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Abstract
Improvements in requirements traceabiliiR T) are essentiafor developing better quality software
systems. Based upon empirical investigations with practitioners, and an extensive survey of techniques and
tool support forrequirements engineering (RE), we explain why conventionaaRTonly support limited
improvements in quality, and suggest extensions required to provide further improvenigrdse
extensions revolve around the ability to continuously modelhande trace, thoseho have contributed
in the production and refinement of the requirements specification (RShislpaper, we propose an
approach to support such modelling, outline preliminary details, and dishogs it provides the
foundations for developing quality software.

1. Introduction

Quality-oriented approaches to software development, and their increasing support by computer-aided
software engineering (CASE) tools, have become the focus of considerable attention [Jarke & Pohl, 1992].
Although they have led tmarked improvements isoftware quality (as reported: [Aaenet al, 1992];

[Polack, 1990];and [QED, 1989]), this has rarelpeen tothe extent anticipate(see:[Curtis, 1992];
[Sumner, 1992]and [Wynekoopet al, 1992] which discussome reasons fahis). In this paper, we
argue that RT is the primaguality-enablingtechniqueand thatmore of these expected improvements
would be realised if a comprehensiaeproach to RTvas adopted.The extensions wpropose for doing
this have been motivated by a detailed analysis of the RT problem [Gotel & Finkelstein, 1993].

The structure of this paper is foflows: In Section 2, wdlustrate the relationshipetween RT and
software quality. In Section 3, we show the restricted img@ttonventional notions of RT can have on
quality, and explainwhy extensions tahis notion areneeded to provide a firmer foundation upon which
to achieveand assess quality. In Section 4, we describe how advaraede made by modelling the
contributors to any information generatetliring the productionand refinement of requirements,
particularly to locatehe personnel to participate in quality assurance activitieSSedtion 5, we outline
an approach we propose fthe on-going modellingand update of these contributorand their
contributions. We discudbe implications of this approaand thefuture directions of our research in
Section 6.

2. The relationship between requirements traceability and software quality

"Requirements traceabilityefers to the ability to describe aradllow the life of a requirement,

in both aforwardsand backwards directiofi.e., from its origins, through its development and
specification, to its subsequent deployment and use, and through all periods of on-going
refinement and iteration in any of these phag€sitel & Finkelstein, 1993].

Software quality (in softwareengineering) is1. The totality of features and characteristics of

a software producthat bears on its ability to satisfy given needs, for example, to conform to
specifications. 2. The degree to which software possesses a desired combination of attributes. 3.
The degree to which a customer or user perceilias software meets his or her composite



expectations. 4. The composite characteristics of softthatedetermine the degree wehich
the software in use will meet the expectations of the cust¢ANSI/IEEE Standard 729-1983].

The prevailing approach to quality-orientelévelopment involves 2 basic steps: €pecify the
requirements fothe proposed system (whetiee formality of their specification determinethe extent to
which step Zan be automatedjynd(2) use these requirements as a reference point from which to drive,
control, and evaluate the development process.

The definition of'software quality” abovendicatesthat quality is assured if: (agoftware meets its
users needsuger requiremenjs or (b) software conforms taigid quality attributes dquality
requirements  Such quality assurance is supported by many approaches. For example, through:
development methods, like structureshd top-down decomposition [Yeh & Ng, 1990]; dedicated
techniques, like quality-function deployment (QFD) [Brown, 1991]; developmparadigms, like the
Quality Improvement Paradigm (QIFPivo & Basili, 1992]; orthrough separatguality assurance
groups, or quality engineers, as exemplified in the software factory concept [Fisher, 1991].

Common to all these approaches is tdejpendence updhe ability to maintaintraceabilitybetween
requirements in the R&dany subsequent artifacts in which tree distributed. This hdseen defined
in [Gotel & Finkelstein, 1993] agost-requirements specification (post-RS) traceabfliyd is illustrated
in Figure 1). Techniques for post-RS traceability can help ensure that quality requirereeotsidered
in (and permeate through) all phaseslefelopmentand carnalso be used to chetke extent to which
these have been met at each phasehisrway, softwarequality is directly influenced bthe techniques
and tools used for RT.

3. Why post-RS traceability can only support limited improvements in quality

Although there are numerous techniquesl tools which provide dedicated support foost-RS
traceability (summarised in [Gotel & Finkelstein, 1993pftwarestill frequently fails toattain thelevels
of quality anticipated foit. This isbecause these techniquasdtools only dealwith those phases of a
requirement’s life which result from its specificationtire RS. They typically depend updhe pre-
specification of a (relatively static) requirements basddgiere theycan operateandlack support for its
initial production. Therefore, the assumptidhey embed ishat therequirements in the RS aeasy to
obtain, accurateandstable, an assumptidghat isechoed where "quality” is defined tarms ofmeeting
the specification

These assumptions concerning the nature of requirementftanemisguided. User requirements
arenotoriously difficult to obtain with accuracgrefrequently unstableandbecomeredefined ovetime.
Furthermore, user satisfaction tends to bmolective and subjectivematterfor which reliableand all-
encompassing measures cannot be articulated. Quality requirearentemmonly imported from
external standards @olicy documentssuch as [ISO-9000-3, 1991], where thag pre-specified along
with metrics for promotingbest practiceand measuringompliance [Kelleret al, 1990]. Due to the
sheer number of potential quality attribufese [Boehnet al, 1978] for a representatiist), these need
to be adoptednd tailored on a project-specific bagBuckley & Poston,1984]. Furthermore, these
definitions of quality change, the relevance of metrics to quality chamgkquality requirements and
metrics areoften actively constructedithin different phases alevelopment. The very nature ofthese
requirements indicatethat, althoughpost-RS traceabilitycan promote concern for qualitgluring
development, and help assess subsequent conformance to an RS, it cannot guaranteEhigiddigven
the case where requirementse formally specified, as it lackthe means tgrobe beyondwvhat is
specified, and hence account for all phases of a requirement's life.

Although possible extensions have been suggeagl, obtain more complete documentatanout
the problems being addressed and the wider organisational contexts [Flynn, 1992]), these generally do not
address thefact that when requirements changge these qualityattributes, metrics, policies, or
standards), these changes need to be instigatedtfreiminitial source,andre-propagatedthrough the
pre-RS phases, if thegre to be handledffectively. Weargue that additiondmprovements in quality
could be obtained if quality-oriented approaches to software development included comprehensive support
for the productionand refinement of requirements. Thigould support,and control, the impact of
changing quality attributeand measures. Thislearly depends upathe ability to maintaintraceability
between dispersestatements or documerdad therequirements into whicthey have beemtegrated in
theRS. This hasbeen defined in [Gotel & Finkelstein, 1993] @®-requirements specification (pre-RS)
traceability (and is illustrated in Figure 1).
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4. How pre-RS traceability can improve quality further

In a critique of quality assurance activities in softwamngineeringloka reports how most of these
activities tend to be carried out towartde end of goroject, afterthe originaldevelopment team has
moved on [Loka1992]. Accordingly, anyefectsthat areidentified are inadequately addressedt of
context; by other parties; and by direatigedinghem out of the end product itself [Flaatten, 199Phis
leads to ever-deteriorating quality. Pre-RS traceability enalijesléy cultureto be built in from project
conceptionandfor quality to be an on-going concern, by supportif@j:analysis of the RIgrocess, to
identify the cause of any defects (a documentation problem); and (b) identification of those in a position to
assess quality or address any deféats organisationgproblem). This is essentiabecause a positive
correlation haveen repeatedly stressed betwtdenearlier thasupport is injected into theéevelopment
process and the quality of the software that can be delivered (e.g., in [Palmer & Fields, 1992]).

To date, most of the support in thee-RSareafocuseson: (a) increasing the amount, antproving
the structure, of information that @ocumented abouhe REprocessand (b) providing powerful and
selectiveretrieval mechanisms for accessitigs information. Howeverextensive or sophisticated these
become, our empirical investigations indicated that there will always be situations in practicéhghisre
not sufficient. Forexactly this reasonpne of thebasic working practices dhe practitioners in our
studies was found to be identifyindpe (human)source of requirementand requirements-related
information, to enable informdhce-to-face communicationith appropriate participants. In so doing,
problems are currently experienced because such information is either: not available; outdated; or refers to
those who wroteghe documentationrather thanthose who formulatedhe content therein. This is
becausehe predominantvay to attach details of personnel involvementtlisough a documerield,
labelled "author", othrough theuse ofannotation mechanisms. This is the reasby the endproducts
of RE lose details of those who originally generatesl information andhose who were involved in all
phases of its refinement.

These findings indicatdhat more information needs to be provided ahthtsocial setting ofthe RE
processand in particular, that all the information thapi®duced needs to be augmented with details of
personnel contributions. Such details must be updated to réfeetvolving and changing nature of
these contributions if thegre to be of continued use. tims way, pre-RSraceability provideshe ability
to trace those involved in producing and refining requirements, which can afwoth&fact that quality
is socially defined, socially evaluateahhd only acceptedvithin a social setting. Although requirements
may be well defined, and even imported from agreed standards, what is specified withedtedifferent
things to each individuahvolved: "probably the most common error made in quality assurance is the
assumption that there is a common understandinghatt ‘high quality’ software actually means. No
such common understanding exists. Situations anisere different software engineers strive, in a
mutually antagonistic way, to ensutleat particular, but different, product attributes are achieved"
[Sommerville, 1989]. Access to those defining (or importing) the requirements being used to drive quality
development, is oftethe only way toensure a shared interpretatifom so doing. Alsopecause many
quality attributesand measures arsubjective, tool@ndformalisms can rarelgssess quality independent
from those specifyinghe criteria. This need to consider gteial dimension in evaluation exercises has
been the subject of a number of papers (e.g., [Hirschheim & Smithson, 1987]).

5. A proposed approach for modelling contributors and contributions
Our proposafor improving software qualityevolvesaround augmenting any informatignoduced
in the RE phases with details of its contributors. Theresamge basicequirements for modellinthis:



(1) the model must be updateable, to reflébe evolving structure of contributiongnd beopen to
alternative presentationgind (2) its basis musbffer some guidance for model development and
refinement,and enable some capacity foeasoning with an@boutthe contribution structure, plus any
subsequent changes to it. The broad approach we propose is illustrated in Figure 2.
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Figure 2: Outline of the approach

5.1. Modelling artifacts (contributions)

We are only concerned with the tangible artifacts that are produmbsekchanged in the RErocess,
such as: formal documents; memos; faxédeos ofmeetings; spreadsheets; etc. Process details, such as
the conversations amongst participardse not essentialor investigating a suitable basis for the
modelling,andcould be incorporated atlater date. We assumeb2sic types o#rtifact: (1) primitive
(i.e., dependent on no other artifactd (2) compound(i.e., basedon, or referencing, other artifacts).
These artifacts are represented in an ondoren and areplaced under the control of database
management system. This deals with structamalcontent-based traceability, provides interrogation and
guery facilities,and maintains théollowing structures:(a) a main (or primary) structure, defined by
development-based relatiohetween wholartifacts;and (b) manysubsidiary(or secondary) structures,
defined by content-based relatiopstweenartifacts and/or various size componethtsrein. We make
these assumptions because there are rudimentary techniques and tools which can do this.

5.2. Modelling personnel (contributors)

An organisational database will be used to hold various details (e.g., positidaBases) about the
personnel who have directndindirectly participated (e.gdevelopersaand customers). It may be used
to model diverse organisational information (such @aswer structures; delegation structures;
responsibility structures; group structures; etc.), saitdefineand deal with whatevetypes ofrelation
that canexist betweerpersonnel. We assume 2 bagipes ofparticipant: (1)individual (i.e., non-
decomposable); and (8youp(i.e., decomposable into further groups and/or individuals).

5.3. A scheme for modelling the interrelation between personnel and artifacts

The details of the contributors will be manually definedge in an on-line form, so in gost-hoc
manner. Contributions can be @y size, nested, overlapping, embedded, €he problem of capturing
such details, in an on-goirand automatednanner during th@rocess itselfcan be investigatednce a
suitable scheme has been developed.

The crux of the approach lies in providing a suitable scheme with which to represent theviie&n
personnehndartifacts. Merely defining this structurally, with no semantics ottteain contributes_toor
contributed_by is too coarse to meéhe basic requirements we have listed. We sugtiest auseful
semantics is tha@ature of the contributior(i.e., the role of the individual/group witfespect to the
artifact/component). A preliminary taxonomyould involve the following types of contribution:
originates/produces; documents; adopts (uses without change); adapts (uses with change); and
authorises/stabilises (signs off). Such a scheme provides an effective way of dealing with complexity, as it
superimposes different layers upibve artifact to deal with the differettpes ofcontribution, which can
be selectively used for different typesfofusedreasoning (as depicted in Figure Hach of thesdypes
hasdifferent implications foithe recomputation of the contribution structéwkbowing change. We are



investigating what these implications are, whilst examining further attributes which haaféeenon
change (e.g., the strength of the contribution). pfovide a logical basis fothis scheme, we are
examining how thesetypes of contribution can be redefined in terms a@dmmitments(adopting the
definition given in [Finkelstein & Fuks, 1988]). In this way, we should be able to reason about changes to
the contribution structure, and provide rules for its recomputation. In summary, what we are proposing is:
to link contributorsand contributions, bymarking-upan artifact with its contributor structure, using an
underlying scheme that is theoretically based upon "commitments".

originator/ documenter
producer structure
structure ) _
provides detail
on productig
adoptor
artifact structure
authoriser/ . .\_provides details
stabiliser pro |g_¢|a_s dt(_atalls on use
structure on stabilisation
adapter
structure

Figure 3: Different social structures an artifact is simultaneously connected to
(based on the nature of the contribution)

5.4. Extending the scheme to keep the model up to date

To be able to accurately locate which persoruaal performquality assurance, or address quality
defects,throughout a project's life, there is a requirement to sugperevolution ofthis contribution
structure. When changes are made to existing artifacts, the artifact-based traceabilignlingsgate the
content, but in so doing, the underlying contribution structudten redefined. The scheme proposed
abovecan beused to suppoithe recomputation of contribution detadad update this structure: it can
extract the developmental traceabiliphain behind the informatiomeing changed (back to the
originating artifact); and it caextract theassociated contribution structure at each step. In addition,
based orthe nature of these contributions, it can build up a priority strudétsrevho to contact and
inform about change.

However,this process is complicated lige fact that the nature of the change, and the nature of the
contributions underlying an artifact, have implications on how this recomputation should be done. We are
investigating these issues. Also, the type of the content traceability links that exist betweartithete
will also impactthis process. There is a need to defihe semantics of these relations,tlsey can be
taken into account. Here, vpoposethe use of a scheme based communicative functiong.e., the
function of a second artifact with respect to a first), sucle@ses; uses; refines; elaborates; etc. We are
currently developing a taxonomgndspecifyingthe impact of each function on the contribution structure
(e.g., an identity function, or direcbpy, wouldupdate the adopter structure, but afféctthe originator
structure).

6. Research directions, issues and implications

Where attempts are made in practicekeeptrack of ownership this usually suffers from: coarse-
grain labelling of contributions; no distinctiobetween groupand individual (or directand indirect)
contributions; no differentiation between contributtype (this is normallyonly the documenter/author,
as opposed tthe inspiration); inability to accourfior the fact that any subsequent revisions or versions
may update or impose new contribution structuses] theinability to make anyintelligent use ofthis
information. We are unaware of other reseaggplicitly directed atthis problem, though research in
process modellingims to provide various detaiédboutthe relationsbetween people, peopdnd their
activities, etc. (e.g., [Jarket al, 1992]and [Mi & Scacchi, 1992]). However, efforts tancrease the
amount of developmengrocess knowledge tends to touch ugdinconcernsrather thinly,whereas we
have argued the need tocus indetail on the contributoand contribution knowledge. They do not
provide an overakhnd up tadateview of the contribution structure, or enaltkés information to beised
for reasoning about quality issues.



We have only given a preliminary sketch of our proposed approacheltee itwill offer the basis
for significant improvements in quality. It providdse means to rapidlidentify those individuals to
involve and inform insituations of change, decisiomaking,quality assessment, conflict resolution, etc.
By storing preferred communicatioprotocols with personnel detailend through integrationvith
suitable communication tools (such as those described in [Cockburn & Greenberg, 19898j)s ithe
extra potential to automatically instigate any required communication. pdsbilities it opens for
projectmanagement aneducation will also influence quality. For example, it provittesapparatus to:
compare predefinednd actual organisationsiructures; infer dynamic details abgqawerrelations and
alliances; integrate new personnel and deal with the consequences of those that leave; etc.

Our current researcimvolves developing a suitable theoretical basistlier artifact, personnel, and
contribution traceability referred to above. We are also developing a generic mark-up language, to overlay
artifacts with their contributor details. This languagt provide the rigorousbasis for carrying out the
flexible types offeasoning andpdate we have mentioned. Also, iwtend toactively supporandguide
the revisionand correction of requirements based this approach. We further intend émnbed the
approach in tool support for RE, for refinememtd evaluation purposesnd (where appropriate) in
standard document preparation systems.

7. Conclusions

The quality of a software system must be actively built thesdevelopment process frothe onset of
a project. Support must therefore be providedHercontinuous definition, redefinition, assessment, and
re-assessment of quality throughout a project's life. We have dnguenthorecan bedone in thepre-RS
phases to establish a firmer foundation for these activaied,in particulabecause pre-RS traceability
makes thework precedingthe RS open to interrogationThis enablesthe concept of "quality"(and
similarly its satisfaction criteria) tevolve with: (a) the evolving environment in which "quality” is
definedand measuredand (b) the evolving development procesrough which it takesffect. We have
further arguechow the traceability of the personneho have contributed tthe requirements in the RS
supports a fundamental working practice which is often the only way to explain and assess quality criteria.
Therefore, modelling thisocial structure provides a firmer foundation upon which quatifjware can
be builtandmeasured. We amctively examining a suitable basier modellingand reasoning with the
contributorsand contributions in RE. We alsmtend todevelop suitablanechanisms to support and
evaluate its use in practice.
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