dependencied expanding the level of detail defined for edaternal
activities and interactions were built upon unsteznal entities and collaborations were reachéis T
resulted in the achievement and verification obmplete process architecture for fembership Sales

process by the Membership Manager.

Simple natural English text documents were firgtd® describe behaviours until enough information
became available to produce foundation RADs of thet®viours. In an iterative nature, the Membership
Manager produced text and received RADs in retubretgerified. Upon receiving the initial RADs and a
brief explanation of the notation, the Membershigndger was able to review and adjust the RADs fo the
satisfaction, thereby demonstrating the benefihefnotation being both easily understandable aqdiring
little or no training to use. The Membership Maragescribed the process of elicitation as beingtinaly
pain-free; meetings were easily accommodated andrdentation was able to be shared and discussed via

email and in person.

Initial textual descriptions outlined by the Mem&lgip Manager produced rather sequential RADs. Howyeve
upon reviewing and applying the RAD notation, thenMbership Manager was able to account for event-
based and non-deterministic activity using the RA@ger and the undefined notational elements - for
example, see th&ppointments and Walk-Ins Process Model (05/006¢ Membership Manager considered
this to be useful since the processes, when destsbquentially, became overly complicated. This wa
because certain activity did not necessarily flavaisequential manner; the undefined notation aitbw

activity to be described without such constraint.

Upon completion, the process models (as includedisnappendix) were formally presented to the
Membership Manager of the Club at Meyrick Park ibraary 2010. From initial conversations with the
Membership Manager, the models were successfudlgl testrain new Sales Advisor employees in the

Membership Sales department. The Membership Marstgbe time said “we had a new starter [just after
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process models were presented]... As a manager][ttieeprocess models] were very helpful in

demonstrating the process... and outlining [the nawtesr’s] responsibilities”.

Further discussions over the period after theahétpplication revealed that both the new Salesigaits and
the General Manager had reflected positively ordttiumented processes. The Membership Manager
advised that the new Sales Advisors had said theeps models made it easy for them to visualise bles
and were very useful for them to refer to as akli®do ensure they had completed all tasks mgptd the
process, and as guidance to which tasks were sshtarbe completed when uncertain about the protéss
General Manager, who had initially requested thatNMlembership Manager undertake the task of
documenting completelembership Salegrocess, was said to be very impressed by thétyjoabrocess
models produced and the use of the diagrams fermat documentation and training purposes. The
Membership Manager advised that the process madelil remain documented internally for that purpose

In the morning of the»August 2011, a final meeting took place with theribership Manager who took
part in the original elicitation process to disctiss success and future of the process model apipiicwithin
the organisation. The Membership Manager spokeipelsi in terms of the application within The Club a
Meyrick Park and advised that they had since mavetb manage a larger Membership Sales department i
an another organisation related to Health and &stfigcilities. Opportunities of documenting newqasses
for that organisation using techniques describethlsyresearch were raised by the Membership Maregt
discussed. However, this time there was interestaming a step further; since the organisationdaaky
documented processes and, with process flaws beitegl, the suggestion was to document the current
processes and use the process models to re-engtregmlined processes for efficiency gains, peshesing
ideas of the LSS method. This is useful in dematisiy the successful application of this researahlays a
foundation for future collaborations related tcstheésearch.
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figure 4-1, Environment RAD for the Follow Up Calbpess.
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figure 4-2, Shared RAD for the Follow Up Call process
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figure 4-3, Machine RAD for the Follow Up Call proses
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figure 4-4, UML Class Diagram for the Follow Up Caliggess Machine RAD.

281 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

$ 3;

<;(8 o (]

282 of 333



Ali Fouad (4095780) ‘EmbeddingdRéements within the MDA’

Role2Class

The first rule describes an unconditional mappihg BADrole to a UML classas illustrated in figure 5-1.

%

figure 5-1, a RAD role to a UML class relation.

Most cases will be required to hold true whenRlmée2Classelation holds between the role and the class
containing the activity. Since this is the case,Rble2Classelation is defined as a top-level relation,
requiring to be held true fall relations in a transformation. This relation isndmstrated in QVT-R textual

syntax below.

top relation Role2Class /* map each role to a class  */

rn = 'String’;
{
checkonly domain rad r:Role
{
name =rn
}
enforce domain umlicd c:Class
{
name =rn
}
}

That is, patterm binds the variablen to the role model elemenameand patterrc binds the same variable

rn to the class model elemamme resulting in botmamemodel elements in the role and class elements of
therad andumlcdcandidate models containing the same informatiersn. Each domain is annotated as
Checkonly(for verification against the rules) aktforce(to create or change the target model according to
the relation — that is from the RAD to the UML).

There is no complication involved in definiRple2Clasgransformation; only a single attributeafng is
required in the relationWhenandWhereclauses can also be applied to “explicitly coristthe relation”
(Ignjatovic 2006) and may be formed using “arbir&CL expressions in addition to... relation invocatio

expressions” (OMG 2008b). However, no such expoassare required to further elucidate this rule.
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IndependentActivity20peration

Since theRole2Classelation has been defined as a top top-leveliogiathelndependentActivity2Operation
relation is required to hold only when tRele2Classelation holds between the role containing the

independent activity and the class containing fheration. This relation is illustrated in figure25-

%

figure 5-2, a RAD independent activity to a UML &tien relation.

The QVT-R that represents this relation is not defias a top level relation, as it is not a requénetnior all
other relations, since the transformation is depahdn only the involved independent activity asdaziated

operation. This is reflected in the following deption.

relation IndependentActivity2Operation /*map each i ndependent activity to an operation*/
ian = ‘String’;
{

checkonly domain rad ia:IndependentActivity

{

name = ian

}

enforce domain umlcd o:Operation

{

name = ian

Note that in the guiding rules, it is advised thatew class and association may be generated showldject
result from the independent activity. For examfile,independent activityrites reportcould generate a

report class and an association to that class. Thereddditional relations need to be defined.

In this case, the QVT is described by the followiwg relations.
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%

— where

IndependentActivity2Association (ia, ia2a)
figure 5-3, a RAD independent activity to a UMLsdaelation.
Figure 5-3 highlights the relation that describew/a class might be generated fromiradependent activity
When the relation is true, th¢hereclause is used to apply further conditions. lised in this case to

describe that whenever thedependentActivity2Clas®lds, thdndependentActivity2Associatioalation
must also hold. The associated QVT-R descriptigmasided below.

relation IndependentActivity2Class /*map each indep  endent activity to a Class*/

ian = ‘String’;
{
checkonly domain rad ia:IndependentActivity
{
name = ian
}
enforce domain umlcd ia2c:Class
{
name = ian* /*must be amended to reflect object (no  un)*/
}
where
{
IndependentActivity2Association (ia, ia2a);
}
}

Figure 5-4 illustrates the graphical syntax for $keond relation dhdependentActivity2Association
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%

— when

IndependentActivity2Class (ia, ia2c)

— where

2Multiplicity (ti, mu)

figure 5-4, a RAD independent activity to a UMLasation relation.

Similarly, this relation is defined with the assateidWhereclause requiring that where the
IndependentActivity2Associatioalation holds|ndependentActivity2Clasaust hold. The description of the

2Multiplicity relation is included here to account for multiyigdn an association, which is described later
in this appendix. The QVT-R for this relation is deised below.

relation IndependentActivity2Association /*map each independent activity to an association*/
ian = ‘String’;
{
checkonly domain rad ia:IndependentActivity
{
name = ian
}
enforce domain umlcd ia2a:Association
{
name = ian* /*must be amended to reflect transitive verb*/
}
when
{
IndependentActivity2Class (ia, ia2c)
}
where
{
2Multiplicity (ti, mu);
}
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Although these two relations are useful in desnghhe rule, the choice of which rule to followtl& onus of
the user and therefore any software implementiegehrules needs to account for that by employing a
mechanism to accept user input in deciding transition outcomes via on screen interactions, pertmaihe
form of awizard Such option is not really accounted for in QVTIRerefore, it is proposed that the

IndependentActivity20peratiaelation be applied in the absence of user input.

DescriptorState2Attribute

The next rule to be described applies to the detserstate of a RAD. It is stated that only a dgsoristate is
to be realised in a Class Diagram as an attribéerelated class. This is because $firapleUMLmetamodel
has no representation for other state types. $ivisés the case, no rule is required to be definegVT to
relate looping or line states. This relation isuaiésed in figure 5-5.

%

figure 5-5, a RAD descriptor state to a UML attribuelation.

This visualisation corresponds to the QVT-R desitnpbelow.

relation DescriptorState2Attribute /* map each descr  iptor state to an attribute*/

dsn = ‘String’;
{
checkonly domain rad ds:DescriptorState
{
name = dsn
}
enforce domain umlcd at:Attribute
{
name = dsn
}
}

A class to which the attribute is attached is rezflito have already been created which is addrdgstte
top relationRole2Classthereby negating the need for iMaenclause. Since this relation is a direct one-to-

one translation, further constructs are not reguiadthough this relation could be extended viaLtbe of
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operator types in similar to tiigaseRefinement2Attributelation (see the following section for a detailed

description of such an extension).

CaseRefinement2Attribute

This rule is used in similar to the previous intthdJML class attribute is arbitrarily applied &present
every case refinement (alternative) appearingerRAD. This is so that the system will have an aness of
state. Figure 5-6 demonstrates this rule in ViQMTI -R, with the QVT-R textual form following it.

%

figure 5-6, a RAD case refinement to a UML attrécetlation.

relation CaseRefinement2Attribute /* map each case  refinement to an attribute*/

crn = 'String’;
{
checkonly domain rad cr:CaseRefinement
{
name = crn
}
enforce domain umlcd at:Attribute
{
name = crn
}
}

Again, a class to which the attribute is attactsequired which is addressed by the top reld@ole2Class
and therefore th®/henclause is not required in this case. In reallis tule could be further complicated due
to the nature of the case refinement constructekample, the case refinement can have many atéerna
elements and therefore, an attribute may be redjtirbe defined for each case refinement element (o
option) rather than just a single attribute. Furtieethis, the data type of the element could absee been
defined as &8ooleantype to represent the true or false logic systesoaated with this type of attribute. The

QVT-R for extending this definition follows the gnaical syntax given in figure 5-7.
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figure 5-7, a RAD case refinement element to a @htiibute relation.

relation CaseRefinementElement2Attribute /* map each case refinement element to an
attribute*/

cren = ‘String’;

{
checkonly domain rad cre:CaseRefinementElement
{
name = cren
}
enforce domain umlcd at:Attribute
{
name = cren,
type = ‘Boolean’
}
}

However, these extensions have been discountechhehey are inherently design issues and the sifope
this rule suggests only that the case refinemesddsessed by an attribute in the UML (for review i
subsequent design), and therefore, further conistare not required, or could be included onlyas pf an

interactive definition dependent on user input.
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PartRefinement2Attribute

This next rule can be applied in much the same agaye previous, in that for every occurrence odua
refinement, an attribute is applied within the sldsfined by the top relation. This relation isuaksed
graphically in figure 5-8, with the QVT-R descrigi below it.

1 2&

%

figure 5-8, a RAD part refinement to a UML attributlation.

relation PartRefinement2Attribute /* map each partr  efinement to an attribute*/

prn = ‘String’;
{
checkonly domain rad pr:PartRefinement
{
name = prn
}
enforce domain umlcd at:Attribute
{
name = prn
}
}

Similarly, as with case refinements, this desasipttould be extended to account for each partaefent
(concurrent thread) element aBdoleanoperator as shown in figure 5-9, with the assed®VT
description following it.
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figure 5-9, a RAD case refinement element to a @htiibute relation.

relation PartRefinementElement2Attribute /* map each part refinement element to an
attribute*/

pren = ‘String’;
{
checkonly domain rad pre:PartRefinementElement
{
name = pren
}
enforce domain umlcd at:Attribute
{
name = pren,
type = ‘Boolean’
}
}

Again, this extension is discounted since the sadpiee rule suggests only that the part refinenbent
addressed by an attribute in the UML, which cam tlager be modified at design-time, if required.

A further construct is required given the consitlerathat composition may also be derived from
relationships that are in part-refinement. For epd@min the case th&eport AandReport Bare both written
simultaneously and then merged into another erRigport C What this is really suggesting is that for each
independent activity that results in the mergingaft-refinement activities, composition is implied
Therefore, the relation given in figure 5-10 isuiegd to hold.
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1 3& 1 3 <
3 &* 3 &
%
—
1 :3=% & =
1 3 1 83= =
— when

PartRefinement2Attribute (pr, at)

— where

IndependentActivity2Class (ia, ia2c)

IndependentActivity2Operation (ia, o)
2Multiplicity (ti, mu)

figure 5-10, a RAD part refinement to a UML comfiosirelation.

figure 5-10 shows that for each set of independetitities contained within a part refinement, whelasses
and operations are also generated for those aesivitomposite associations must also result. dt@Afing
is the QVT-R textual description that relates gufe 5-10.

relation PartRefinement2Composition /* map each part refinement to a composition*/
prn = ‘String’;

ian = ‘String’;
{
checkonly domain rad pr:PartRefinement
{
name = prn,
independentactivity = ia: Set (IndependentActivity)
{
name = ian
}
}
enforce domain umlcd pr2a:Association
{
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name = ian*, /*must be amended to reflect transitiv = e verb*/

composition = co: Composition

{
endl = ‘Composite’,
end2 = ‘None’
}
}
when
{
PartRefinement2Attribute (pr, at);
}
where
{
IndependentActivity2Class (ia, ia2c) and
IndependentActivity2Operation (ia, o) and 2Multiplicity (ti,
mu);
}

When specified conditions are required to be titveyWhenclause is used as a condition to apply the relatio
In this case, the relatidPartRefinement2Compositioreeds to hold only when tiRartRefinement2Attribute
relation holds (that is, when a part refinemendéntified and associated with an attribute). Hogreas with

previous examples, this type of relation is depehda the guidance of the user.
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Interaction2Association

This rule suggests that for each RAD interactioa,WML Class Diagram will exhibit an association bean

classes involved (as defined by the top relaRofe2Classand operations for both driving and passive RAD

interaction nodes within those classes. Therefare relations are described visually in figuresahtl 12,

with the textual counterpart following each.

— where

Interaction20peration (i, i20)
2Multiplicity (ti, mu)

figure 5-11, a RAD interaction to a UML associatiatation.

relation Interaction2Association /*map each indepen dent activity to an association*/

in = ‘String’;
{
checkonly domain rad i:Interaction
{
name =in
}
enforce domain umlcd i2a:Association
{
name = in* /*must be amended to reflect transitive
}
where
{
Interaction20peration (i, i20) and
2Multiplicity (ti, mu);
}
}

verb*/
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Note: As previously mentioned, th&%hereclause here states that this relation is extebgetie
2Multiplicity relation to account for multiplicity in an assd@a. The description of this relation is found

later in this appendix.

%

— when

Interaction2Association (i, i2a)
figure 5-12, a RAD interaction to a UML operaticglation.

relation Interaction20peration /*map each interacti  on to an operation*/

in = ‘String’;
{
checkonly domain rad i:Interaction
{
name =in
}
enforce domain umlcd i20:Operation
{
name = in* /*must be amended to reflect transitive  verb and
direct object (noun)*/
when
{
Interaction2Association (i, i2a);
}
}

It is stated that aggregation may exist in assiocidietween classes if role interactions are exahs
between two roles. Therefore, further user inpueégiired to derive such aggregation in definirg th
direction of aggregation. In this case, the retagioven in figure 5-13 and description below it uebbe
required to hold.
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— where

Interaction20peration (i, i20)
2Multiplicity (ti, mu)

figure 5-13, a RAD interaction to a UML operatioglation.

relation Interaction2Aggregation /* map each intera  ction to an aggregation*/

in = ‘String’;
{
checkonly domain rad i:Interaction
{
name =in
}
enforce domain umlcd i2a:Association
{
name = in* /*must be amended to reflect transitive verb*/
aggregation = ag: Aggregation
{
endl = ‘Shared’,
end2 = ‘None’
}
}
where
{
Interaction20peration (i, i20) and
2Multiplicity (ti, mu);
}
}
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Again, the existence of such aggregation oughetdddfined by the user, since it may not be the tage

aggregation should arbitrarily exist in all cadest troles interact with such exclusivity since sanmeractions

may be hidden, or be part of alternate processes.

Rolelnstantiation2Class

The role instantiation RAD notation describes atainse where a role may start an alternate rolarncst,

such as #roject Managerole instantiating an instance oCantractorrole (to work on a particular project).

In this case, a new class representing that instesnequired and therefore the following relatiyven in

figure 5-14 with the textual description followilitgs required to hold.

— where

Rolelnstantiation2O0peration (ri, ri20)
Rolelnstantiation2Association (ri, ri2a)

figure 5-14, a RAD role Instantiation to a UML ctaelation.

relation RolelnstantiationRole2Class /*map each rol e instantiation to a class*/

rin = ‘String’;
{
checkonly domain rad ri:Rolelnstantiation
{
name = rin
}
enforce domain umlcd ri2c:Class
{
name = rin* /*must be amended to reflect object (no
where
{
Rolelnstantiation2Operation (ri, ri2o) and
Rolelnstantiation2Association (ri, ri2a);
}
}

un)*/
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Where this relation holds, relations to create peration in the top relation class, and an asdooisetween
them, must also hold. Therefore, Relelnstantiation20OperatioandRolelnstantiation2Associaticare also
required. Graphical descriptions for these relatiare given in figures 5-15 and 5-16, with assedia¢xtual

descriptions following them.

%

— when

Rolelnstantiation2Class (ri, ri2c)

— where

Rolelnstantiation2Association (ri, ri2a)

figure 5-15, a RAD role instantiation to a UML opéon relation.

relation Rolelnstantiation2Operation /*map each rol e instantiation to an operation*/

rin = 'String’;
{
checkonly domain rad ri:Rolelnstantiation
{
name = rin
}
enforce domain umlcd ri2o:Operation
{
name = rin
}
when
{
Rolelnstantiation2Class (ri, ri2c);
}
where
{
Rolelnstantiation2Association (ri, ri2a);
}
}
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%

— when

Rolelnstantiation2Class (ri, ri2c)
Rolelnstantiation20peration (ri, ri20)

— where
2Multiplicity (ti, mu)

figure 5-16, a RAD role instantiation to a UML céaelation.

relation Rolelnstantiation2Association /*map each r  ole instantiation to an association*/

rin = 'String’;
{
checkonly domain rad ri:Rolelnstantiation
{
name = rin
}
enforce domain umlcd ri2a:Association
{
name = rin* /*must be amended to reflect transitive verb*/
}
when
{
Rolelnstantiation2Class (ri, ¢) and
Rolelnstantiation2Operation (ri, ri20);
}
where
{
2Multiplicity (ti, mu);
}
}
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Trigger2Attribute

Triggers are typically used to start a string dfvaty within a role on the basis of some eventChass
Diagram has no equivalent notation for a triggeswidver, it could be useful to record whether oranot
trigger is active (i.e. whether or not the eveiat fhstigates the trigger has occurred) to refbecthe state of
the class. Therefore, it is suggested that eagpdrielement should be transformed into an ateibfithe
class created by the top relation. Figure 5-17 riless the required relation graphically, followedthe
textual QVT-R description.

# $$ !
1 2 1 2
% "

figure 5-17, a RAD trigger to a UML attribute reia.

relation Trigger2Attribute /* map each triggertoa  n attribute*/

tn = ‘String’;
{
checkonly domain rad t:Trigger
{
name = tn
}
enforce domain umlcd at:Attribute
{
name = tn
}
}

As previously noted with th€aseRefinement2AttribuéandPartRefinement2Attributeelations, the definition
of the attribute can, if required, be extendeceftect theBooleanoperator type that would be associated with
the true or false logic system of this attributee(sections of this appendix GaseRefinement2Attribugad
PartRefinement2Attributor more detailed insights into this extension).
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Replication2Attribute

A replication node is used to record a count armbimmonly associated with a particular string afivéty
associated with a particular role. This replicatiam be recorded as artegerattribute within the class
which resulted from the top relatiGtole2ClassFigure 5-18 presents the graphical syntax far tbiation,

with the textual description following it.

figure 5-18, a RAD replication to a UML attributelation.

relation Replication2Attribute /* map each replicat  ion to an attribute*/

ren = ‘String’;
{
checkonly domain rad re:Replication
{
name = ren
}
enforce domain umlcd at:Attribute
{
name = ren,
type = ‘Integer’
}
}

Of course, the decision of which type to use aigiieme will be the onus of the developer, andrewvally
the chosen platform. For instance,lmsigned Integemay be the preference in the case that a negatiue

is not required since it is representative of atp@scount, resulting in an increase in the coamge.

Undefined

The undefined element of the RAD has no counterparesentation in th8impleUMLmetamodel and
therefore no relation is required to hold when #l&ment is encountered. It is nevertheless impbtta

check the context in which it is used as it mayraeén alternate Class Diagram. That is, a strirgctity
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unrelated to the requirement of the Class Diagraquastion, but significant and required by anotDlass
Diagram. Of course, the decision of what might eéatsuch an instance relies on user input and,sualst
be a consideration of any software being develdpachplement these rules; for the scope of thisnitedn

however, they are discounted.

2Multiplicity

Ina RAD, the element is indicative of the number of instancadigular to a role. It is therefore adequate
to derive UML multiplicity associated with the ct&s enforced by the top level relatRale2ClassThis is
depicted in figure 5-19 with textual QVT below it.

3 &* 3 & &
# % 1:2 > 2
1 2 o o 1 =<=
% " 1> 2

— when

IndependentActivity2Association (ia, ia2a) or
PartRefinement2Composition (pr, pr2a) or
Interaction2Association (i, i2a) or
Interaction2Aggregation (I, i2a) or
Rolelntantiation2Association (ri, ri2a) or
Prop2Association (p, p2a)

figure 5-19, a RAD to UML multiplicity relation.

relation  2Multiplicity /* map each to multiplicity*/

tin = 'String’;
{
checkonly domain rad ti:Tick
{
number = tin
}
enforce domain umlicd mu:Multiplicity
{
endl = if self.tin > 1 then ** else self.tin =tin  endif
}

when
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IndependentActivity2Association (ia, ia2a) or
PartRefinement2Composition (pr, pr2a) or
Interaction2Association (i, i2a) or
Interaction2Aggregation (1, i2a) or
Rolelnstantiation2Association (ri, ri2a) or
Prop2Association (p, p2a);

Since the Multiplicity element of th8impleUMLmetamodel is related to an association, tH&Multiplicity
relation must hold whenever thedependentActivity2AssociatiopartRefinement2Composition,
Interaction2Associatiorinteraction2AggregatiorRolelnstantiation2Associatioor Prop2Association
relations hold (i.e. whenever an association ismreeid, multiplicity is also defined).
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Prop2Class

TheProp2Clasgelation is defined to show how, for each RAD pused by a role, a new UML class is
enforced to represent that prop. Typically, suckaas would represent a data object that is maatipdlby
the class generated by the top relatRmie2ClassThe graphical syntax for this relation is giverfigure

5-20, with the textual description following it.

— where

Prop2Association (p, p2a)
figure 5-20, a RAD prop to a UML class relation.

relation Prop2Class /*map each prop to a class*/

pn = 'String’;
{
checkonly domain rad p:Prop
{
name = pn
}
enforce domain umlicd c:Class
{
name = pn
where
{
Prop2Association (p, p2a);
}
}

Where this relation holds, a relation to creat@association between the new class and the claseddrom
the top relatiorRole2Classnust also hold. Therefore, tReop2Associatiomelation is required, and defined

below in figure 5-21, with the textual descriptifmiowing it.
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1 2& 1 2&<
% "

— when

Prop2Class (p, c)

— where
2Multiplicity (ti, mu)

figure 5-21, a RAD prop to a UML class relation.

relation Prop2Association /*map each prop to an asso ciation*/

pn = 'String’;
{
checkonly domain rad p:Prop
{
name = pn
}
enforce domain umlcd p2a:Association
{
name = pn* /*must be amended to reflect transitive  verb*/
}
when
{
Prop2Class (p, c);
}
where
{
2Multiplicity (ti, mu);
}
}
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Stop2Attribute

There is no real direct relationship between RAD glements and the UML Class Diagram since the
concept of stop is to stop a running thread iratedtased system. It could however be useful wrdete
state in classes derived from the top relaRahe2Classince events may depend on the knowledge of the
completion event. For example, certain operatioag be required to be locked until the stop stata thiread
has been reached. This relation is presented ghhin figure 5-22, with the textual descriptitimat

follows.

%

figure 5-22, a RAD stop a UML attribute relation.

relation Stop2Attribute /* map each stop to an attri bute*/

sh = ‘String’;
{
checkonly domain rad s:Stop
{
name = sn
}
enforce domain umlcd at:Attribute
{
name = sn
}
}

Again, this is very contextual and it may be theecthat the stop node could be ignored completely,
dependent on user intervention. Further to thigresiously noted in other examples, this relatonld be
extended to define the attribute typeolean but again, this requires intervention from therus context of
the application and/or is a decision better madkeaign-time (see the sections@aseRefinement2Attribute
andPartRefinement2Attributior further detail).
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Note2UMLNote

A note on a RAD could refer to anything relatinghe RAD, or other. Therefore, this relation is wioll
dependent on the situation and requires user aictiassessing the context and deciding on whetheotithe
note is required to be represented in the resu@ilags Diagram. If the relation is required to haia
following QVT-R definition is to be used (see figuFe23 for the graphical description, and the telxtua

description that follows it).

%

figure 5-23, a RAD note to a UML note relation.

relation Note2UMLNote /* map each rad note to a UML  note*/

¢ = 'String’;
{
checkonly domain rad n:Note
{
content=c¢
}
enforce domain umlcd umin:UMLNote
{
content=c
}
}

Since this represents a direct relation betweea eleiments of thBimpleRADandSimpleUMLmetamodels
without calling other relations, no further constsiare required to define it. In a larger contéxs relation

could be defined as a top-relation, but since ¢fetion is not called by and does not call any otekation, it
is discounted in isolation. Of course, if the riglatis not required, then any software implemeantatf these

rules should accommodate this.
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package ppt;

import java.io.File;

import java.io.FileOutputStream;

import java.io.IOException;

import java.io.StringWriter;

import java.util. ArrayList;

import java.util. Random;

import javax.xml.parsers.DocumentBuilder;

import javax.xml.parsers.DocumentBuilderFactory;
import javax.xml.parsers.ParserConfigurationException;
import javax.xml.transform.OutputKeys;

import javax.xml.transform.Result;

import javax.xml.transform.Source;

import javax.xml.transform.Transformer;

import javax.xml.transform.TransformerException;
import javax.xml.transform.TransformerFactory;
import javax.xml.transform.dom.DOMSource;
import javax.xml.transform.stream.StreamResult;
import org.w3c.dom.Attr;

import org.w3c.dom.Document;

import org.w3c.dom.Element;

import org.w3c.dom.NamedNodeMap;

import org.w3c.dom.Node;

import org.w3c.dom.NodeList;

import org.xml.sax.SAXException;

import org.xml.sax.SAXParseException;

import java.util.*;

public class ParseVCLLFile {
String packagedElementname;
Document idoc;

public ParseVCLLFile(String ixmlFile, String Package){
File iF = new File(ixmlFile);
idoc = parseXmlFile(iF, false);
if(idoc !=null){
packagedElementname = Package;

public void createActivityDoc(String oxmiFile){
Map<String,Number> idlist = new HashMap<String,Number>();
Map<String,Number> splist = new HashMap<String,Number>();
Map<String,Number> artifactsmap = new HashMap<String,Number>();
Map<String,Number> verticesmap = new HashMap<String,Number>();
artifactsmap.put("DataObject", 1);
verticesmap.put("Activity”, 1);
verticesmap.put("SubProcess", 2);
if (idoc == null)
return;

try {

DocumentBuilder builder = DocumentBuilderFactory.newlnstance().newDocumentBuilder();

Document doc = builder.newDocument();

Element root = doc.createElement("UML:Model");

2.1";
ttp://schema.omg.org/spec/XMI/2.1");

root.setAttribute("xmi:versio

root.setAttribute("xmins:xmi*
root.setAttribute("xmins:UML", "http://www.eclipse.org/umli2/2.1.0/UML");
root.setAttribute("xmi:id", getiD());

doc.appendChild(root);

Element packagedElement = doc.createElement("packagedElement");

packagedElement = doc.createElement("packagedElement”);
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packagedElement.setAttribute("xmi:type"”, "UML:Activity");
packagedElement.setAttribute("xmi:id", getID());
packagedElement.setAttribute("name”, packagedElementname);

root.appendChild(packagedElement);

/I set up all data here
NodelList poollist=idoc.getElementsByTagName("pools");
for (int i=0; i<poollist.getLength(); i++) {
Element element = (Element)poollist.item(i);
NodelList artifacts = element.getElementsByTagName(“artifacts");
for (int j=0; j<artifacts.getLength(); j++) {
Element element2 = (Element)artifacts.item(j);
Attr att = element2.getAttributeNode("xmi:type");
if (att 1= null){
if (artifactsmap.containsKey(att.getNodeValue()){
Element node = doc.createElement("node");
node.setAttribute("name",element2.getAttribute("name"));
node.setAttribute("xmi:id",element2.getAttribute("xmi:id"));
switch (artifactsmap.get(att.getNodeValue()).intValue()){
case 1:
node.setAttribute("xmi:type","UML:DataStoreNode");
Element nodel=doc.createElement("upperBound");
nodel.setAttribute("xmi:type", "UML:LiteralUnlimitedNatural");
nodel.setAttribute("value”, "*");
nodel.setAttribute("xmi:id", getID());
node.appendChild(nodel);
break;
case 2:
node.setAttribute("xmi:type","UML:DecisionNode");
break;
}
packagedElement.appendChild(node);
idlist.put(node.getAttribute("xmi:id"),1);

}
NodelList vertices = element.getElementsByTagName("vertices");
for (int j=0; j<vertices.getLength(); j++) {
Element element2 = (Element)vertices.item(j);
Attr att = element2.getAttributeNode("xmi:type");
if (att != null){
if (verticesmap.containsKey(att.getNodeValue())){
switch (verticesmap.get(att.getNodeValue()).intValue()){
case 1:
Attr att2 = element2.getAttributeNode("activityType");
if (att2 != null){
if (att2.getNodeValue().endsWith("Start Event")){
Element startnode = doc.createElement("node");
startnode.setAttribute("xmi:type”,"UML:InitialNode");
startnode.setAttribute("xmi:id",element2.getAttribute("xmi:id"));
startnode.setAttribute(“name”,att2.getNodeValue());
packagedElement.appendChild(startnode);
idlist.put(startnode.getAttribute("xmi:id"),1);
Element element3 = (Element)element2.getParentNode();
if ((element3 != null) && splist.containsKey((element3.getAttribute("xmi:id")))){

/I Comment this element

Element comment = doc.createElement(“ownedComment");
comment.setAttribute("annotatedElement”,element2.getAttribute("xmi:id"));
comment.setAttribute("xmi:id", getiD());

Element body = doc.createElement("body");

body.setTextContent(element3.getAttribute("name"));
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comment.appendChild(body);
packagedElement.appendChild(comment);

}

}

else

if (att2.getNodeValue().endsWith("End Event")){

Element endnode = doc.createElement("node");
endnode.setAttribute("xmi:type","UML:ActivityFinalNode");
endnode.setAttribute("xmi:id",element2.getAttribute("xmi:id"));
endnode.setAttribute("name”,att2.getNodeValue());
packagedElement.appendChild(endnode);
idlist.put(endnode.getAttribute("xmi:id"),1);

}

else

[*if (att2.getNodeValue().endsWith("Event)") ||
att2.getNodeValue().equals(“Task"))*/{

Element activitynode = doc.createElement("node");
activitynode.setAttribute("xmi:type","UML:StructuredActivityNode");
activitynode.setAttribute("xmi:id",element2.getAttribute("xmi:id"));
activitynode.setAttribute("name"”,att2.getNodeValue());
packagedElement.appendChild(activitynode);
idlist.put(activitynode.getAttribute("xmi:id"),1);

}

} else

if (element2.getAttributeNode("name”) != null){

Element activitynode = doc.createElement("node");
activitynode.setAttribute("xmi:type","UML:StructuredActivityNode");
activitynode.setAttribute("xmi:id",element2.getAttribute("xmi:id"));
activitynode.setAttribute("name”,element2.getAttribute("name"));
packagedElement.appendChild(activitynode);
idlist.put(activitynode.getAttribute("xmi:id"),1);

}

break;

case 2:

Element activitynode = doc.createElement("node");
activitynode.setAttribute("xmi:type","UML:StructuredActivityNode");
activitynode.setAttribute("xmi:id",element2.getAttribute("xmi:id"));
activitynode.setAttribute("name”,element2.getAttribute("name"));
packagedElement.appendChild(activitynode);
idlist.put(activitynode.getAttribute("xmi:id"),1);
splist.put(activitynode.getAttribute("xmi:id"),1);

break;

}

}

/I process all edges
NodeList edgeslist=idoc.getElementsByTagName("sequenceEdges");
for (int i=0; i<edgeslist.getLength(); i++) {
Element element = (Element)edgeslist.item(i);
Attr att = element.getAttributeNode("xmi:type");
if (att I= null){
if (att.getNodeValue().equals("SequenceEdge")){
Element edgenode=doc.createElement("edge");
edgenode.setAttribute("xmi:type”,"UML:ControlFlow");
edgenode.setAttribute("xmi:id",element.getAttribute("xmi:id"));
edgenode.setAttribute("source”,element.getAttribute("source"));
edgenode.setAttribute("target”,element.getAttribute("target"));
if (idlist.containsKey(edgenode.getAttribute("source")) &&
idlist.containsKey(edgenode.getAttribute("target"))){
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}

Element node=doc.createElement("guard”);
node.setAttribute("xmi:type", "UML.:LiteralBoolean");
node.setAttribute("value"”, "true");
node.setAttribute("xmi:id", getiD());
edgenode.appendChild(node);
node=doc.createElement("weight");
node.setAttribute("xmi:type", "UML.:Literallnteger");
node.setAttribute("value”, "1");
node.setAttribute("xmi:id", getlD());
edgenode.appendChild(node);

packagedElement.appendChild(edgenode);

/Iset up a transformer

TransformerFactory transfac = TransformerFactory.newlnstance();
Transformer trans = transfac.newTransformer();
trans.setOutputProperty(OutputKeys.OMIT_XML_DECLARATION, "yes");
trans.setOutputProperty(OutputKeys.INDENT, "yes");
trans.setOutputProperty(OutputKeys.DOCTYPE_PUBLIC, "publicld");

/I Prepare the DOM document for writing

Source source = new DOMSource(doc);

/I Prepare the output file
File file = new File(oxmlFile);
Result result = new StreamResult(file);

/I Write the DOM document to the file
Transformer xformer = TransformerFactory.newlInstance().newTransformer();
IIxformer.setOutputProperties(oformat)

xformer.transform(source, result);

catch (ParserConfigurationException e) {

}

e.printStackTrace();

catch (TransformerException e){

}

e.printStackTrace();

catch(Exception e){

e.printStackTrace();

public void createClassDoc(String oxmlFile){
if (idoc == null)

return;

try {

DocumentBuilder builder = DocumentBuilderFactory.newlInstance().newDocumentBuilder();
Document doc = builder.newDocument();

Element root = doc.createElement("UML:Model");
root.setAttribute("xmi:version”,"2.1");

root.setAttribute("xmins:xmi", “http://schema.omg.org/spec/XMI1/2.1");
root.setAttribute("xmins:UML", "http://www.eclipse.org/umli2/2.1.0/UML");
root.setAttribute("xmi:id", getiD());

doc.appendChild(root);

Element packagedElement = doc.createElement("packagedElement");
packagedElement.setAttribute("xmi:type”, "UML:Package");
packagedElement.setAttribute("xmi:id", getID());
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packagedElement.setAttribute("name”, packagedElementname);

root.appendChild(packagedElement);

/I extract pool elements
NodelList poollist = idoc.getElementsByTagName("pools");

/I process all pool elements and create appropriate classes
for (int i=0; i<poollist.getLength(); i++) {
Element element = (Element)poollist.item(i);
Attr att = element.getAttributeNode("xmi:type");
if (att I= null){
if (att.getNodeValue().equals("Pool"))}{
Element child = doc.createElement("packagedElement”);
child.setAttribute("xmi:type", "UML:Class");
child.setAttribute("xmi:id", element.getAttribute("xmi:id"));
child.setAttribute("name", element.getAttribute("name"));

// collect lanes and append them to pool

NodelList lanelist = element.getElementsByTagName("lanes");

for (int j=0; j<lanelist.getLength(); j++) {
Element element2 = (Element)lanelist.item(j);
Attr att2 = element2.getAttributeNode("xmi:type");
if (att2 != null){
if (att2.getNodeValue().equals("Lane")){
Element lanechild = doc.createElement("ownedAttribute");
lanechild.setAttribute("xmi:id", element2.getAttribute("xmi:id"));
lanechild.setAttribute("name”, String.format("Lane %d", j+1));
lanechild.setAttribute("visibility", "private”);
child.appendChild(lanechild);
}
}

/I collect subprocesses and append them to pool
NodelList vertices = element.getElementsByTagName("vertices");
for (int j=0; j<vertices.getLength(); j++) {
Element element2 = (Element)vertices.item(j);
Attr att2 = element2.getAttributeNode("xmi:type");
if (att2 != null){
if (att2.getNodeValue().equals("SubProcess")){
Element spchild = doc.createElement("ownedOperation");
spchild.setAttribute("xmi:id", element2.getAttribute("xmi:id"));
spchild.setAttribute("name”, element2.getAttribute("name"));
child.appendChild(spchild);
}
}

}
packagedElement.appendChild(child);

/I collect all roles and data objects and create appropriate classes
NodelList artifactslist = element.getElementsByTagName(“artifacts");
for (int j=0; j<artifactslist.getLength(); j++) {
Element element2 = (Element)artifactslist.item(j);
Attr att2 = element2.getAttributeNode("xmi:type");
if (att2 1= null){
if (att2.getNodeValue().equals("Role") || att2.getNodeValue().equals("DataObject")){
Element child = doc.createElement("packagedElement”);
child.setAttribute("xmi:type”, "UML:Class");
child.setAttribute("xmi:id", element2.getAttribute("xmi:id"));

child.setAttribute("name”, element2.getAttribute("name"));
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packagedElement.appendChild(child);

II'link roles with pools

if (att2.getNodeValue().equals("Role")){

Element link = doc.createElement("packagedElement");
link.setAttribute("xmi:type", "UML:Association");
link.setAttribute("xmi:id", getiD());

Element ownedend = doc.createElement("ownedEnd");
ownedend.setAttribute("xmi:id", getID());
ownedend.setAttribute("type”, element2.getAttribute("xmi:id"));
ownedend.setAttribute("name”, “target");
ownedend.setAttribute("association”, link.getAttribute("xmi:id"));
ownedend.setAttribute("aggregation”, “composite");
link.appendChild(ownedend);

ownedend = doc.createElement("ownedEnd");
ownedend.setAttribute("xmi:id", getlD());
ownedend.setAttribute("type", element.getAttribute("xmi:id"));

ownedend.setAttribute("name", "source");
ownedend.setAttribute("association”, link.getAttribute("xmi:id"));
link.appendChild(ownedend);

packagedElement.appendChild(link);

/I Comment this element

Element comment = doc.createElement("ownedComment");
comment.setAttribute("annotatedElement”,child.getAttribute("xmi:id"));
comment.setAttribute("xmi:id", getiD());

Element body = doc.createElement("body");
body.setTextContent(att2.getNodeValue());
comment.appendChild(body);

root.appendChild(comment);

llpackagedElement.appendChild(comment);
}

}

/I collect other links and annotations

}

/Iset up a transformer

TransformerFactory transfac = TransformerFactory.newlnstance();
Transformer trans = transfac.newTransformer();
trans.setOutputProperty(OutputKeys.OMIT_XML_DECLARATION, "yes");
trans.setOutputProperty(OutputKeys.INDENT, "yes");
trans.setOutputProperty(OutputKeys.DOCTYPE_PUBLIC, "publicld");

/I Prepare the DOM document for writing

Source source = new DOMSource(doc);

/I Prepare the output file
File file = new File(oxmlFile);
Result result = new StreamResult(file);

/I Write the DOM document to the file

Transformer xformer = TransformerFactory.newlnstance().newTransformer();
IIxformer.setOutputProperties(oformat)

xformer.transform(source, result);

}

catch (ParserConfigurationException e) {
e.printStackTrace();

}

catch (TransformerException e){
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e.printStackTrace();
}

catch(Exception e){

e.printStackTrace();

public Document parseXmlFile(File xmiFile, boolean validating) {

try {
DocumentBuilderFactory factory = DocumentBuilderFactory.newlnstance();
factory.setValidating(validating);
Document doc = factory.newDocumentBuilder().parse(xmiFile);
return doc;
}

catch (SAXException e) {
System.out.printin("File is not in the valid format");
e.printStackTrace();
}
catch (ParserConfigurationException e) {
e.printStackTrace();
}
catch (IOException e) {
e.printStackTrace();
}

return null;

public String getID(){
Random rand = new Random();
String code ="_";
for (inti=0;i<10;i++){
int number = rand.nextInt(26)+65;
code+= new Character((char)number).toString();
}

return code;
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<?xml version="1.0" encoding="UTF-8"?>
<UML:Model xmi:version="2.1" xmins:xmi="http://schema.omg.org/spec/XMI/2.1" xmIns:UML="http://www.eclipse.org/umi2/2.1.0/UML"
xmi:id="_CMDJVBLDCQ">
<packagedElement xmi:type="UML:Package" xmi:id="_SNMPMCCKIP" name="Follow Up Call Process">
<packagedElement xmi:type="UML:Class" xmi:id="s" name="Sales">
<ownedAttribute xmi:id="I" name="check Prospect : bool" visibility="private"/>
<ownedAttribute xmi:id="_imP44pi-Ed-bDfRognGdXA" name="count check prospect : int" visibility="private"/>
<ownedAttribute xmi:id="_IIUNApi-Ed-bDfRognGdXA" name="upload prospect : bool" visibility="private"/>
<ownedAttribute xmi:id="_nfHsUpi-Ed-bDfRognGdXA" name="count upload prospect : int" visibility="private"/>
<ownedAttribute xmi:id="_7xUaMpi-Ed-bDfRognGdXA" name="update prospect : bool" visibility="private"/>
<ownedAttribute xmi:id="_-U04wpi-Ed-bDfRognGdXA" name="count update prospect : int" visibility="private"/>
<ownedOperation xmi:id="scr" name="send check request" visibility="private"/>
<ownedOperation xmi:id="rr" name="receive response" visibility="private"/>
<ownedOperation xmi:id="snpr" name="send new prospect request" visibility="private"/>
<ownedOperation xmi:id="cbol" name="create blow out letter" visibility="private"/>
<ownedOperation xmi:id="spr" name="send print request" visibility="private"/>
<ownedOperation xmi:id="sur" name="send update request" visibility="private"/>
</packagedElement>
<packagedElement xmi:type="UML:Class" xmi:id="p" name="Printer">
<ownedAttribute xmi:id="_6mt6MJIi8Ed-bDfRognGdXA" hame="ready to print : bool" visibility="private"/>
<ownedOperation xmi:id="rpr" name="receive print request" visibility="private"/>
<ownedOperation xmi:id="pbol" name="print blow out letter" visibility="private"/>
</packagedElement>
<packagedElement xmi:type="UML:Class" xmi:id="pr" name="Print Request"/>
<packagedElement xmi:type="UML:Class" xmi:id="bl" name="Brightlime">
<ownedOperation xmi:id="rcr" name="receive check request" visibility="private"/>
<ownedOperation xmi:id="cpd" name="check prospect database" visibility="private"/>
<ownedOperation xmi:id="sr" name="send response" visibility="private"/>
<ownedOperation xmi:id="rnpr" name="receive new prospect request" visibility="private"/>
<ownedOperation xmi:id="utpd" name="upload to prospect database" visibility="private"/>
<ownedOperation xmi:id="rur" name="receive update request" visibility="private"/>
<ownedOperation xmi:id="upd" name="update prospect database" visibility="private"/>
</packagedElement>
<packagedElement xmi:type="UML:Class" xmi:id="pd" name="Prospect Database"/>
<packagedElement xmi:type="UML:Association" xmi:id="_00mISJi8Ed-bDfRognGdXA" name="Association1" memberEnd="_O0mISZi8Ed-
bDfRognGdXA _O0mITJi8Ed-bDfRognGdXA">
<ownedEnd xmi:id="_O0mISZi8Ed-bDfRognGdXA" hame="" type="s" association="_00mISJi8Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_O0mISpi8Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_O0mIS5i8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_0O0mITJi8Ed-bDfRognGdXA" hame="target" type="p" aggregation="shared" association="_0O0mISJi8Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_O0mITZi8Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_O0mITpi8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_Pa5wSJi8Ed-bDfRognGdXA" name="Association2" memberEnd="_Pa5wSZi8Ed-
bDfRognGdXA _Pa5wTJi8Ed-bDfRognGdXA">
<ownedEnd xmi:id="_Pa5wSZi8Ed-bDfRognGdXA" name="source" type="s" association="_Pa5wSJi8Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_Pa5wSpi8Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_Pa5wS5i8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
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<ownedEnd xmi:id="_Pa5wTJi8Ed-bDfRognGdXA" name="target" type="pr" aggregation="shared" association="_Pa5wSJi8Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_Pa5wTZi8Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_Pa5wTpi8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_P02Fp5i8Ed-bDfRognGdXA" name="Association3" visibility="private"
memberEnd="_P02FqJi8Ed-bDfRognGdXA _Po2Fq5i8Ed-bDfRognGdXA">
<ownedEnd xmi:id="_P02FqJi8Ed-bDfRognGdXA" name="" visibility="private" type="s" isUnique="false" association="_P0o2Fp5i8Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_Po02FqZi8Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_Po2Fqpi8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_Po02Fq5i8Ed-bDfRognGdXA" nhame="uploads" visibility="private" type="bl" isUnique="false" aggregation="shared"
association="_P0o2Fp5i8Ed-bDfRognGdXA">
<upperValue xmi:type="UML.:LiteralUnlimitedNatural" xmi:id="_Po2FrJi8Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_Po2FrzZi8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_Q4-QyJi8Ed-bDfRognGdXA" name="Association4" visibility="private"
memberEnd="_Q4-QyZi8Ed-bDfRognGdXA _Q4-QzJi8Ed-bDfRognGdXA">
<ownedEnd xmi:id="_Q4-QyZi8Ed-bDfRognGdXA" name="" visibility="private" type="s" isUnique="false" association="_Q4-QyJi8Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_Q4-Qypi8Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_Q4-Qy5i8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_Q4-QzJi8Ed-bDfRognGdXA" name="responds" visibility="private" type="bI" isUnique="false" aggregation="shared"
association="_Q4-QyJi8Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_Q4-QzZi8Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_Q4-Qzpi8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_REiAiJi8Ed-bDfRognGdXA" name="Association5" visibility="private"
memberEnd="_REIAiZi8Ed-bDfRognGdXA _REiAjJiIBEd-bDfRognGdXA">
<ownedEnd xmi:id="_REIiAiZi8Ed-bDfRognGdXA" name="" visibility="private" type="s" isUnique="false" association="_REiAiJi8Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_REiAipi8Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_REiAi5i8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_REIiAjJiBEd-bDfRognGdXA" name="updates" visibility="private" type="bl" isUnique="false" aggregation="shared"
association="_REiAiJiBEd-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_REIiAjZiBEd-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_REiAjpiBEd-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_RNOCeJi8Ed-bDfRognGdXA" name="Association6" visibility="private"
memberEnd="_RNOCeZi8Ed-bDfRognGdXA _RNOC{JiBEd-bDfRognGdXA">
<ownedEnd xmi:id="_RNOCeZi8Ed-bDfRognGdXA" name="" visibility="private" type="s" isUnique="false" association="_RNOCeJi8Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_RNOCepi8Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_RNOCe5i8Ed-bDfRognGdXA" value="1"/>

</ownedEnd>
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<ownedEnd xmi:id="_RNOC{Ji8Ed-bDfRognGdXA" name="checks" visibility="private" type="bl" isUnique="false" aggregation="shared"
association="_RNOCeJi8Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_RNOCfZi8Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_RNOCfpi8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_RKODGJi8Ed-bDfRognGdXA" name="Association7" visibility="private"
memberEnd="_RkODGZi8Ed-bDfRognGdXA _RkODHJI8Ed-bDfRognGdXA">
<ownedEnd xmi:id="_RKODGZI8Ed-bDfRognGdXA" name="" visibility="private" type="bl" isUnique="false" association="_RkODGJi8Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_RKODGpi8Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_RkODG5i8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_RKODHJI8Ed-bDfRognGdXA" name="owns" visibility="private" type="pd" isUnique="false" aggregation="shared"
association="_RKODGJi8Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_RkODHZi8Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_RKODHpi8Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:DataType" xmi:id="_5DS_0Ji8Ed-bDfRognGdXA" name="DataTypel"/>
<packagedElement xmi:type="UML:Association" xmi:id="_Mwh_R5i9Ed-bDfRognGdXA" name="Association8" visibility="private"
memberEnd="_Mwh_SJi9Ed-bDfRognGdXA _Mwh_S5i9Ed-bDfRognGdXA">
<ownedEnd xmi:id="_Mwh_SJi9Ed-bDfRognGdXA" name="" visibility="private" type="s" isUnique="false" association="_Mwh_R5i9Ed-
bDfRognGdXA">
<upperValue xmi:type="UML.:LiteralUnlimitedNatural" xmi:id="_Mwh_SZi9Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML.:Literallnteger" xmi:id="_Mwh_Spi9Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_Mwh_S5i9Ed-bDfRognGdXA" hame="creates" visibility="private" type="pr" isUnique="false" aggregation="shared"
association="_Mwh_R5i9Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_Mwh_TJi9Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_Mwh_TZi9Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_0OY6SWZi9Ed-bDfRognGdXA" nhame="Association9"
memberEnd="_0Y6SWpi9Ed-bDfRognGdXA _OY6SXZI9Ed-bDfRognGdXA">
<ownedEnd xmi:id="_OY6SWpi9Ed-bDfRognGdXA" name="source" type="p" association="_0Y6SWZi9Ed-bDfRognGdXA">
<upperValue xmi:type="UML.:LiteralUnlimitedNatural" xmi:id="_OY6SW5i9Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_OY6SXJi9Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_OY6SXZi9Ed-bDfRognGdXA" name="target" type="s" aggregation="shared" association="_OY6SWZi9Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_OY6SXpi9Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML.:Literallnteger" xmi:id="_OY6SX5i9Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_R91xqJi9Ed-bDfRognGdXA" name="Association10" visibility="private"
memberEnd="_R91xqZi9Ed-bDfRognGdXA _R91xrJi9Ed-bDfRognGdXA">
<ownedEnd xmi:id="_R91xqZi9Ed-bDfRognGdXA" name=""type="s" association="_R91xqJi9Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_R91xqpi9Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_R91xq5i9Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_R91xrJi9Ed-bDfRognGdXA" name="sends" visibility="private" type="p" isUnique="false" aggregation="shared"
association="_R91xqJi9Ed-bDfRognGdXA">
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<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_R91xrZi9Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_R91xrpi9Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_BAV5SJi-Ed-bDfRognGdXA" name="Association11" memberEnd="_BAV5SZi-
Ed-bDfRognGdXA _BAV5TJi-Ed-bDfRognGdXA">
<ownedEnd xmi:id="_BAV5SZi-Ed-bDfRognGdXA" name="source" type="s" association="_BAV5SJi-Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_BAV5Spi-Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_BAV5S5i-Ed-bDfRognGdXA" value="1"/>

</ownedEnd>

bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_BAV5TZi-Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_BAV5Tpi-Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
<packagedElement xmi:type="UML:Association" xmi:id="_EOJ5GZi-Ed-bDfRognGdXA" name="Association12" visibility="private"
memberEnd="_EOJ5Gpi-Ed-bDfRognGdXA _EOJ5HZi-Ed-bDfRognGdXA">
<ownedEnd xmi:id="_EOJ5Gpi-Ed-bDfRognGdXA" name="" visibility="private" type="s" isUnique="false" association="_EOJ5GZi-Ed-
bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_EOJ5G5i-Ed-bDfRognGdXA" value="*"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_EOJ5HJi-Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
<ownedEnd xmi:id="_EOJ5HZi-Ed-bDfRognGdXA" name="sends" visibility="private" type="p" isUnique="false" aggregation="shared"
association="_EOJ5GZi-Ed-bDfRognGdXA">
<upperValue xmi:type="UML:LiteralUnlimitedNatural" xmi:id="_EOJ5Hpi-Ed-bDfRognGdXA" value="1"/>
<lowerValue xmi:type="UML:Literallnteger" xmi:id="_EOJ5H5i-Ed-bDfRognGdXA" value="1"/>
</ownedEnd>
</packagedElement>
</packagedElement>
</UML:Model>
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?

.NET
3GL

Abstraction

Action Semantic Language
Activity

Activity Diagram

Agile Development

Agile Manifesto
Aggregation

Alignment

AMDD

Analysis

API

Application Domain

Application Programming Interface

Assembly Language

Assertion
ASSIST

Association
ATL
Attributes

B-SCP

Balanced Scorecard

Software technology platform.
Third Generation Language, referring collediive high-level
structured programming languages.

Level of perception relative to content
The language of UML Actgamantics.

Notational element describing a behaviouttask.

UML diagram; used to model systbehaviour.

Software development method feedson being adaptable and

dynamic.See Agile Manifesto.

Doctrine of Agile Developmer8ee Agile Development.

Object oriented association type dbsuia close relationship

between classeSee Object Oriented, Association and Class.

IT systems designed and maintained ia Vifith business strategy.

See Strategy.

Agile Model Driven Development, MDD followinthe Agile
Manifesto.See Agile Manifesto and Model Driven Development.
Investigative stage of software developm®ee Systems of Prime
Concern.

See Application Programming Interface.

The area in which the solutigstem existsSee Solution System.
Interface usedupport the construction of applications.
Programming language abstragtionachine code and binary.

See Machine Code.

True or false statement.

A Shrewd Sketch Interpretation and Simutafiool, sketch

recognition technologysSee Sketch Recognition.

Object oriented structural mechanisstdbking relationships

between classeSee Object Oriented and Class.
ATLAS Transformation Language for model transfation.
See Properties.

Business Strategy Context Process, framewogdi§pring

business with IT.

Tool for managing organisatisinategy based on performance
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BBPF

Behavioural Model

Bigraph

Binary
Bipartite Graph
BM

BPD

BPDLC

BPDM
BPEL
BPEL4WS
BPM
BPMN
BPMS
BPR

BSC

Business Analyst

Business Process Definition

Metamodel

Business Process Diagram

Business Process Execution

Language

Business Process Management

Business Process Management

System

Business Process Model

indication.
Basic Business Process Flow, used to formalisadsnss
requirements in the BPDLGee BPDLC.
Pre-CIM model to highlight specfiimctional requirements and
the behaviour of the involved proceSge pre-CIM.
See Bipartite Graph.
Numbering system used to connect to hardware.
Graph in which vertices can be didiéhto two.
See Behavioural Model.
See Business Process Diagram.
Business Process Developing Life Cycle, appréadbrmalise
business requirements in terms of BBBEe BBPF.
See Business Process Definition Metamodel.
See Business Process Execution Language.
Business Process Execution Language for \Wahc8s.
See Business Process Management.
See Business Process Modelling Notation.
See Business Process Management System.
Business Processes and Requirements, unit ooftneai
Systems framework at Bournemouth University.
See Balanced Scorecard.
The PD expeBee Business User and Problem Domain.

Metamodel used to define business processes.

Artefact of BPM.
Programming language used to define interactivénbas
processes.

Business managementliieidby processes are the central

focus for efficiency gains.
Software system that employs tools and technigeed to manage
business processes.

Visualisation of the BusiPessessSee Business Process

Management.

Business Process Modelling Notation  Visualisatiatiéque to define business process workflows.

Business Rule

Business User

Statement used to define the operatimgdjtion of a business
process or the requirements for a software system.

See Business Analyst.
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C#
CASE

Case Management
CIM

Class

Class Diagram
Code
Collaboration

Collaboration Diagram

Common Warehouse Metamodel
Communicating Sequential Processes

Compiler

Composition

Computation Independent Model
Concurrency
Connection

Control Class
COTS

CP Style Rules
CSP

CTO

CWM

Data Flow Diagram

DDL

DDM
Dependency

Object oriented programming language.

Computer Aided Software Engineering, automaietisets used
within the software procesSee Software Process.

The control of process instances.
See Computation Independent Model.

Element of the UML used to represent thingsehkist within the
context of the systengee Class Diagram.

UML diagram; Static view of systemigies

Instruction set within a programming languagperogram.

A relationship between two or moretess.

UML diagram; used to model ammication.

Standard for modellingaada.

Formal langwagkefining concurrent processes.

Software implementation typically used ptimexecution to
convert from high-level languages to low level maelcode See
3GL, Java, Machine Code and Interpreter.

Object oriented association type desugih relationship between
classes where one is composed of ano®ee. Object Oriented,
Association and Class.

Analysis stage oM

Describes two or more activities ocograt the same time.

Used to illustrate a relationship betw®enor more entities.

Obiject oriented functional communicatitanagement class
stereotypeSee Object Oriented, Stereotype and Class.
Common-Off-The-Shelf, software that is typicaliglely
available.

A direction offered for the guidannetee format and construction
of Use Case descriptions.

See Communicating Sequential Processes.

Chief Technical Officer, organisational position.
See Common Warehouse Metamodel.

Functional visualisation techeidor modelling information
systems.

Data Definition Language, part of SQL used é&sctibe data
structuresSee SQL.
See Domain Description Model.

Strong association between elements.
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Deployment Descriptor File used to describe compboentent and configuration.

Design Inventive stage of software developm&ee Systems of Prime
Concern.

DFD See Data Flow Diagram.

Domain Description Model Pre-CIM model to define Bi@ context as it isSee pre-CIM.

Domain Specific Language Programming language Spéaia particular domairsee

Domain Specific Modelling.

Domain Specific Modelling Modelling in terms of DSEee Domain Specific Language.
DSL See Domain Specific Language.

DSM See Domain Specific Modelling.

Eclipse See Eclipse Modelling Framework.

Eclipse Modelling Framework MDA development framelkwo

EJB Enterprise JavaBeans, Java API for buildingrprige systems.

See Java and Application Programming Interface.

Elaborationist Developer that uses MDA modelling ande as a template to
elaborate on.

Elicitation The act of obtaining correct and contpleequirements from
stakeholders in RE.

Enterprise Organisation-wide integration of softevaystems.

Enterprise Modelling Modelling in terms of the eniése and related systems and

resources as a whole.

Entity Article with perceived existence and relesaio the system
context.
Entity Class Object oriented data access and refr@ass stereotyp&ee

Object Oriented, Stereotype and Class.

Environment RAD Specification phase of the xMDA nuathdirected at resolving
environmental issueSee eXtended Model Driven Architecture.

ERD Entity Relationship Diagram, notation for datadaiting.

Event Flow Order of events in a Use Case descriptio

Experimental Learning Cycle Research framework torgéxa the relationship between theory

and practice.

eXtended Model Driven Architecture  An extensioriite MDA, proposed to cater for Requirements
Engineering.

eXtensible Mark-up Language Standard used to eneledtronic artefacts for communication
within software applicationsSee XML Metadata Interchange.

eXtensible Stylesheet Language Standard used to transform documents in XBMkeeXtensible

Transformation Mark-up Language
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eXtreme Programming
FBCM

Flowchart

Forward Engineer
Functional Modelling
Generator

Goal Modelling
GORE

GUI

GUIDE

Hanging Thread

Hardware

HIM

HIMS
HTTP

Human Interaction Management

Human Interaction Management

System
Human-Driven Process

Humanistic Process

IBM

ICAM

ICOM

IDEF
IDL

Software development methodsed on the delivery of code.
Fact Based Collaboration Modelling, methodologyIT strategic
alignment.

Generic visualisation technique to definecesses.
The re-construction of a modehfariginating documentation.
See Reverse Engineer.

Modelling in terms of function

System used to deliver code from desigphefs.

Modelling in terms of strategic otfiges.

Goal-Oriented Requirements Engineering, tecleniigualigning
IT with business goals.
Graphical User Interface, computer componertius interface
visually with the end user.
Goal, Use, Investment, Deliverables, ExparggEnvironment,
technique for modelling goals using the DFE2e Data Flow
Diagram.

String of activity within a RAD raldich is activated on event.
See Role Activity Diagram.

Physical computer components designeesfmond to software
instructions.
See Human Interaction Management.
See Human Interaction Management System.
Hypertext Transfer Protocol, internet protoimsldata transfer.
Philosophy for accodating humanistic processes.
A software system used in HIM.

See Humanistic Process.

A process that specifically ive® human collaborative
behaviours.
Software technology provider.
Integrated Computer Aided Manufacturing, U.Sr Borce
program resulting in the IDEF family of languag8se Integration
DEFinition.
Inputs, Controls, Outputs and Mechanisms, IDBRcepts. See
Integration DEFinition.
See Integration DEFinition.

Interface Definition Language, for describingnesponent
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Implementation

Inclusive Techniques

Information System

Information Technology

Inheritance

Initial Requirements Model

Instruction Set

Integration DEFinition

Interaction

Interface

Interface Class

Interoperability

Interpreter

IPSE

IRM

ISO
1ISO12207
IT

Iteration
J2EE
Java

Lean Six Sigma

Legacy System

interfacesSee Interface.

Execution stage of software develepm

Methods of elicitation par@cuo Agile Development. Sekgile
Development.

Software system that is focussethe delivery of data and
information, rather than the management of businadsprocess.

Field of study relating tariware, software and their integration.
Object oriented structural mechanisetideing associations
between parent super-class types and child sub-tpesSee
Object Oriented, Association and Class.

Pre-CIM model to defing @aaquirements (both functional and
non-functional) to be imposed by the new syst8ge pre-CIM.

Basic commands understood by ardiniged within the CPU.

Family of information andqamess modelling standards. Also
known as ICAM DEFinitionSee ICAM.

Relationship between two or more ergitie

Java programming eleme®ee Application Programming
Interface.

Object oriented connection classatgpe.See Object Oriented,
Stereotype and Class.

Ability to communicate and exchargpta between components.
Software implementation typically usedexecution to convert
from high-level languages to low level machine cdske 3GL,
Java, Machine Code and Compiler.

Integrated Project Support Environment, agchifre used to
support and define software development and thevaoé process.
See Initial Requirements Model.

International Organisation for Standardisation.

ISO standard for software lifecycle preessSee 1SO.
See Information Technology.

The process of repeating developmentities with the objective
of refining solutions.

Software technology platform.

Object oriented programming language.

Method for managing organisatiotratsgy based on value chain
analysis.

Systems which currently exist withirorganisation in context of
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new implementations.
Loop Element of language within which instructiamrsactivities are

processed until specific conditions are met.

LOTOS Language of Temporal Ordering Specificatfonnal
specification language.

LSS See Lean Six Sigma.

Machine Code Language based on binary to interféitetihe CPU See Binary

and Instruction Set.

Machine RAD Specification phase of the xMDA methagcted at resolving
machine issuesee eXtended Model Driven Architecture.

Mapping Each element from one model is mappedantassociated
element in another model.

Markings Identification used in tracing elementsomed or transformed

from one model to the next.

Marks See Markings.

MDA See Model Driven Architecture.

MDABIZ Business Support for MDA, international worksgh

MDD See Model Driven Development.

MDE See Model Driven Engineering.

MDSEE See Model Driven Software Engineering Environment.

Mechanistic Process A process that specificallplives computerised sequential
behaviours.

MEMO See Multi-perspective Enterprise Modelling.

Meta Object Facility OMG Standard for defining nmatadels.See Meta-metamodel.

Meta-metamodel Language to define metamodels.

Metadata Data that describes other data.

Metamodel Model that describes other models.

Microsoft Software technology provider.

MIT Massachusetts Institute of Technology, educeati@stablishment.

Model An abstraction on code.

Model Driven Architecture Conceptual framework foftavare development.

Model Driven Development Software development figliereby models are the central

artefact.See Model Driven Engineering.

Model Driven Engineering Software development fietdereby models are the central
artefact.See Model Driven Development.

Model Driven Software Engineering MDA support environment with model and metamodekss;

Environment model transformation; simulation; process; andgmbflefinition
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Model Merging

Modeller

MOF

Multi-perspective Enterprise
Modelling

Multiplicity

Node

Non-deterministic Process
Notation

Object

Object Constraint Language

Object Management Group

Object Oriented
OCL

OMG
Operational QVT

Operations

Oracle
ORMSC

Parallel Process

Pattern

PD
PERL

for developersSee MDA.

The joining of two or more separatedals to make a single
model containing all originating model det&lee model.
Developer involved in the modelling proses

See Meta Object Facility.

Conceptual framework for Enterprise Modellit8ge Enterprise
Modelling.
Object oriented mechanism to descrthe numbering of
associated class instancBge Object Oriented, Association and
Class.

Connecting graphical element in graphing.

Processes that involserisns to which outcomes are open to
indistinguishable possibilities.

Graphical representation for process dejim
Class instanc8ee Class and Object Oriented.

Language standard useabyservice developers for writing
business rules.

Standards consortium wéjontontributors such as Microsoft
and IBM. Creators and maintainers of standards ssitheaMDA
and UML.

Methodology concerned with the tmigsion of systems build on
the concept of objects.
See Object Constraint Language.
See Object Management Group.

QVT transformation language forigs®.See Eclipse Modelling
Framework.

Obiject oriented mechanism describingéindigurable processing
of classesSee Object Oriented and Class.

Software technology provider.

Object and Reference Model Subcommittee, panecOMG
concerned with developing the MDA Guidgee Object
Management Group and Model Driven Architecture.

A process that runs in parallahtather.

Recognisable operations that form the loasemplate structures
for use in the development process.
See Problem Domain.

Textual programming language.
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Persistence

Petri Net

PIM

PIM Prototyping Tool

Platform

Platform Independent Model
Platform Specific Model
PML

Port

Portability

POSD
PPT
pre-CIM

Private Information Space

Problem Domain

Process

Process Architecture

Process Modelling Language

Process Oriented Systems Design

Process Programming

Process Trinity
Profile
Properties
Prototype

Pseudo Code

PSM

Elements retained in context of thiesys

Language used to describe mathematicdéhiag.
See Platform Independent Model.

Part of the VIDE toolset comiag a Java transformation engine to
map VCLL to UML.See Transformation Engine.
Operational environment for software syste

Design stage of the MDA.

Implementation stage of KhBA.

See Process Modelling Language.

Accessibility conduit.

Systems that are compatible, or madepatible for multiple
platforms.

See Process Oriented Systems Design.

See PIM Prototyping Tool.

Activities upstream of the CIM conducted prio CIM
construction.

Of RADs, information isitolled and maintained in and between
roles.

The area in which a defined prolikeidentified.

Collection of business activities to form pfor a complete
business conceptualisation.

An environment defining theation and maintenance of business
processes.

Formal language fomessi process execution (based on
Requirements Modelling Languag&ee Requirements Modelling
Language.

Structural mesinaior visually describing a system.

Formalisation of processes.

Represented process types; Caseaddarent and Strateggee
RIVA.

Element of the UML accounting for notatibeatension.

Configurable parameters of objects @sels
A preliminary artefact of the developmerticess used as a
sample for demonstration purposes and elicitation.

Language used as an abstraction otelighprogramming
languages.

See Platform Specific Model.
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Query / View / Transformation
QVT

QVT-R

QVT-Relations

RAD

Rational Rose

Rational Unified Process

RE
REBNITA

Relation

Remote Interface

Requirements

Requirements Engineer

Requirements Engineering

Requirements Modelling Language

Reusability

Reverse Engineer

RIVA
RM-ODP

RML

Role

Role Activity Diagram

Role Utility Diagram

RUD

OMG Standard for defg transformations between MOF
metamodelsSee MOF.
See Query / View / Transformation.
See QVT-Relations.

Declarative language of the QVT fefiding relationships
between MOF metamodelSee Query / View / Transformation.
See Role Activity Diagram.

Software development toolkit.

Software development fraorkw
See Requirements Engineering.
Requirements Engineering for Business NeedarAlignment,
international workshop.
See QVT-Relations.
Java component for declaring mett8sk Java and Interface.

The desired effects that the solutietem imposes on the PBee
Problem Domain.

Member of the software devedop team that interfaces with
stakeholders in eliciting the requirements forwafe systems.

The field of engineerintiwisoftware systems whereby user
needs and their realisation in solution systemsteeentral focus.

Formal languagegipuirements modelling (basis of PMISee
Process Modelling Language.

Software component able to be implenteniithin or between a

multitude of projects, with or without modification

The de-construction of a modelanginating documentation.
See Forward Engineer.
Business process architectu8ze Role Activity Diagram.

Reference Model of Open Distributed Processtandardisation
framework for open distributed processing.

See Requirements Modelling Language.

Central notion in a RAD defining a participamésponsibility and
their interactions with other participants and mfiation.See Role
Activity Diagram.

Visualisation technique to ihef business process workflows.

Notation supporting a statiewi of the RAD.See Role Activity
Diagram.

See Role Utility Diagram.
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SADT
SAP
Schema
SEAM

Semantic

Service Oriented Architecture

Shared RAD

SimpleRAD Metamodel

SimpleUML Metamodel

Sketch Recognition

SOA
SOAP

Software

Software Development

Software Engineer

Software Engineering

Software Factory

Software Process

Software Product Line

Solution System

Source Model

Specification

See Structured Analysis and Design Technique.
Software technology provider.

Outline of models or languages that deffiemt
Systemic Enterprise Architecture Method, figreing business
with IT in terms of organisation and function.

The meaning of language.

Software developnmeethod giving focus to the offering and
discovery of functional services.

Specification phase of the xXMDA methadated at resolving
issues shared between the environment and ma@seeeXtended
Model Driven Architecture.

MOF metamodel describing a sifiepl version of the RADSee
Metamodel and RAD.

MOF metamodel describing a difigal version of the UML See
Metamodel and UML.

Technology used to recogniseskstches and create XML based
representatiorSee eXtensible Mark-up Language.

See Software Oriented Architecture.

Simple Object Access Protocol for XML datansfar.See
eXtensible Mark-up Language.

Computer code designed for a particulgpgae or application.

The art involving the defuonitiof software systems, from
inception to implementation and maintenance.

Design and implements the soigystem.

The field of engineering witkbftware systems whereby the
design and implementation of solution systemslasecéentral
focus.

The architecture of complete S software artefacts created
by them.See Software Product Line.

The architecture in which softirapiementations are developed.

Methodology for industrialigithe software development process
in a software factorySee Software Factory.

A software system that accountsefguirementsSee Application
Domain.

Model from which a target model issfarmed.

The interface between the problemaglication domairSee

Systems of Prime Concern.
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SPL

SQL

SQM
Stakeholder

Standards

Standish Group International, Inc.

State
Static Field
Stereotype

Strategy

STRIM

Structured Analysis and Design
Technique

Syntactic

SystemRAD

Systems Analyst

Systems of Prime Concern

Systems Thinking

Target Model

Traceability

Transformation

Transformation Engine

See Software Product Line.

Structured Query Language, used for queryirtgtdeses.
Software Quality Management, international eosifice.

Any number of interested parties, iticig (but not limited to)
business user, Systems Analyst, Software Engipegject
managers and investors.

Rules governing the development process.

IT market reskarganisation, focussing on project investments
and value performance.

Condition that a process is in given context.

Java programming element.

Classification of class types in objeieinted technologieSee
Object Oriented and Class.

Action plan devised by business in comaitten of environmental
implications, business values and available ressut@ achieve
business goals and nee8ge Alignment.

Systematic Technique for Role and Interachodelling. See
RIVA.

Functional visualisation technique for modellinfpimmation
systems.

The structural arrangement of text andet®

Visual method for describing systems kériotion of a System
participant in a RADSee Role Activity Diagram.

Member of the development teamermied with the analyses of
business requirements and the construction of isygste
specification.

Collectively, the ProblermBia, Interface and Solution System;
matching the development activities of Analysise&fication and
Design.See Analysis, Specification and Design.

School of thought that considesgsiem as comprised of both
internal and external environments, and the relatigps between
internal and external systems focussing on thesysis a whole.

Model that is created from a sourcel@ho

Mechanism whereby software informati®able to be linked to
the original requirement requiring that informatiamd vice versa.

The process of converting a sourcdeahinto a target model.

Software component used ¢zge a transformation.
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Transformation Record

Transformation Rules

Translation

Translationist

Tree

Tri-Step Analysis

UCDML

UML
Unified Modelling Language

Use Case

Value Chain

VCLL
VIDE
VIDE CIM Level Language

Visualise All Model Driven
Programming

Web Service

Web Service Definition Language

Workflow

WS-Policy

WSDL

XMDA

XMI

XML

XML Metadata Interchange
XSLT

YAWL

Z

The documentation of any foamsation and mapped elements.

Conventions defined to desdrédresformationsSee
transformation.

The process of transferring one moddlraeaning into another.

Developer that uses MDA modelling ande as a finished article,
therefore transformations must be complete in exespect.
Diagrammatic structure.

Analysis technique describedhms/ xMDA method to derive
candidate design class&ee xMDA.
Use Case Description Mark-up Language, XML laage for Use
CasesSee Use Case and eXtensible Mark-up Language.
See Unified Modelling Language.

Generic modelling tecjue used in software systems
development for defining systems design.

UML diagram; processes defined by fundtigna

Model of the complete business procsed for analyses in the
identification of efficiency gains.
See VIDE CIM Level Language.
See Visualise All Model Driven Programming.

Part of the VIDE toolsetd@ate XML representations of BPMN
models See eXtended Model Driven Architecture.

European model-driven research initiative.

Interoperable software servidee Service Oriented Architecture.
Language standsed loy web service developers for writing web

servicesSee Web Service.
Sequential visualisation technique for ciising process.
Web Service-Policy, standard enabling Xpfilicy definition.
See Web Service Definition Language.
See eXtended Model Driven Architecture.
See XML Metadata Interchange.
See eXtensible Mark-up Language.

OMG standard for exchaggietadata via XMLSee XML.
See eXtensible Stylesheet Language Transformation.
Yet Another Workflow Language, pattern-basedduage.

Formal specification language.
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