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The notion of viewpoints as a means of eliciting and
formulating requirements is now well known. However,
there is little practical evidence that viewpoint-based
requirements methods scale up to address real problems.
This paper presents a detailed case study based on a
medium-sized system, and illustrates how a viewpoint-
based requirements method can be used to structure and
specify system requirements. The case study is intended
to serve two purposes: first, to demonstrate the
scalability of viewpoint-based requirements methods;
and second, to act as a shared example for other
researchers in the field to test their techniques and
methods. The case study is based on an electronic
document delivery and interchange system (EDDIS). The
requirements are presented as they appeared in the
original user requirements document. The paper con-
cludes by outlining the lessons learnt in applying VORD
to EDDIS, and proposes a set of 10 comparators that
other researchers can use to compare their approaches
and techniques.
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1. Introduction

The notion of viewpoints as a means of formulating
software requirements is well documented [1–5]. The
proposed approaches range from those based on
extensions to structured analysis, such as CORE [6], to
those that use viewpoints as a vehicle for eliciting and
specifying requirements [2], through to those that use

viewpoints as means for integrating multiple techniques
in system development [7]. Some work has also been
done on the development of meta-viewpoint techniques;
the Preview method is a good example of this [8].
However, apart from the CORE method [6], there is little
published evidence that these methods scale to handle
real requirements problems.

The case study described here can be viewed as a
detailed real version of a library example such as are
commonly used in literature [5,9,10]. The simple
example, whilst useful for illustrating different require-
ments engineering techniques, suffers from two main
problems:

. It does not reflect the requirements of a real library
system.

. Its lack of detail makes it difficult to demonstrate the
scalability of the techniques.

In this paper we take the notion of a shared example
further and provide a more extensive but understandable
example which:

. Presents more than 30 requirements of a real library
system on which other researchers in the area can test
their techniques.

. Demonstrates how a viewpoint-oriented requirements
method, VORD, can be used to specify the system.

The system described here is an electronic document
delivery and interchange system (EDDIS). EDDIS is an
Electronic Library Programme (ELIB) sponsored project
whose objective is to develop a web-based library
system for the United Kingdom Higher Education sector.
Although the initial proposal for EDDIS was conceived
in the context of delivery of documents electronically,
EDDIS is also required to manage the request and supply
of printed documents across libraries, and is not
restricted to digitised documents.
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Therestof thepaperis organisedasfollows: Section2
provides a brief description of EDDIS and the
requirements for the system. Section 3 describes
VORD and how it was used to develop the EDDIS
requirements.Section4 discussesthe lessonslearntand
providessomesuggestionson how the problemscanbe
tackled.Section5 providesa summaryof the work.

2. EDDIS

The EDDIS system intends to support electronic
documentdelivery acrossa consortium of university
libraries.Userscanrequestdocumentsheldremotelyand
read,print andstorethemat their local university.

Therequirementsfor EDDIS canbesummarisedthus:

. Identifying documents

. Locatingdocuments

. Orderingdocuments

. Receivingdocuments(digitisedandnon-digitised)

. Providingaccessto documentsreceived

. Managing the receipt, lending and return of non-
digitiseddocuments

. Acting as a supplier in response to orders for
documents from other agents (including other
EDDIS servers)

. Keeping track of appropriatemanagementaccount
information

Figure 1 shows the EDDIS context diagram with the
main stakeholders.

2.1. System Requirements

In this section we describe a subset of the EDDIS
requirementsexactly as they appearedin the original
user requirementsdocument. This document is, we

believe, written in the same way as many real
requirementsdocuments,whererequirementsarewritten
asnumberedparagraphsof naturallanguage.

1. EDDIS will provide a mechanismfor the manage-
ment of ordering and supplying of all types of
documents,both digitised and non-digitised.In the
case of the receipt of non-digitised documents,
EDDIS will receiveandmanageboth returnableand
non-returnableitems, that is, EDDIS will have a
circulationsystemwith the following features:
(i)ii Lendingdocuments
(ii) i Returningdocuments
(iii) Recallingdocuments
(iv) Renewingdocuments
(v)i Dealingwith overduedocumentsandprocessing
fines.

2. In addition to requestingdocuments,EDDIS will
manageincomingrequestsfor documentsfrom other
agents,includingotherEDDIS servers,that is, it will
act asa supplier.

3. EDDISwill providea rangeof servicesavailableonly
to the systemadministrator.Theseareprimarily:
(i)i Specificadministrativeservices,for example,the

registrationof EDDIS users.
(ii) Managementof non-digitiseddocuments.

4. EDDIS will be configurableso that it will comply
with the requirementsof all UK and(whererelevant)
international copyright legislation. Minimally this
meansthat EDDIS mustprovidea form for a userto
sign the copyright declaration statement. It also
means that EDDIS must keep track of copyright
declarationstatements,which have beensigned/not
signed.Underno circumstancesmustanorderbesent
to supplier if the copyright statementhas not been
signed.

5. The prototype EDDIS will be required to be
operational at the four development sites by 1
March 1997.

6. Interfacerequirements:
(i)i The userinterfacewill bebasedon thehypertext

mark-up language(HTML). Users will access
EDDIS via standardWeb browsers.

(ii) EDDIS will be primarily an end-usersystem.
Userswill usethe systemwithin the constraints
of the permissionsassignedby theadministrator;
to identify, locate,orderandreceivedocuments.

7. Accounts:
(i)i Userswill log onto EDDIS via accounts,which

will becreatedby theadministrator.Therewill be
two types of accounts: individual and group
accounts.In general, individual accountswill
have access to more services than group
accounts.Fig. 1. Context diagram for EDDIS.
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(ii) Individual accountsareintendedfor singleusers.
All individual accountswill be passwordpro-
tected.Usersof theseaccountswill be able to
changethe passwordsin their accounts.Group
accountsare intended for groups of users,for
example,membersof the institution, faculty and
department.Some of these will be password
protected,others will not. However, only the
administrator will be able to change group
accountpasswords.

8. Services:
(i)ii Users will have accessto a range of services

determinedby the permissionsassociatedwith
theaccountstheyuse.Theadministratorwill set
the permissions. Services available within
accountswill vary: some accountswill have
accessto mostof theEDDIS services,but others
will be severelyrestricted.For example,some
accountswill be able to searchall databases
available to EDDIS, also to locate and order
documents;whereasothersmight only beableto
searcha restrictedset of databasesand not be
able to orderdocuments.

(ii) i Therewill be four primary servicesavailableto
users:
. Documentsearch

Will allow users to searchfor and identify
documents,which interestthem. A document
searchwill be initiated by searchcriteria and
theoutputwill bea setof document-idswhich
will actasinput for documentlocateandorder
services.

. Documentlocate
Will allow usersto determinethe location of
documents.A document locate will be in-
itiatedby a setof document-idsandtheoutput
will be a setof location-ids.

. Documentorder
Will allow users to order documents. A
documentorder will be initiated by a set of
document-idsandlocation-ids.Theoutputwill
initially beasetof order-idsandeventuallythe
documents.

. Documentread
Will allow users to read and where appro-
priate,print documents.

.(iii) Therewill be varioussecondaryservices:
. Statusenquiry

Will allow users to check the status of
documentorders.

. Userstatistics
Will provide the administratorwith informa-
tion aboutthe performanceanduseof EDDIS

. Non-digitiseddocuments
Will allow accessto non-digitiseddocuments:
books,photocopies,films, fiche etc.

9. Communication:
(i)i Userswill communicatewith EDDIS mainly via

the HTML interface.
(ii) User input to EDDIS will be via the HTML

interface.

3. Viewpoint-Oriented Requirements
De®nition Method

This section provides an overview of the Viewpoint-
OrientedRequirementsDefinition method(VORD) [2].
VORD is basedon viewpointsthat focuson userissues
and organisationalconcerns.The model adopted for
viewpoints is service-orientedwhere viewpoints are
analogousto clientsin a clientserversystem.Thesystem
deliversservicesto viewpointsand the viewpointspass
control information and associatedparametersto the
system.Viewpoints map to classesof end-usersof a
system or to other systems interfaced to it. The
viewpoints that makeup the core model are known as
direct viewpoints. To allow for organisationalrequire-
mentsandconcernsto betakeninto account,viewpoints
concernedwith the system’sinfluenceon the organisa-
tion are also considered.Theseare known as indirect
viewpoints.

A VORD viewpoint is an entity outsidethe system
that generatesa requirement(i.e. a requirementsource).
It can be a systemuser,a sub-systeminterfacedto the
intended system or an organisationalconcern.View-
points are structuredinto a classificationhierarchy to
accommodatethe variationsin userrequirements.

VORD viewpointsfall into two classes:

1. Direct viewpointscorresponddirectly to clients in
that they receiveservicesfrom the systemand send
control information and data to the system.Direct
viewpointsareeithersystemoperators/usersor other
sub-systems,which areinterfacedto thesystembeing
analysed.

2. Indirect viewpointshavean ‘interest’ in someor all
theserviceswhich aredeliveredby thesystembut do
not interactdirectly with it. Indirect viewpointsmay
generaterequirements,which constrainthe services
delivered to direct viewpoints, and the system
developmentprocess.

Indirect viewpoints vary radically. They may include
engineeringviewpoints (i.e. those concernedwith the
system design and implementation), organisational
viewpoints(thoseconcernedwith the systemsinfluence
on the organisation) and external viewpoints (those
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concernedwith the system’sinfluence on the outside
environment).Therefore,if we take the exampleof a
library system,an indirect viewpoint might be a trade-
union viewpoint that is concernedwith the effects of
systemintroduction on staffing levels and library staff
duties.

The importance of stakeholder perspectives in
formulating and reconciling requirements is also
recognised in other approaches.The ORDIT [11]
approach allows system designers to reason about
organisationalgoals, policies and structuresand the
work roles of intended end-usersin a way which
facilitates the identification and expressionof require-
mentsfor information systems.Boehm[12] proposesa
spiral approachthat revolvesaroundidentifying stake-
holders,their ‘win’ conditionsandreconcilingthe ‘win’
conditions to establishthe next-level objectives,con-
straintsandalternatives.Dardenne[13] proposesa goal-
directedapproachfor modelacquisition.Goalsareseen
as determining the respectiveroles of agents in the
systemandproviding a basisfor definingwhich agents
should best perform which actions. Although these

approachesmay havesomesimilarities with viewpoint
methods, their notion of viewpoint is less explicit.
Therefore,we do not regardthemasviewpoint-oriented.

In VORD, viewpoints and requirementsmay be
described using standard templates. A viewpoint
templatecomprisesthe componentsshownin Fig. 2.

A requirementtemplate comprisesthe information
shownin Fig. 3.

Figure 4 showshow the viewpoint and requirement
componentsarerelated.The main distinctionbetweena
direct and indirect viewpoint is in the generated
requirements.Unlike a direct viewpoint, which may
generatebothfunctionalnon-functionalrequirements,an
indirect viewpoint can generateonly non-functional
requirements.

VORD usesa simplegraphicalnotationto representa
viewpoint (seeFig. 5). A rectangularbox representsthe
viewpoint. The viewpoint identifier is shownon the top
left-handcornerof theboxandtheviewpointlabel in the
lower half of the box. The viewpoint type is shownon
the top right half of the box. A vertical line dropping
from the left sideof the box showsviewpoint attributes

Fig. 2. Viewpoint template.

Fig. 3. Requirement template.
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(discussedin section3.2). A viewpoint may also have
oneor morespecialisedtypes(shownto the right).

The notation is accompaniedby set of structured
forms to collect viewpoint requirementsand other

relatedinformation.Figure6 showsthe VORD process
model. The viewpoints and their accompanyingdoc-
umentationareproductsof the process,andareusedas
inputs to the requirementsreview process[14].

3.1. Identifying Viewpoints

We haveidentifieda numberof abstractviewpointsthat
act as the starting point for identifying application
specificviewpoints.Figure7 showsa setof the abstract
viewpoint classes.This is a greatly reduced set of

Fig. 5. Viewpoint notation.

Fig. 4. Viewpoint information structure.

Fig. 6. VORD process model. Fig. 7. Abstract viewpoint classes.
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viewpoints, and organisationsmay identify abstract
viewpoints that are more relevantto their applications
domains.

The method of viewpoint identification involves a
numberof stages:

1. Prune the viewpoint class hierarchy to eliminate
viewpoint classes,which are not relevant to the
specificsystembeingspecified.

2. Considerthe systemstakeholders,i.e. thosepeople
who will be affected by the introduction of the
system.If thesestakeholdersfall into classes,which
arenot part of the abstractclasshierarchyadd these
classesto it.

3. Using a model of the systemarchitecture,identify
sub-systemviewpoints. This model may either be
derivedfrom theexistingsystemmodelsor mayhave
to bedevelopedaspartof anRE process.Sub-system
viewpointsareinstancesof thesystemviewpoint,and
include all systemsthat are going to interfacewith
proposedsystem.

4. Identify systemoperatorswho use the systemon a
regular basis,who use the systemon an occasional
basisand who requestothersto use the systemfor
them.All of thesearepotentialviewpoints.

For each indirect viewpoint class which has been
identified,considerthe roles of the principal individual
who might be associatedwith a class. For example,
under the viewpoint class ‘customer’, we might be
interestedin the roles of ‘regulations officer’, ‘main-
tenancemanager’,‘operationsmanager’etc. There are
often viewpointsassociatedwith theseroles.

Basedon this approach,the structureof the view-
points identified for EDDIS is shownin Fig. 8. Direct
viewpointsareshownin clearrectanglesandtheindirect
viewpoints in grey. The EDDIS user viewpoint is a

direct viewpoint and comprises the ‘academic’ and
‘administrator’viewpoints.Therationalefor subclassing
the EDDIS userviewpoint asshownis twofold:

. The viewpointsidentify the main rolesandresponsi-
bilities of the EDDIS user.

. Theviewpointsallow usto bequitespecificaboutthe
requirementsof the users.

The generalEDDIS user, for example,requiressearch
and locate services from the system but the lower
viewpoints require progressivelyspecialisedservices.
Structuringviewpointsin thismanneralsoallowsVORD
to accommodatesimilar serviceswith differing qualities
asa resultof the constraintsimposedon them.

All identified viewpointsare accompaniedby a brief
descriptionexplainingtheir role in the problemdomain
(Fig. 9).

3.2. Documenting Viewpoints

3.2.1. Viewpoint Attributes

Viewpoint attributesrepresentvalues that characterise
the viewpoint in the problemdomain.They are things

Fig. 8. Viewpoint structure for EDDIS.

Fig. 9. Viewpoint description.

120 G. Kotonya



‘contained’or ‘owned’ by theviewpoint, for example,a
customerviewpoint in a bankingenvironmentmayhave
a name and an account as attributes. Attributes are
importantbecausethey representdatathat is consumed
by the system operations. In VORD, attributes are
documentedfor directviewpointsbecausetheyrepresent
control information and appearas parametersin event
scenarios(describedin Section3.4).

Viewpoint attributesarealsogeneralisedfrom right to
left (Fig. 10). All EDDIS user viewpoints have a
username and a password to facilitate access to
EDDIS. In addition all EDDIS usershavea permission
vector that holds a set of databaseids, catalogueids,
servicesids andaccountsaccessibleto the user.All the
academicviewpointshavea registrationandthe EDDIS
administratorviewpointhasanadministrationpassword.
The supplierviewpoint hasa name,a postal,e-mail and
IP address,phonenumberandthesetof documentsheld.
Externalsuppliersmay havea chargingschemefor the
documentssupplied.A specificattributeis identifiedby
the viewpoint identifier (in bold) and followed by the
attribute number.Thus, for example,the ‘registration’
attribute appearingin the academicviewpoint has the
identifier 1.1.1.

Apart from an identifierandlabel, it is alsoimportant
to define the structureof a viewpoint attribute. Many
attributes are not atomic structures, and may have
severalparts. The EDDIS user passwordattribute, for
example,needsto havea componentthat allows for the
differentiationof the generaluserand EDDIS adminis-
trator.Structuraldefinitioncanbedoneincrementallyat
varying levels of abstraction as the specification
develops, and more information becomesavailable.
VORD usesthe BackusNaurForm (BNF) notation for
this purpose.Thus, at a high level, we can define the
permissionvectorattributeasshownin Fig. 11:

3.2.2. EDDIS User Requirements

TheEDDIS userrequirementsareshownin Fig. 12.The
requirementsare derived from the natural language
requirements in Section 2.1 and structured around
viewpoints. This is an iterative processthat required
continuous verification with the user requirements
document.The requirementshave been numberedto
reflect their viewpoint association.The requirement
identifier comprisesthe viewpoint identifier (bold part),
followed by therequirementnumber.A requirementthat
extendsanotheris indicatedextendingthenumberingof
the parent requirement.We have retainedthe natural
languagestatementsshownin Section2.1for traceability
reasons.

Thedocumentationshowstheviewpointidentifier(Id)
andtherequirementdetails.Theacademicviewpointhas
no specific requirementsof its own but inherits the
requirementsof the EDDIS user viewpoint. Similarly,
the student and external user viewpoints inherit the
requirementsof the academicviewpoint. In addition to
inheriting the requirementsof their parent classes,
viewpointspecialisationsmayalsohavespecificrequire-

Fig. 10. EDDIS viewpoints with attributes.

Fig. 11. User permission vector.
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Fig. 12. Requirements for EDDIS user.
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ments. The managementservices, for example, are
providedonly to the EDDIS administrator.

It is important that each requirement has an
accompanyingrationale. Requirementrationale is an
important tool for gauging the relevanceand level of
importanceof a requirement,particularly when trade-
offs needto bemadebetweenrequirements.In VORD, a
requirement rationale is representedas a natural
languagetext that accompanieseachrequirement.We
do not have the spacehere to show the rationale for
EDDIS requirements.

3.2.3. Document Supplier Requirements

The documentsupplierreceivesrequestsfor documents
from the usersthrough the ‘document order’ service.
Documentssentby the supplierarereceivedby EDDIS
andpassedonto theuseraccount.Becauseit is a system
in its own right, the documentsupplier may provide
servicesas well as generaterequirements;we therefore
needto analyseit from two perspectives:

. As a directviewpoint to EDDIS.We needto establish
what services,if any, the documentsupplierexpects
from EDDIS, and what constraintsit imposes on
EDDIS.

. As a systemwith EDDIS as a direct viewpoint, and
the indirect viewpointsactingaspotentialsourcesfor
constraints. We need to establish what services
EDDIS requires from the document supplier and

whatconstraintsit imposeson thedocumentsupplier.
We also needto establishhow it is affectedby the
indirect viewpoints.

Document supplier as viewpoint. The requirements
generatedby thedocumentsupplierareshownin Fig. 13.

Document supplier as a system. The requirements
generated by EDDIS are shown in Fig. 14. No
requirementsare generatedwith respectto the indirect
viewpointsin this case.

Thekind of analysisdonefor thedocumentsupplieris
critical for distributed systems.The supplier require-
mentsaremodelledaspart of the eventscenariofor the
documentorderservice(seeFig. 20).

3.2.4. Requirements for Indirect Viewpoints

EDDIS has three indirect viewpoints: EDDIS consor-
tium, documentstandardsandcopyrightlegislation.The
EDDIS consortiumviewpoint is concernedwith issues
affecting the system developmentand the quality of
servicesto be provided.Most of the constraintson the
EDDIS userservicesoriginatefrom this viewpoint.The
document standards viewpoint is concerned with
documentinterfaceand ordering standards.The copy-
right legislationviewpoint is concernedwith the copy-
right requirementsassociatedwith the documents(Fig.
15).

Fig. 13. Document supplier requirements.

Fig. 14. EDDIS requirements.
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3.3. Identifying Constraints

Becausethey are constraintson systemservices,non-
functional requirementsgreatly influence the design
solution[15]. In real-timesystems,performancerequire-
ments may be of critical importance,and functional
requirementsmay need to be sacrificed in order to
achieveminimally acceptableperformance.The expres-
sion of non-functional requirements poses several
problems:

. Certain constraints,for example responsetime to
failure, are related to the design solution that is
unknownat the requirementsstage.

. Other constraints,especially those associatedwith
humanengineeringissues,are highly subjectiveand
can only be determinedthrough complex empirical
evaluations.

. Non-functionalrequirementstendto berelatedto one
or more functional requirements.Expressingfunc-
tional and non-functional requirementsseparately
obscuresthe correspondencebetweenthem, whereas
statingthemtogethermakesit difficult to separatethe
functionalandnon-functionalconsiderations.

. Non-functional requirementstend to conflict and
contradict each other. The processof arriving at a
trade-off in theseconflicts dependson the level of
importance attached to the requirement and the
consequenceof the change on other requirements
andthe wider systemgoals.

A numberof frameworksfor representingandusingnon-
functional requirementshavebeenproposed.Mylopou-
los [16] proposes a goal-driven framework which
provides for the representation of non-functional
requirementsin terms of interrelatedgoals. The goals
are refined through refinement methods and can be
evaluatedin orderto determinethedegreeto which a set
of non-functional requirements is supported by a
particular design.Chung[17] describesan incremental
approachthat shows how a historical record of the
treatment of non-functional requirementsduring the
developmentprocesscan also serve to systematically
support evolution of the software system. In the
approach,changesare treated in terms of adding or
modifying non-functional requirements,or changing
their importance,and changesin design decisionsor
designrationale.

Fig. 15. Requirements for indirect viewpoints.

Fig. 16. Constraints on EDDIS services.
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In VORD, non-functionalrequirementsareviewedas
constraintson viewpointservices,control informationor
thesystemin general.Viewpointsmayprivately impose
constraintson receivedservicesanddifferentviewpoints
may placedifferent constraintson similar services,asis
thecasewith performanceconstraintson somereal-time
systems.Viewpoints may also generatenon-functional
requirementsthat constraint the servicesprovided to
otherviewpoints,asis thecasewith indirectviewpoints.

3.3.1. Constraints on Services

This section identifies and documentsthe constraints
affecting the servicesprovided by EDDIS. Figure 16
showsthe constraintson the EDDIS userservicesand
the affectedservices.Constraintscan be tracedto non-
functional requirementsthroughtheir identifiers.

3.4. Describing System Behaviour

VORD useseventscenariosto modelsystembehaviour.
Event scenariosdescribehow the systeminteractswith
its environment.They capturethe control relationships
betweenthe proposedsystemand its environment.The
provisionof a viewpoint serviceis the culminationof a
seriesof eventsarisingfrom theviewpoint,andfiltering
through levels of control to entities within the system
that are ultimately responsiblefor its provision. Event
scenariosprovide a modular and traceable way of
modellingsystembehaviour.

An eventscenariois definedasa sequenceof events
together with exceptions that may arise during the
interchangeof information betweena direct viewpoint
andthe system.A normalsequenceof eventsmay have
exceptionsatvariouspointsin theeventsequence.At the
systemlevel, exceptionscausea transferof control to
exception handlers. VORD uses an extended state
transition model based on the model proposed by
Rumbaugh[18]. Exceptionsare shown in grey arrows
andnormalsequencesin black.A transitionis triggered
by an event and/or preconditions, which must be
satisfiedbefore the transitioncan take place.An event
may include an optional set of parameters,andmay be
accompaniedby a setof actions.Thelevel of abstraction
usedin eventscenariosmay be varied to improve their
readability. We use semi-formal descriptions in the
examplesshownhere.The following key is to be used
whenreadingeventscenarios:

1. event(optionalset of parameters)(event labels are
shownitalicised)

2. [precondition] (preconditionsare enclosedin square
brackets)

3. /actions(action labelsstartwith a forward slash)

Figure 17 showsthe statetransitionnotationused.The
normal sequenceof events is shown in black and
exceptionsin grey. The initial stateis labelled in bold
typeface.

3.4.1. Event Scenario for System Access

The ‘systemaccess’serviceis concernedwith providing
theuserwith accessto EDDISservicesandsettingupthe
default user environment.Figure 18 shows the event
scenariofor the systemaccessservice.The systemis
initially in idle stateuntil the userlogs on with a valid
usernameandpassword.A valid usernameandpassword
causesthesystemto go into a readystatewhereit opens
a sessionandsetsup the environmentbasedon the user
permissionvector. An invalid usernameor password
causesan exceptionto be raised.

When the systemis in the ready state,the usercan
selectthe desiredservice;this is equivalentto sending
the system a select(service)event. To maintain a
reasonablequality of service, all EDDIS servicesare
constrainedby the level of demand.A systemmonitor
keepstrack of servicerequestsand allows or disallows
them accordingly.When the userselectsa service,the
systemgoesinto the servicestate,where it displaysa

Fig. 17. Notation for extended state transition model.

Fig. 18. Event scenario for system access.
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menu for the selectedservice.A ‘time-out’ exception
will occur if the user fails to make a choice within a
permittedtime, referredto as‘idle-time’. A quit eventin
the servicestatecausesa transitionto the readystate.

Thereadystateformsthecommonpoint for accessing
all other EDDIS services.A user is allowed to access
only thoseservicesset in the user’spermissionvector.
Theservicestaterefersto thesystemin aspecificservice
state,for example,documentsearch.

EDDIS providestwo types of user-accounts:indivi-
dualandgroup.Usersof individual accountsareallowed
to alter the environmentof the selectedservice, for
example, to select the initial set of databasesand
cataloguesto besearched.ThesetParameter(parameter)
eventallows userswith individual accountsto do this.
Userswith groupaccountsarenot permittedto do this.
We will limit our illustration here to the scenarios
associatedwith thedocumentsearchanddocumentorder
services.

3.4.2. Event Scenario for Search Service

Thedocumentsearchserviceallows theuserto searcha
set of databases,D, to obtain detailsof documentsthat
match a key basedon the searchcriteria. The search
criteria may be the author’s name, document title,
documentISBN or a keyword.The databasessearched
are determinedby the set of user permitteddatabases
(Pdatabases). The eventscenariofor the searchserviceis
shownin Fig. 19. The result from the searchis placed
in a ‘search basket’ and displayed as a set of
document_ids.

3.4.3. Event Scenario for Order Service

The document order service allows users to order
documents from a list of permitted suppliers. The
output from this service is initially a set of order-ids,
and later documents.

Figure20 showsthe eventscenariofor the document
order service. The set of user permitted suppliers
representedby Psuppliers. The serviceis initiated by an
input(document_id,location_id) event. The documents
arestoredlocationsdeterminedby theuser’spermission
vector.If a requestis madefor anon-digitiseddocument,
a supplier confirms availability via e-mail to the user,
andsendsthe documentto the Librarian.

3.5. Analysing Requirements

The objective of requirementsanalysisis to establish
that viewpoint requirementsarecorrect,‘complete’ and
feasible.Thereare four main stagesto this analysis.

1. Correctnessof viewpoint documentation:viewpoint
documentationis checkedto ensureconsistencyand
completeness.

2. Conflict analysis: conflicting requirementsare ex-
posedandwaysto resolvethe conflictsproposed.Fig. 19. Event scenario for document search.

Fig. 20. Event scenario for order service.
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3. Feasibility analysis: requirementsare checked for
feasibility with respectto the developmentschedule
andavailableresources.

4. Changesare negotiatedfor ‘problem’ requirements
andagreed.

Figure 21 shows the VORD requirementsanalysis
process.

3.5.1. Completeness Checking

Completenessinvolves verifying that a viewpoint has
beencorrectlyandcompletelydocumented.In Section3,
we defined a viewpoint information template as
comprisinganidentifier,a description,a type,attributes,
requirements,goals,eventscenarios,specialisationsand
history.Although someof this informationmustappear
on all viewpoints, other information may be omitted
dependingon whethertheviewpoint is director indirect.
Figure 22 showsthe relationshipbetweena viewpoint
type andthe needfor correspondingdocumentation.

This schemeis used to verify the completenessof
viewpoint documentationandis explainedasfollows:

1. A ‘yes’ means that the documentationmust be
presentin the viewpoint; for example,a viewpoint
must be uniquely labelled and traceableto abstract
viewpoints.

2. A ‘no’ meansthat the correspondingdocumentation
is not part of the viewpoint; for example,an indirect
viewpointdoesnot receiveservicesor haveattributes.

3. An ‘optional’ means that the documentationmay
optionally be presentin the viewpoint. For example,
viewpointsmay or may not havespecialisations;and
direct viewpoints may or may not have non-
functional requirements.Where an optional docu-
mentationis present,it mustbecheckedagainstother
related documentation(see viewpoint information
structurein Fig. 4).

4. ‘yes*’ denotesa set of information, at least one of
which mustbedocumentedin theviewpoint.In other
words the set refers to information that may be
present in whole or part, in the viewpoint. For
example,somedirectviewpointsreceiveservicesand
provide control information, others provide only
control information.

Correctnesscheckingis alsointendedto ensurethatthere
is continuitybetweenindividual eventscenariosandthat
control information usedin the eventscenarioscan be
tracedto viewpoints(Fig. 23).

3.5.2. Con¯ict Checking

Conflicting requirementsmay arisefrom contradictions
amongindividual viewpoints.Viewpointshavediffering
stakesand interactionswith the intendedsystemand
have requirementsthat are closely aligned with these
interests.Non-functional requirementstend to conflict
andinteractwith othersystemrequirements.Thiskind of
conflict may be quite specific,as in the following two
cases:

Fig. 21. VORD requirements analysis process.

Fig. 22. Checklist for viewpoint documentation.
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. Wherethe provisionof a serviceacrossviewpointsis
associatedwith different constraints of the same
generaltype.

. Wherethe provisionof a serviceacrossviewpointsis
associatedwith similar constrainttypes;but differing
constraintvalues.

*It may also be the case that a requirementin one
viewpoint contradictsa requirementin anotherview-
point. These types of conflicts can be exposed by
analysing the constraintsassociatedwith a particular
service,for consistency,and by analysinga viewpoint
requirementsagainst the requirementsin other view-
points for contradictions.In addition to thesespecific
viewpoint requirements,there are high-level organisa-
tional and other global requirementsthat define the
generalquality attributesof theintendedsystem.Quality
goalsarenormallygeneratedby indirect viewpointsthat
make up the organisation purchasing the software
system.Requirementsthat areaffectedby thesequality
attributesmustbe analysedagainstthe quality attributes
for consistency.

Individual measuresof quality may alsoconflict with
eachother, and compromisesmay have to be reached.
The solution sought is an optimum balanceof factors
rather than an ideal solution. The checking model
adoptedby VORD is basedon ensuringthat information
can be presentedin a way that manual analysis is
simplified. Figure 24 shows part of conflict analysis
matrix for the documentsearchrequirement.

3.5.3. Feasibility Checking

Feasibility checksare intendedto ensurethat require-
mentsare feasible in the context of the resourcesand
scheduleavailableto thesystemdevelopment.Infeasible
requirementsmay be delayed,deferredor removed(see
Fig. 25).

3.5.4. Requirements Negotiation

The list of incomplete, conflicting and infeasible
requirementstogether with proposedactions is taken
through a process of requirementsnegotiation. The

Fig. 23. Partial scenario information analysis.

Fig. 24. Partial con¯ict analysis matrix.
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requirementsnegotiationis mainly a humanprocessthat
is supported by the information collected during
requirementsanalysis. It is important to note that a
requirementmay conflict with several other require-
ments. This may a result in the requirementhaving
severalproposedchanges.It is importantto ensurethat
the suggestionsdo not in themselvesconflict. Figure25
showsa summaryof someof the problemsencountered
during the analysis of EDDIS requirements,and the
agreedactions.

3.6. Requirements Review

ThedocumentsproducedduringtheVORD requirements
processarenotonly intendedasinputsto thenextstageof
the process,but also form inputs to the review process.
The review processis intendedto checkthe documents
for consistency,traceability,completeness,understand-
ability and conformance,among other things. VORD
providesa list of checklistquestionsto help reviewers
with this process.Thecompletelist is shownin Fig. 26.

Fig. 25. Summary of analysis and changes.

Fig. 26. Viewpoint checklist.
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3.7. Requirements Speci®cation

For mostnon-trivial systems,thereis a needto translate
the result of the requirementsanalysisprocessinto a
standardrequirementsdocument,to conform to indust-
rially recommendedpracticesfor specifying software.
This section describes how the viewpoint-oriented
requirementsfor EDDIScanbetranslatedinto astandard
specification document. The requirementsdocument
standardusedis adaptedfrom the recommendationsof
the IEEE standard830-1993[19]. Figure27 showspart
of the EDDIS requirementsdocument. The VORD

requirementsdocumentis structuredin the context of
viewpoints to maintain traceability with viewpoints.
SectionA providesa shortdescriptionof the viewpoint
and section B the viewpoint type. Section C lists all
viewpoint specialisationsin terms of their references.
Section D provides the developmenthistory of the
viewpoint and its components).SectionE describesthe
viewpoint requirements.In addition, serviceshave an
eventscenarioandspecification.Thedescriptionof non-
functional requirementsincludesreferencesto affected
services.

Fig. 27. Part of EDDIS requirements speci®cation document.

130 G. Kotonya



4. Lessons Learnt

The processof specifying EDDIS requirementswith
VORD has been largely successful.A proof of the
concept system is planned for operation at the four
developmentsites by December1998. However, we
have noted a number of generalweaknesseswith the
method.Theseincluded:

. Lack of rapid change managementtechniques.In
VORD, asin mostrequirementsmethods,the process
of changemanagementis compoundedby theneedto
trace and analyselarge amountsof complex inter-
related information. Many requirements methods
addressthis problem by freezing requirementsat
fixed points within the life cycle; however,this may
lead to systemsthat fail to meet the real business
needsof the systemprocurer[15].

There is a needin requirementsengineeringfor a
rapid and cost-effective means of addressingthis
problem.Oneway to addresstheproblemwould beto
look at ways of managing change through rapid
visualisation of change scenarios. Scenario-based
techniqueshavepreviouslybeenusedin requirements
engineeringfor supportingearly requirementsvalida-
tion and providing guidelines to build prototypes.
However, theseare largely concernedwith require-
ment elicitation and are not designedfor analysing
and assessingthe impact of change.The author is
currently investigatinguseof scenario-basedvisuali-
sationtechniquesasa meansof analysing,tracingand
controlling requirementschangefrom early require-
ment formulation through to later system develop-
ment.The intention is to be ableto modelboth static
change scenariosshowing static dependenciesand
dynamic change scenariosthat show how control
ripplesthroughthe system.

. Lack of supportfor the social process.It is important
to understandthat requirementsengineeringis both a
technologicalanda complexsocialprocess.Conven-
tional technicallyorientedapproachesto requirements
elicitationonly addresspartof theproblem.In VORD,
viewpoint and early requirementsidentification pro-
cessmight benefit from the supportof an approach
that takesinto accountthe social aspectsof system
development. One such approach is the USTM
method developedby Macaulay [20]. USTM is a
cooperativerequirementscapturemethodin which the
socialprocessis managedthroughtheuseof a human
facilitator. USTM is organisedaroundworkshopsand
workgroups where stakeholdersinteract and brain-
stormin identifying objectsand tasksin the problem
domain.The role of the facilitator is to maintainthe
group focus and cohesivenessby managing the

agenda, observing the group process, diagnosing
problems,design solutions and making appropriate
interventions.Consolidationworkshopsare used to
assessthe quality of the information gatheredand to
reassessthe businesscasefor the system,andto plan
for thenextphaseof work. A different,but potentially
useful approach is proposed by Potts [21]. The
approach,basedon an inquiry model, is intendedto
support the requirementsidentification processby
continuouslyrefining vaguestakeholderrequirements
until they aresufficiently acceptable.The modeluses
a hypertext model where each requirement is a
separatenode in the hypertext. The processworks
by getting stakeholdersto challenge the proposed
requirementsby attachingannotations.The require-
mentsevolve through a processof changerequests,
discussionandmodification.

. Lack of support for collaboration. Currently VORD
does not support user/engineercollaboration; how-
ever,it is possibleto extendit to providesuchsupport.
This is quite important because the process of
developing large software systems involves the
participation of experts at various levels of the
software developmentand application area. It is
important that the requirementsmethod provides
supportfor the roles, interactionand responsibilities
of the various participants.It would be desirableif
such a framework supportednot only the need for
communicationamongstthe participantsbut also the
requirementsprocess.This would facilitate remote
working by participantswith a subsequentreduced
needfor face-to-facemeetings.In thecaseof EDDIS,
participants felt the need to communicateoutside
scheduledmeetingslargely to seek clarification or
opinion on assignedactions.

A startingpointmightbeto useVORD to formulate
the requirementsof the collaborativeframework. In
such a scenario, viewpoints would represent the
variousstakeholders(participants).Servicesrequired
by the stakeholderswould representthe additional
functionality expectedof VORD. Group interaction
could be modelledaseventscenarios.An interesting
aspect of this formulation would the process of
resolving the constraints associated with group
interaction.

. Lack of guidelines. Viewpoint-basedrequirements
methodshave been around for several years now;
however, there is a general lack of information on
their suitability for use on large systems. This
particular project was largely successful,because
VORD was primarily developed for specifying
interactivesystems,a classof systemswhich EDDIS
closelyfitted.While theservicemodelusedby VORD
is quite intuitive, it may have difficulty addressing

Practical Experience withViewpoint-Oriented Requirements Specification 131



problemsassociatedwith systemsthatdonot fit neatly
into the service-orientedsystems(SOS) paradigm.
Service-orientedsystemscan be viewed as service-
providingenterprises;theyemploysystemscomposed
of people,computerhardwareandsoftware,andother
mechanisms to perform service actions in the
customerenvironment[22].

Clearly thereis a needfor a set of comprehensive
guidelines on the suitability of use of viewpoint
approacheswith largesystems.It is possiblethatmore
casestudiesmay needto be carriedout beforesuch
guidelinescanbe provided.

. Limited interoperability of VORD toolset.VORD is
basedon anintegraltoolsetthat is intendedto provide
supportfrom initial requirementsformulationthrough
to detailed specification. The toolset provides a
number of useful facilities including: support for
viewpoint creation and documentation,consistency
andcompletenesschecking,eventscenariomodelling,
reviews and report generation.However, the toolset
lacks facilities that can enableusersto shareor port
the information to other softwaretools and methods.
This facility would providea meansof integratingthe
complementarystrengthsof various approachesto
studyaspectsof the problemdomainthat may not be
amenableto a singlemethodor technique.

We are currently evolving VORD to addressthese
problems and will report our results in a later
publication.

5. Summary

This paperhas demonstratedthe practical utility of a
viewpoint-basedrequirementsapproach,VORD, on a
medium-sizedinteractivesystem.

. VORD viewpointsfocuson userissuesandorganisa-
tional concerns.We haveshownhowtheycanbeused
to elicit varied stakeholderrequirements.In EDDIS,
the stakeholdershaveincludedEDDIS users,admin-
istrators, document suppliers, EDDIS consortium,
documentstandardsandcopyright legislation.

. VORD provides an open and traceableframework
within which otherapproachesandtechniquesmaybe
incorporatedto complementthemethod.It is possible,
for example,to deriveusecasesfrom eventscenarios;
andto associatethemwith services.It is alsopossible
to specify servicesusing a variety of notations to
promoteunderstandability.

. We havedemonstratedthe importanceof incorporat-
ing indirect viewpointsin the requirementsengineer-
ing process. In EDDIS, this has enabled us to

explicitly address the concerns generatedby the
EDDIS consortium,documentstandardsand copy-
right legislation.

. We have shown how the explicit identification of
viewpoints with services in VORD has made it
possibleto createa framework where many aspects
related to system requirementscan be integrated.
VORD provides a framework where viewpoints,
services, non-functional requirements and event
scenarioscanbe integrated.

. Eventscenarioshavebeenusedin VORD to describe
the behaviourof the EDDIS system.Event scenarios
providea modularandconciseway of describingthe
complexinteractionsbetweenthe EDDIS viewpoints
andsystem.

. VORD has no predefined notation for specifying
services.In large complex systemsmore than one
notationmaybeneededto representandcommunicate
the requirementsadequately.

. VORD supportsthe translationof requirementsto a
standardrequirementsdocumentsuch as the IEEE
standard830-1993.This is important for conformity
with industrially recommendedsoftwaredevelopment
practices.

Finally, to assistother researchersin comparingtheir
requirementsengineeringtechniques,we haveidentified
a set of 10 comparatorsdrawn from the lessonslearnt
with EDDIS andour experiencein the field:

. Accommodationof stakeholderconcerns.To what
extent does the approach accommodatevarying
stakeholderrequirementsand concerns?The require-
mentsanalysisprocessis greatly aidedby the ability
of a methodto separatestakeholderconcernswhile
maintainingthe correspondencebetweenthem.

. Integrationof differentnotations.To whatextentdoes
the approach support the integration of different
notations?There is no single requirementsnotation
thatcanadequatelyarticulateall therequirementsof a
system.

. Definitionof systemenvironment.To whatextentdoes
the approachsupport the definition of the system’s
environment?The requirementsmodel is incomplete
unless the environment with which the system
interactsis modelled.This should include a descrip-
tion of the interaction betweenthe systemand its
environment.Themodellingof exceptionscenariosis
particularly important.

. Integration of functional and non-functionalrequire-
ments.To what extentdoesthe approachsupportthe
integrationof functional and non-functionalrequire-
ments?Non-functionalrequirementstendto berelated
to oneor morefunctional requirements.
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. Requirementsanalysis. To what extent does the
approach support consistency, completenessand
feasibility checking?

. Usercollaboration.To whatextentdoestheapproach
support collaboration betweenthe intended system
users and the requirements experts during the
requirementsformulation?

. Guidelines. To what extent does the approach
provide guidelineson its suitability for useon large
systems?

. Standardisation.To what extentarethe resultsof the
requirementsanalysis,as producedby the approach,
translatableto a standardrequirementsdocument?

. Change management.To what extent does the
approach support requirements change? It must
recognisedthat requirementsarebuilt graduallyover
long periods of time and continue to evolve
throughoutthe component’slife cycle. The require-
mentsdefinition processusedshould be tolerant of
temporaryincompletenessandadaptto changesin the
natureof theneedsbeingsatisfiedby thecomponent?

. Requirementsvalidation. To what extent does the
approach help with the process of requirements
validation?

. Tool support. To what extent is the approachor
methodsupportedby tools?
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