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methodology or strategy adopted, substantial savoogld
Abstract—The body of knowledge on Product Line be achieved by reusing the common features in progr
Software Engineering is an emerging paradigm that are developed as a family [4]. A number of
alternative to developing software systems from satch.  methodologies have been proposed, with most reggitie
However, it will only be adopted if it helps enterpises construction of a Requirement Metamodel (RM) to
maximize their profits. Whether this investment resilts  gocument all domain artifacts in the Domain Retieary
ingreater profit depends on the particular o gpplication development. At the heart of each
methodologies and strategy adopted. A number of o4 irement metamodel is the domain requirementeinod
methoo_lologles have been proposed, with most requig . consisting of three components namely (i) Funcliona
%rrqugsrrsg;tmgtan;gﬁgigo b:rtﬁngstrucai?ngs ?hlr):: Requirement component which describes the behaviora
components, namely (i) functional requirement; (ii)non gﬂi;?gtzggi'f ?k:ethsir\o/li?:rgslgro?/?gegI\flgrs tk‘:":?ﬁ;ﬁiﬁg

functional requirement component; (iii) and a varigion L X X
component, which captures variation points. In this Other systems; (i) Non Functional Requirement congmt

paper we argue that a domain is not only comprisedf to describe quality characteristics; (iii) and arid#on
these elements, but in addition is a merger of thes CcOmponent, which captures variation points.
components with operating context such as users, Although these are domain characteristics, we atigae
policies, and culture which affect product adoptionand & domain is not only comprised of these three etespdut
acceptance rate. The paper proposes a requirementis a merger of those components with operating estnt
metamodel framework that not only serves as a such as the users (stakeholders, customers, erap)ayed
construct of the business sub process, but also ses as a other community members), policies, and cultures Tikers
basis for understanding, interpreting and predictig play a key role in the process and are greatlytsteby the
user’s views and adoption rate. dynamic business environment. They range from rotoc
professionals and their adoption rate to new andvative
products is likely to differ due to the educatioevel,
culture, legal issues and governing policies.

Index Terms— Requirements Metamodel, Product
Line Software Engineering (PLSE), Social
Requirements.

This paper argues that the incorporation of samatext
| INTRODUCTION into the requirement metamodel, improves adoptiate r
' and service delivery schemes. The paper identfesetal

Requ!reme_nts engineering is the branch of SysteMgeqries and factors, and proposes a requiremetanmoelel
engineering concerned with the needs and__W|shes szgmework that not only serves as a construct & th
software-intensive systems, the goals to be actlievehe business sub process, but also serves as a basis fo

software’s domain, and assumption h in . : . e .
ptions about the doifia understanding, interpreting and predicting useiésvs and

2]. The term domain is used to denote a set ¢ésys or ; .
] s adoption rate. The rest of the paper is structasetbllows:

functional areas, within systems, that exhibit $mi ] s :
functionality [3] and has led to the developmenthaf term e next section provides a brief background oweo

domain engineering which lays the foundation foe thProduct line engineering and the social trendsaitmgre

emerging Product Line Software Engineering paradigngineering. Section Il introduces the requirement
(PLSE). metamodel and presents the need to include thelsoci

o . . context. The section further provides a framewofkhe
Through PLSE, it is believed that depending on thgtudy and basis for the development of the metamode

While Section IV illustrates a Case study, Sectidn
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Il. RELATED WORK more systems are abandoned before completion doesto
and time overruns [8, 9].
A. Product Line Software Engineering (PLSE) Knowledge management which is often seen as a
Product Line Software Engineering (PLSE) is a det groblem of capturing, organizing, and retrieving
applications with very similar requirements and feay information, evoking notions of data mining, text
differences that can be configured to provide rblgsassets clustering, databases, and documents; is also raiyre
[4, 5, 7]. Developing software for a PLSE is noteasy seeing the value of incorporating knowledge managgm
task as in a single product development. It reguinat the systems to consider the human and social factdrs 14]
family domain be critically analyzed to identifycdudefine such as social classes, educational status, setaslis,
common and variable features that can be usedemtecr political group and religion. These factors can atee
individual product instances. different user groups for profiling and predictidgferent
As PLSE gains popularity in software engineerirgae  user behavior.
the methodologies evolving. Methodologies rangingmf
the kernel and view approach to the Feature-OrnieRtuse  Ill. INCOPORATING THE SOCIAL CONTEXT IN TO
Method (FORM) have been proposed. Current THE REQUIREMENT METAMODEL

methodologies require a distinction between the FPLS goftware development is usually regarded as a gob f
development process into (i) domain engineering @)d requirements engineers, domain experts, systenysisal
application engineering. During domain engineeringy,g developers. While the domain experts and
domain experts strive to identify and define pradaanily  yequirements engineers strive to understand theaitom
requirements in terms of features; during appl@ati environment to identify requirements, developere ar
engineering, family members are produced by selgadr  responsible for identifying product features frorhet
tailoring features that will constitute the prodirdtance. domain.

Literature has now introduced the use of systertufea Moon et al [11] suggest that product features ftamaily
as a key describing property of the domain. Thevatbn ¢ systems be represented using a Requirements
lies in the fact that customers and engineers afpaak of pMetamodel. A metamodel is a model that describeshan
product characteristics in terms of features thalpct has model. It consists of appropriate constructs réfiecthe
and/delivers [5, 6, 7]. Features enable technigites declarations of data-definiton and data-manipatati
developing, parametrizing and configuring reusai#eets |anguages that represent the constructs or thalibgil
plus a specific process of commonality and varigbil piocks of the product. The metamodel also provides
analysis to be defined and featured in the reqerém prigge petween organizational structural aspectsl an
domain model. business subprocess, minimizing the complexityusitess

Although product features are essential inputscte process definition and at the same time improvihg t
asset development, they are not sufficient on thein as  efficiency and quality of it [11, 13].
they are constantly changing with the business
environment. This study requires that the business Domain Reguirement
environment should also be incorporated into thealo
model [5]. Although it has been suggested that eketing
and product plan perspective (MPP) be includedhe t
domain requirement model; social contextual issuesnot
fully integrated within. This leaves the requirernemodel 4 Variabilty ‘ Qualty of Service
describing the system behavior, specifications, lauginess
operating environment; with little reference toiaboeeds, ol ' '

through

service delivery mechanism and user adoption rate. 1 Has nfluence on

‘ CV Property C Service Quality features
B. SOCIAL ASPECTSOF IT - — 1 E
Has

Computer SyStemS arfa Components n _Iarger SOCIO- pv— ‘rNe“‘iﬁon Performancg Maintenance Reliability
technical networks that include human beings whe us

them to enhance their business operations and daily - Senice

activities. Their success is determined by the camityg of Eene

people who use it. Although there is a broadening Legend:

consensus regarding the nature of requirements ¢ =commonality

Engineering (RE) as a social and technical process V= Variability .

involving a variety of stakeholders engaging in edse Fig. 1. Requirement Metamodel [11, 13]
activities throughout; social and cognitive issize not Its purpose is to lay down an overall scheme for
firmly addressed in designing, building, evaluatiagd representing domain requirements. Figure 1 presants

maintaining computer-based systems. As a resu|Wmatypical metamodel for domain requirements. The core
systems that are built cannot be used as intenelesh Model element of a requirement metamodel is the dhom

Functional
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Requirement as it represents one general requirethan Domain Requirement

can be reused as a core asset of developing systems
product line. This usually leads to the developmeit
requirement metamodel. The requirement metamogsl! la
down an overall scheme for representing domai —

. . . .. Variability
requirements and provide a bridge between orgdoizat 4 ‘
structural aspects and business subprocess, mmithiz s

realized Has

complexity of business process definition and & shme | oo infence

1 on

time improve the efficiency and quality [11]. ‘ cvpmpenyw o - R ‘
It consists of Functional Requirement and Quatity é % é

Service (QoS) requirements with variants to distisly one
product feature from the other. Variations are woegut Performan Maimenan# Reliabilty ‘
using the Variability element and can either beooatl, .
alternate or mandatory. Functional Requirementistssf - Senice
services rendered to other parties within or oetside L ‘5" B
domain. A service defines the functionalities oti\dites Legend:
which a product within the domain pursue to fulfileir ¢ = commonality
goals. Services are, therefore, like use casesemasios. A V= Variability
service can have multiple sub services and can laso
refined to a service element. A service elementhis During domain engineering, domain experts idergiig
smallest unit that cannot be further decomposeduln define product family requirements in terms of tees.
services. A service can be influenced by QoS featusuch With each identified feature, it should be mapped t
as performance, maintenance and reliability. specific social requirements. At this stage, thentdied
features are general to the domain, and thus ogbnaral
. . social behavior of the people is captured. Comsmsial
A. Capturing Social Context behavior includes cultural theories, legislatiotesuwhich
Domain  requirements are usually identified Dbying the whole community as well as social attittideories
requirements engineers or domain experts. Theerti@ls toards new innovations. These features are furtfered
interacting  with  the customers to identify usery,ring the application development when family mersb
requirements, which are then documented to create g produced by selecting or tailoring featurest thill
requirement specification document. This documenally g stitute the product.
does not efficiently depict the social context loé domain, Through the pool of identified domain social fastor
but depicts the product requirements, and defisatufes foatyres are added and selected to suit the uEbese
[5] together with possible domain variations [1Akthough  social factors include cultural values and ethiosral
the domain expert’s role is to capture these syseatures, issues and assumptions shared by a group or acsuybgr
they usually have no idea of user's acceptancetoagach during their product development. This helps toticarally
product feature added. This is because the reqeifem reming them of the social context of the environtmien
specification document (RSD) normally does not la%p \hich the product will be assimilated and helpsnthe
social requirements [14]. identify the cultural shifts which might point toew
A typical RSD consists of system requirements rstgati products that might be wanted by users or to irszrea
system specification; functional requirements; dval gemand. Cultural shifts could be as a result ofitimg
requirements; and in some cases organizational apgre |eisure time, or telecommuting workers. Disfer
external requirements to reflect organizationalig®s, |5sses or groups differ in the type of featuresy frefer in
procedures and legislative regulations. UsuallyR8D is  ine product and their adoption rates to the product
written in a natural language which the customer g ther more, in developing countries, access émpfe
understands but is difficult to integrate with theyjth ow literacy rate and people not fluent in tmedian
Developer’'s language. Factors like organizationad a language in which the product is presented, canabe
social requirements cannot be adequately captureé stympling block in the products success. Poor dihrca
developer's language. These are left out duringackground of users could result in false perception
development and caught up with later after the pebts at  gecisions to buy or not to buy the product. Thunese
its final stage. ~ This phenomenon constitutes gngineer's literacy and understanding of the spcist
communication barrier and hinders the developmeRksential to ignore false perception about the conity
process, causing the right product to be marketetheé hey intend to serve. Although most think that iajirting
wrong market where it is not acceptable. To cowutethis  5g providing support to the users, it is enougtmake
problem, the inclusion of a social context factdging tem adopt and accept it, this is usually not tioe
features selection phase is crucial. We proposatthesion developing countries where technology is just migkiip
of the Social Requirement component in the Requrém npace and is perceived as foreign. In addition, wsteading
metamodel as in figure 2. the legislation matters which each country adoptd i

Functional Quality of Service

‘ Social ‘

Culture | Education| Political Religion

Has
relation
with

Mandatory Optional

Fig.2. Refined Requirement Metamodel



regulated upon is crucial in enhancing product #dop completed successfully when its goal is satisfied &
Legislation includes safety rules that are conagrméth extensively described in the use case “Descriptidsse
possible loss, damage or harm resulting in theaighe Case descriptions also include possible extensiass
product; security and privacy requirements whicte arreflected in Cockburn’s Use Case Template in Tabléhe
concerned with protection of the data used or eteby the “Description” section is expressed in natural lasgg
product, identity authentication requirements arfte t sentences, describing a sequence of what actiortheof
policies and regulations contained in using thedpob. In  system while Variations are expressed (in the "fEsitns”
addition, legislation needs to ensure that the ywrbd section) as alternatives to the main flow, linkedtheir
incorporates specific features for all users, tisatstart index to the point of the main flow from which thlesanch
making products that are accessible to users whvwe haas a variation [5].
disabilities. For example, people with disabilitiéave Variations are described and specified by tags that
unnecessary difficulties using the Web, and in scases, indicate those parts of the product line requireisien
cannot effectively use the Web at all [12]. Accbility also needing to be instantiated for a specific prodnc product
includes product dissemination to all users whadee$n related document. The tags represent three kinds of
both rural and urban areas. Thus software devedapeed variability:
to work hand-in-hand with social sciences and tlessn (i) Alternative, expressing the possibility to iastiate
management disciplines to identify or tailor domairthe requirement by selecting an instance among a
features that are acceptable to constitute prodistinces predefined set of possible choices, each of theperting
during the application development phase. This rgé¥e on the occurrence of a condition;
results in a rich Requirement Metamodel that inocaifes (if) Parametric/Mandatory, from which instantiatigs
factors that affect user adoption rate and buyiegsion. connected to the actual value of a parameter in the
requirements for the specific product and;

(iif) Optional of which the instantiation can bergoby

B. Reguirements Elicitation L .
. selecting indifferently among a set of values, Whare
Use Cases have been proposed as an effective appro&)tionm features for a derived product.
for Product Line Software Engineering elicitatiencapture

product features (especially functional requirerserfor
software systems [15, 16]. Table | provides a clear
illustration of a use case constitutes. Use cadksva
structuring of requirements documents with use geald

provides a means to specify the interaction betveeeactor 5km from a tarred road. The case study involvecblimg

and its environment. The term actor is_used tordwesthe Nongoma’s Small and Macro Enterprises reap thefitene
person or system that has a goal against the systeler of collaborative commerce by developing a localized

discussion. There are two main actors namely theamy  cystomized e-Commerce solution. This includes mugdn

IV. NoNGoMA SMES AS A CASE STUDY

Nongoma is a deep rural area in North KwaZulu Natal
characterized by high illiteracy and poorer comti§ as
compared to other rural areas as it is situatedentiman

and the secondary actor. innovative enabling platform based on grid compytito
TABLE | promote a new collaborative business model for SMEg
USECASE TEMPLATE generic nature of the Grid computing approach alow
Goal in context <a longer statement of the goabintext if customization of the functions of the platform ading to
> . . . L
needed . ' specific business requirements. South Africa’s Ir@Es
Scope andevel uerV;??jtess)i/;im 's being consideeerkitiox are characterized by high illiteracy rates and @o@nomic
Precondition <what we expect is the state of thedw growth. For the e-Commerce solution to bg appl@gbl
Success end condition  <the state of the world upon successful Nongoma, we need to have an understanding of disilso
completion> context in order to have a pool of knowledge sigfic
Failed end condition <the state of the world if Igeabandoned> h d | d P h | 9 i th
Primary and secondary <a role name or description for the primary enoug .t_O evelop a pro UC_t t a_t not only meetsr the
actors actor> productivity but also meets their social needs.
<other systems relied upon to accomplish the . o
use case> A. Requirements Elicitation
Tri <the acti the system that startsitiee S . . .
rager s Hon tpon e sysiem fat starts The grid infrastructure is to provide a foundatitor
Description Step  Action SMEs to perform their business online with othesibeass
1 <steps of the scenario from trigger to partners. The grid infrastructure incorporates atgbo
goal delivery, and any clean up> . . . . . .
2 < N which provides services in two main product categor
Extension Step  Branching action namely, the ordinary portal services and the mobdeal
la <condition causin? brsnching> services for mobile users. Each product category is
<action or name of sub-use case> . . - . . .
Sub Variations Step  Branching action differentiated into three different mstances dgmag on
1 <list of variations> the number or level of features. The instanceside(i)

Mini portal features: These are necessary featilvasare

While a primary actor triggers the system behavior required for a pc_)rtal_to be funchonal_such as [bgtae

order to achieve a certain goal, a secondary atteracts Management which includes controlling and displgyin
ith th ; but d 't i A product range; and an Ordering System responsiye f

wi € system but does not tngger. A USe Cas€ |Racing and processing customer orders; (i) Stehda



portal features that include mini portal featuresd a
additional features that offer differentiated cludeastics
eSales Management for orders and billing managem:
reports generation and analysis, marketing a
advertisement though banners; and Procurement wt
includes handling inventory and integrating tratisac
between buyers and suppliers either by event oatifin
such as SMS or email; and (iii) Deluxe specialifestures
that include both mini and standard portal feature
Compulsory features implemented will include Cajak
Management; eSales Management; Procurement; Custc
Relationship Management, ensuring provision of @ust
self services and direct marketing using PDAs f
subscribed customers; and Website Management tolda
content layout, web load testing and functionatings A
use case template is then set up to capture botfaidcand
social requirements; analyze and documented them
comprise preliminary domain knowledge.

Table Il illustrates the elicitation of culturalctars as
social requirements. The Use Case name is Culnhdetee
goal is to successfully map the system specifinatiomeet
cultural values, with the aim of enhancing easiseru
adoption and acceptance of the product.

TABLE Il
CULTURE USE CASE TEMPLATE

Goal in context Understanding whether the prodsict i
in alignment with cultural beliefs of

the target market

Scope and level
Precondition

South Africa, Zulu Kingdom
Cultural theory adherence
Success end condition  Product adoption
Failed end condition Product conflicts with cultwalues
Primary and secondary Zulu speakers, external parties

actors interested in the product
Trigger Ethics
Description Step  Action
1 Field study of Zulu beliefs
2 Understand business models
used by Zulu kingdom
Extension Step Branching action
1 Beliefs
2 Business practice
3 Product Adoption

The Use case is triggered once the Ethical behanar
moral values of the target market is questionece fitnal
product is targeted for South Africa where the caady is
being conducted but specifically to rural SMEs lie Zulu
Kingdom tribe. The Zulu tribe becomes the primacioes
who are to either accept and adopt or reject tbduymt. In
fulfilling the use case, a number of activities @awo be
followed including: (i) a field survey of the Zukingdom
to understand their culture; (ii) a survey of thekisting
business models, to identify ways in which they d=n
adjusted to accommodate the new product. In stgdijie
culture, different dimensions can be taken uporch sas
their beliefs, attitudes, awareness, and businesgipes.

B. Requirements Specification

The requirements specification process requiret dha
actor selects features from predefined domain kedge
that serves as dynamic content repository correipgrio
a portal application on the server. Figure 3 shawsactor
specifying the domain types, which in this casegtis the
e-Commerce domain.

Domain Management and Feature Specification

Help, About RSPL. Take a tutorial, Print, Exit.

' ehideandLocomotivelndust
Please chaose a domain name [Z5 e eanebecomeiverndust

[WehicleandLocomotive ndustny

Tetiannstitution

Fig.3. Domain Specification

Domain Management and Feature Specification

Help, About BSPT. Take a tutorial Print, Exit.

; Wini Web st
Please choose a product instange AT HED Sore eniees

ini Wieb store semvices
Standard Web store services
De leb store services
ini Mobile Web store senvices

Standard Mobile Web store services

D eluxe Mobile Web store services

Fig.4. Product instance specification
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Social Context

Culture Factors Zulu

Zulu
Tswana
Whenda
Afrikaner

Christian

Education

Religion

Legislation | ANC - |

| CANCEL || EDIT || PROCEED |

Fig 5. Elicit Social Requirement

Cultural History

Social Status | R AR =]

Buyer Behaviour | Initiator =~ ‘

Target Group | Middle Age i |
| BACK ‘ | PROCEED |

Fig 6. Sub Factors of the Cultural Feature

The different product instances that characterize t
domain are displayed as in figure 4 and the actakes a
choice of for example, deluxe features that offers
specialized services. After eliciting the domainl gmoduct,
the domain expert, together with the social scisrmed
management disciplines, uses the Social
requirement template to document gathered knowlédge
the system - Fig 5. Each requirement can be furtfered
to its simplest element. For example in Fig 5, ottue
Culture was selected, the tool automatically uptopde-
defined requirements, Fig 6, to identify the spedcsbcial
status and buying behavior of that culture withpees to
other cultures. This serves to properly documeaias user

Context
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