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Abstract. In current literature few detailed process modelsRequirements
Engineeringare presented:usually high-level activities are distinguished,
without a more precise specification of eachactivity. In this paper the

processof Requirement€Engineeringhas been analyzedusing knowledge-
level modelling techniques,resulting in a well-specified compositional
process model for the Requirements Engineering task.

1 Introduction

Requirements Engineering (RBJldressethe developmentndvalidation of methods
for eliciting, representinganalyzing,and confirming system requirementsand with
methods for transforming requirements into specifications for design and
implementation. A requirements engineering process is characterised as a structured set
of activities that are followed to create and maintasystemsrequirementslocument
[4], [8], [9], [10] . To obtain insight in thiprocessa descriptionof the activitiesis
neededthe inputs and outputsto/from eachactivity are to described,and tools are
needed to support the requirements engineering process.
No standardand generallyagreedrequirementengineeringprocessexists. In [8],
[10] the following activities are expected to be core activities in the process:
¢ Requirementslicitation, through which the requirementsare discoveredby
consulting the stakeholders of the system to be developed.
« Requirements analysend negotiation, through whiglequirementsare analyzed
in detail for conflict, ambiguities and inconsistencies. The stakeholders ageee on
set of system requirements as well.
* Requirementsvalidation, through which the requirementsare checked for
consistency and completeness.
¢ Requirements documentatjghrough which the requirements are maintenained.

In [5] also the activity modelling is distinguished.In [9] the main activities
elicitation, specificationandvalidation are distinguished Other approachesn the
literature distinguish other activitiefgr example,requirementsdetermination[12].
These activities overlap with some of the activities mentioned above.



Various knowledgemodelling methodsand tools have been developed[3] and
appliedto complex tasks and domains.The applicationof a knowledgemodelling
methodto the domainof Requirement&ngineeringin this paperhas resultedin a
compositional processmodel of the task of RequirementsEngineering.In the
literature, software environmengsipportingRequirement&ngineeringare described,
but no knowledge level model is specified in detail.

requirements engineering
1 elicitation
1.1 problem analysis
1.2 elicitation of requirements and scenarios
1.3 acquisition of domain ontology and knowledge
2 manipulation of requirements and scenarios
2.1 manipulation of requirements
2.1.1 detection of ambiguous and non-fully supported requirements

2.1.2 detection of inconsistent requirements

2.1.3 reformulation of requirements
2.1.3.1 reformulation into informal requirements
2.1.3.2 reformulation into semi-formal requirements

2.1.3.3 reformulation into formal requirements.
2.1.4 validation of requirements
2.1.5 identification of clusters of requirements

2.2 manipulation of scenarios
2.2.1 detection of ambiguous and non-fully supported scenarios
2.2.2 detection of inconsistent scenarios

2.2.3 reformulation of scenarios
2.2.3.1 reformulation into informal scenarios
2.2.3.2 reformulation into semi-formal scenarios
2.2.3.3 reformulation into formal scenarios

2.2.4 validation of scenarios
2.2.5 identification of clusters of scenarios

2.3 identification of relationships between requirements and scenarios
3 maintenance of requirements and scenarios specification
3.1 maintenance of requirements and scenarios documents

3.2 maintenance of traceability links

Fig. 1. Overview of the process abstraction levels

In the approachpresentedn this paperrequirementsand scenariosare considered
equally important. Requirements describe (dun¢tional and behavioural)properties
of the system to be built, while scenarios describe use-chseteractionsbetweena
user and the system; e.g., [6], [11]. Bo#guirementsand scenarioxan be expressed
in varying degreesof formality: from informal, to semi-formal (structurednatural
language description), to formal (using temporal logic).

The compositional knowledge modelling method DEeSIRe (see [2] for the
underlying principles, and [1] for a detailed case description) has been applied to obtain
the formal processmodelthe task of Requirement&Engineering.The compositional



processmodel constructedfor the RequirementsEngineeringtask is describedin
Sections 2 to 5. A discussion is presented in Section 6.

2 Process Composition within Requirements Engineering

An overview of the differenprocessesndtheir abstractionlevels within the process
Requirements Engineering iS shownin Fig. 1. For eachof the processes composition
relation has beenpecifiedwhich defineshow it is composedf the processest the

next lower level of process abstraction. Note thé specificationonly specifiesthe

processabstractiorrelationsbetweenthe processesand neitherthe mannerin which

the processes interact, nor the order in which they are performed. Thadatetsare
part of the process composition specifications which are discussed in Secti@msl
further. A specification o& processcompositionrelation consistsof a specification
of the information links (statiperspectivelanda task control specification(dynamic
perspective)which specifies when which processesand information links are
performing their jobs (see [2]).

2.1 Process Compaosition of Requirements Engineering

The process composition @fuirements engineering is describedollowing the different
levels of processabstractiondepictedin Fig. 1. The composition relation (static
perspectivefor the first two levels of processabstractionis shownin Fig. 2: the
processequirements engineering iS composedof the processeslicitation, manipulation of
requirements and scenarios, andmaintenance of requirements and scenarios specification.
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Fig. 2. Process composition ofequirements engineering: information links

Within the componentrequirements engineering @ number of information links are
distinguished. The names of these information liréfkect which information canbe
exchanged through the information link between the two processes.

The process elicitation provides initial problem descriptions, requirementsand
scenarioselicited from stakeholdersas well as domain ontologies and knowledge
acquired in the domain. The processipulation of requirements and scenarios manipulates



requirementsand scenariosto resolve ambiguousrequirementsand scenarios,non-
supported (by stakeholders) requirements, and inconsisgutementand scenarios.
This procesgeformulatesequirementdrom informal requirementsand scenariosto
more structuredsemi-formal requirementsand scenarios,and (possibly) finally to
formal requirementand scenarioslt also providesrelationshipsamongand between
requirementsand scenarios.The process maintenance of requirements and scenarios
specification maintains the documentsin which the information requirementsand
scenarios are described, including information on traceability.

Eachof the processeslepictedin Fig. 2 can be characterizedn terms of their
interfaces (input and output information types), as shown in Table 1.

process input information type output information type
elicitation

® requirements and * elicitation results
scenarios information

elicitation basic material

manipulation of requirements and scenarios

elicitation results requirements and

scenarios information

maintenance  of requirements and  scenarios
specification

elicitation results elicitation results

requirements and requirements and
scenarios information scenarios information

elicitation basic material elicitation basic material

Table 1. Interface information types of direct sub-processes of requirements engineering

The dynamigperspectiveon the compositionrelation specifiescontrol over the sub-
componentsandinformation links within the componentrequirements engineering, as
depicted in Fig. 2. Task control withieguirements engineering specifiesa flexible type
of control: during performance of each process it can be decided to stispgmdcess
for awhile to do otherprocesse#n the meantime, andresumethe original process
later.

2.2 Knowledge Composition of Requirements Engineering

The information types describedin the interfacesof the componentrequirements
engineering andits direct sub-componentare briefly describedn this section. All of
theseinformation types specify statementsabout requirementsand/or scenarios.n
turn a requirement is a statement that some behavioural propestyised,expressed
by the object-level informatiotypesin Fig. 3. To be ableto expressfor example,
that a requirementis ambiguous,or that a scenariohas been elicited, or that a
requirementis a refinement of another requirement, requirementsand scenarios
expressed as statements on the object level, are terms at the meta-level.

The information types specifiedin the interfacesof the componentrequirements
engineering and itsdirect sub-componentall referto the information type requirements
meta-descriptions.
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Fig. 3. Information types and meta-levels related to meta-description of requirements

The information types for scenariosare similar to the information types for

requirementsThe information type requirements and scenarios information iS basedon

three information typesequirements information, scenarios information, andrelations between

requirements and scenarios. In turn, the information type requirements information is based
on three information types: current requirements, clusters of requirements, and relations

among requirements. The informationtype scenarios information is basedon threesimilar

information typesturrent scenarios, clusters of scenarios, andrelations among scenarios.

3 Composition of Elicitation

Thefirst two levels of processabstractionfor elicitation are shownin Fig. 4. The
processesroblem analysis, acquisition of domain ontology and knowledge, and elicitation of
requirements and scenarios are distinguished within the procegsitation.
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Fig. 4. Process composition relation eficitation : information links



The threesub-processesf elicitation, as depictedin Fig. 4, arecloselyintertwined.
The processproblem analysis extracts the (initial) perceived problem from the
stakeholderslt can also determinethat requirementsand scenariosare neededfor
anotherlevel of processabstraction.The processacquisiton of domain ontology and
knowledge acquires from stakeholdersontologies and knowledge of the domain,
possibly related to existing requirementsand scenarios.The process elicitation of
requirements and scenarios elicits requirementsand scenariosfrom stakeholderon the
basis of identified problems, existing requirementsand scenarios.Each of the
processes depicted in Fig. 4 can be characterized in terms of their inteffaeation
types, as shown in Table 2.

process input information type output information type
acquisition of domain ontology and knowledge

® requirements and ® acquisition results
scenarios information

problem description

problem analysis

requirements and

mer . problem description
scenarios information

acquisition results

elicitation of requirements and scenarios

requirements and

elicited requirements
scenarios information

elicited scenarios

acquisition results

relations between elicited
problem description and existing information

Table 2. Input and output information types of the direct sub-processes of the process
elicitation.

The dynamic perspective on the process composition wéiihitation, task control,
specifies flexible control, similar to the control one process abstraction higher.
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Fig. 5. Process composition of manipulation of requirements and scenarios:
information links.



4 Composition of Manipulation of Requirements and
Scenarios

The procesgompositionrelation betweenthe first two levels of processabstraction
for manipulation of requirements and scenarios are shown in Fig. 5. The processes
manipulation of requirements, manipulation of scenarios, and identification of relationships between
requirements and scenarios are distinguished withithe processmanipulation of requirements
and scenarios.

The processmanipulation of requirements iS responsiblefor removing ambiguities,
resolving non-fully supported requirements (by stakeholders), and resolving
inconsistencieswhile striving for progressiveformalisation of requirements.This
process also produces the relationships among requirements. The peag@gsion of
scenarios is Similar to the processanipulation of requirements. The processdentification of
relationships between requirements and scenarios establishesvhich requirementsre related
to which scenariosandvice versa.Eachof the processeslepictedin Fig. 5 can be
characterized in terms of their interface information types, as shown in Table 3.

process input information type output information type
manipulation of requirements

* elicited requirements ® requirements information

¢ relations between elicited
and existing information

acquisition results

isolation information

manipulation of scenarios

.
.

elicited scenarios scenarios information

relations between elicited
and existing information

acquisition results

isolation information

identification of relationships between requirements

. ® requirements information ® relations between
and scenarios o . requirements and
® scenarios information scenarios

isolation information

Table 3. Interface information types of the processes within manipulation of
requirements and scenarios.

Also in this casethe dynamic perspectiveon the composition relation specifies
flexible control over thesub-componentsef the componenimanipulation of requirements
and scenarios.

5 Composition of Manipulation of Requirements

The first level of process abstraction within manipulation of requirements is shown
Fig. 6. The processeseformulation of requirements, validation of requirements, detection of
ambiguous and non-fully supported requirements, detection of inconsistent requirements, and
identification of functional clusters of requirements are distinguishedwithin the process
manipulation of requirements.

The processdetection of ambiguous and non-fully supported requirements analysesthe
requirements for ambiguities and tegtentof non-supportedness requirementgby
stakeholders). The procedsection of inconsistent requirements analyseghe requirements



for inconsistencieamongrequirementsThe processeformulation of requirements plays
an important rolewithin manipulationof requirementsproblematicrequirementsre
reformulatedinto (lessproblematic)requirementdy addingmore and more structure
to requirementsfrom informal to semi-formalto formal. The processvalidation of
requirements has interactionwith stakeholdersto establishthe supportednessf a

requirement in relation to a stakeholder, and whether pro and con arguments exist for

requirement.The processidentification of clusters of requirements identifies clusters of
requirements on the basis of clustering criteria.
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Fig. 6. Process composition of manipulation of requirements: information links.

As before, each of the processes depicted in Fig. 6 cahdoacterizedn terms of
their interface information types, as shown in Table 4. Alsthig case task control
specifiesflexible control. The processmanipulation of scenarioshas a structure
similar to manipulation of requirements.

6 Discussion

The compositional knowledge modelling methaesIRE hasbeenappliedto the task
of Requirement€ngineering.The resulting compositionalprocessmodel has been
presented in some detail in this paper. The process rhadékeenconstructecbn the
basis of studies of available literature, and the applicaticequirementengineering
techniques to a real-life case study: the design of a Personal Internet Assistant [7].



process input information type output information type
detection of ambiguous and non-fully supported

¢ o aln ; R o .
requirements elicited requirements ambiguity information
® current requirements * unsupportedness
information

validated requirements
information

non-formalisable
requirements

detection of inconsistent requirements

current requirements inconsistency information

relations among
reguirements

reformulation of requirements

elicited requirements current requirements

ambiguity information relations among

requirements

inconsistency information

requirement alternatives

validated requirements
information

non-formalisable
requirements

isolated scenarios

validation of requirements

validated requirements
information

requirement alternatives

unsupportedness
information

identification of clusters of requirements

current requirements clusters of requirements

relations among
requirements

Table 4. Interface information types of processes within manipulation of requirements.

The processesavebeendescribedat differentlevels of processabstraction,with
descriptions of their interfaces,a static composition relation (possibilities for
information exchange) and a dynamic composition relation (‘control floMrig static
composition relatiordoesnot prescribea particulartask control throughthe process
composition. The task control is formulatedin terms of conditionswhich trigger
particularactivities. The task control specificationreflectsthe amount of flexibility
and iterative nature of sub-processes of the requirements engineering process.

The compositional processmodel presentedin this paper has been formally
specifiedand provides more details and structure for the requirementsengineering
processthan processnodelsdescribedn the literature on requirementsengineering.
For example, in [8], [10fhefollowing activities are considerectore activitiesin the
requirementsengineeringprocess:‘requirementselicitation’, ‘requirementsanalysis
and negotiation’, ‘requirementsdocumentation’,and ‘requirementsvalidation’. The
first three of these core activities form the top level composition gbtheessmodel
introducedin this paper.In contrastto the referencesmentioned,in the model
introduced here a detailed specialisatidrthesethreemain processess added.n the
processmodel introduced the fourth main activity, ‘requirementsvalidation’ is
considered an integrated paftthe manipulationprocesse$oth for requirementsand
scenariosandis modelledwithin theseprocessestetection of inconsistent requirements,
detection of inconsistent scenarios, validation of requirements, validation of scenarios.

To further investigatethe applicability of this compositional processmodel,
additional requirementsengineeringexperimentswill be conducted.The formally
specified compositional process model for the task of requirereagieeeringcanbe
employedin the designof automatedools for requirementsngineering(e.g., [5]),



supporting theactivities of (human)requiremenengineeron the basisof an agreed
shared model of the requirements engineering task.
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