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Abstract
This paper outlines the problems of specifying
requirementsand deployingtheserequirementsin the
procuremenbf softwarepackagesDespitethe fact that
software constructionde novois the exceptionrather
than the rule, little or no supportfor the task of
formulating requirementsto support assessmenand
selectionamongexistingsoftware packageshas been
developed.We analysethe problemsarising in this
processand review related work. We outline the key
components of a programme of research in this area.

M otivation

It is increasinglybeing recognisedhat software
constructiordenovo is theexceptiorratherthantherule.
The norm for most organisations(including defence
procuremenagenciesformerly the bastionof purpose-
built software)is purchaseof commercialoff-the-shelf
“package”software.ln some casesthis softwareis
modified or extendedput in most casesthe user
organisationsacceptthe software“as is”. Thereis an
observabldrend in businessand commercein which
purposebuilt softwareis replacedy softwarepackages
acquiredpftenon a pay-by-usebasis,over a networkand
from a diverse supplier base.

Much attentionhasbeengivento providingmethods
andsupporttools for obtainingpurposebuilt software-
acquiring requirementsfrom users, constructing
specificationsrom the requirementgjeriving properties
of the specificationsaandultimately, deriving programs
which satisfy the specifications little or no systematic
(let alonesoundly based)supportexists to help the
softwareuser formulatetheir requirementsand procure
software packages that meet their requirements.

Our interestin this problemis drawnfrom experience
gainedin our work with a small specialistibrary, with
an existing manualcataloguandaccessiorsystem,who
wantto obtainsoftwaresupportfor their activities - an
applicationcloseto the heartof specificationresearchers!

Evenfrom this crudesketchit should be immediately
obviousthatthey will not bebuilding theirown “library
system”;they haveneitherthe skills nor resourceso do
so. They will undoubtedlypurchasen existing library
packageln this contexthow shouldthe requirement
documentbe organisedand what guidelinescan be
provided to the “procurementteam”? Existing
requirementengineeringoracticeprovideslittle guidance
indeeda substantiafield studyreportecoy Edmunsor&
Jeffery (1984) casts significantdoubt on the overall
appropriatenessf conventionatequirementengineerin
approaches to the acquisition of packaged software.

Software Procurement

In the discussiorbelow we identify four constituen
“customer”activities within softwareprocuremenand
outline some featuresof these activitiesthat presen
problemgor requirementspecificationTheactivitiesare
(1) acquisitionand specificationof requirements(2)
understandinghe availablepackageg3) assessmerdf
packageompatibility (with respecto the requirements
(4) selection of the “best” available package.

Acquisition and Specification of Customer
Requirements

The acquisition of requirements for purchasing soft
packagesis an incrementaland iterative process
Customersstart from an initial perceptionof their
requirementsand the priority they attachto them,
normally basedon a detailedunderstandingf their
domains(that is the applicationareaof their concern)
their existing manualsystemsandother aspect®of their
operationaknvironmen{for examplehardwarendothet
softwaresystemsdn use).Initial requirementarerevisec
on the basis of advertisementgyackagedescription:
providedby suppliers,demonstrationsuse of the
packageandcomparativestudiesprovidedoy third parties
(trade papers and the like).



At anearly stagen this procesa distinction hasto be
made between“core” requirementghat is those
requirementsvhichwe cansafelyassumereprovidedoy
all or most of the availablepackage¢suchaslogging of
borrowingtransactionn a library) andthose“peripheral”
requirementsvhich are very specificto the customer
(suchas a library containingbooks with titles having
Hebrewor Cyrillic characters)rlhe manneiin whichthis
distinctionis madeshapeghe procuremenprocessgore
requirementsare neglected,as they do not help to
distinguish between packages,while peripheral
requirements are emphasised.

In general,packagesave some featureswhich are
relevanto customer'sieedsandotherswhicharenot (for
examplethe ability of a packageo cataloguepicturesin

this processviolates some of the “incrementality”
discussedbove.Furthey experiencesuggestghat the
commonresponsdo an RFP is simply the standar
packagedescription! In most casesthe onus for
understandingpackagesrests with the prospectivt
customer

Assessment of Package Compatibility

Customerdaveto assesghe extentto whichdifferent
packagessatisfy their requirementsAlthough in some
caseghe satisfactionof a requirementadmitsa binary
answer(for exampleportability of a packageonto a
particular platform without alteration), for mosi
requirementsdifferentdegree®f satisfiability may be

a library which only has documents). Of course customers distinguished.For example, the requirementfor

may recognisenew requirementdn features,which
becomevery attractiveonce demonstratetiut werenot
perceiveds requirementfitially (anexamplemight be
the ability to adddescriptorgo the cataloguesntriesfor
photographs)interdependencidsetweerrequirementare
often only appreciate@s the rangeof featuresavailable
becomespparentin a library systemthe way in which
foreignlanguageext is storedis closelylinked to the
way in which the thesaurus is constructed).

Under standing Available Packages

Becaus@ackagesresuppliedby differentvendorsfor
different,though intersectingmarketsthey aredescribed
differently. The descriptionsise a mixture of technical
andapplicationdomainspecificterms,dependenon the
specialityor the emphasiof differentvendors.Under
such circumstancesextractinginformation about, and
understanding the package is a very difficult task.

Understanding packagaelemands translatiorbetween
two types of vocabulariesthe vocabularieof various
packagespecifications(Pi) and the vocabularyof the
customer's requirementsspecification (R). These
translationsmay be thought of as morphismsfrom the
vocabularie®f Pisto thevocabularyof R, which may
not be total, onto andisomorphic.In fact, theremay be
featuresof packageswvholly irrelevantto customer's
requirements requirementsnot satisfiedby some
packagesrequirementssatisfiedthrougha synergyof
more than one packagefeaturesand more than one
requirements satisfied by the same package feature.

In certaincasesespeciallyif the package¢o bebought
is expensive,the translationmay result from a
cooperatioramongthe customerandthe vendorsin this
settingthe customerissuesa requesfor proposal(RFP),
which enablesrendorsto describeheir packagesn a
uniform mannetthatis, in termsof the RFR Of course

supportingforeignlanguagesn a library catalogueis
satisfied in various degrees by different library systen

Compatibility assessmentiemandsome form of
inexact matching between packageand requirement
specificationsThis matchingmustcoverboth functional
andnon-functionalrequirementandcopewith thefeature
dependencieendtheincompletenessf bothrequirement
and packages specifications. An additional complicati
to distinguish caseswhere requirementcannot be
satisfiedby the packagewithout substantiamodification
or rewriting andcaseswhererequirementsalthoughnot
satisfiedby the defaultconfigurationof a packagecould
be met aftersome customisationthatis reconfiguratior
of the package within a predicted range.

Selection of Best Package

The selectionof the “best” amongthe package
available depends on the assessment of their compa
with the requirementspecificatiorandthe prioritisation
of these requirements. Selection is not static.

Customersmay haveto compromiseon requirement
not satisfiedby any of the availablepackagesevenif
they had high initial priorities. In this situation, a
common assumption underlying much work on
specificationfor softwaredevelopmenthat "the custome
is alwaysright" is no longervalid. In this view the
softwarealwayschangesvhile the customerpracticesre
fixed. In reality thereis a “balanceof mutability”
customeramay be preparedo changetheir practicesn
order to fit the best available package.

In many casescustomersnmay decideto re-prioritise
requirementsSuchare-prioritisationmaybe necessarin
orderto readjusthe sensitivityof the selectiorprocessn
the light of the merits and demeritsof the different
packagesThis in turn requiresthe customeito havean
accurateinderstandingf the impactof their prioritiesand



the robustnes®f selectiondecisionso changesn those
priorities.

Related Work

Thoughwe havearguedabovethat little or no support
exists to help the software user formulate their
requirement&nd procuresoftwarepackagegshat meet
their requirementsome mention should be made of
information system developmentmethodssuch as
Information Engineeringand SSADM (Ashworth &
Goodland,1990) which recognisethe make vs buy
decision and its importance.

Conventionallysoftwareprocuremenhasbeenviewed
as a simple sequentiaprocess(Zviran, 1993; Congey
1994), involving: (1) the identificationof potential
vendorsj2) the preparatiorof an RFP and selectionof
benchmark$or eventualalidation;(3) thedistributionof
the RFP to vendors;(4) the evaluationof vendor's
proposalsandthe selectionof the bestof them;and,(5)
the validationof selectedroposalsaandthe final choice
among remaining vendors.

The RFP playsa keyrole in the wholeprocesssince
(in principle) it compels vendorsto describetheir
packagesn a uniform way, which enablescustomers
understanénd comparethem. The RFP is a structured
form of requirementsiesponseguidelinescontractterms
and corporateinformation (such as vendorsize and
experienceBy conventiorrequirementsiredistinguished
into technical (for examplehardware,software and
operatingsystemrequirements)manageria{for example
delivery schedule)and financial (for example cost,
paymentschemesiswell asinto measurablas against
gualitative and mandatory as against mutable
requirementsSome detailedtypologiesof requirements
have beenproposedas a basis for RFPs covering
hardware pperating system, financial and managerial
requirements.

Eachof the requirement®r bundlesof requirements
constitute a selection criterion, weighted by its
importance Weighting of criteria may be basedon
techniquessuch as an analytic hierarchy,fixed scale
valuationor binary weighting. Packagesre evaluated
usingoverall scoresgestimatedasthe weightedsumsof
their individual scoredor eachof the selectioncriteria.
Such scoresare assignedby the customer Various
refinementsf this approactuse sophisticatedechniques
drawnfrom economicsaandmulti-criteriadecisiormaking
in supporting the final selection.

In spite of their strengthin supportingthe evaluation
of packagesvith respecto “non functional” (generally
measurablekoftware requirementgsuch as security,
reliability, performance)traditionalapproacheareweak

in treatingqualitativeandcorefunctionalrequirementdn
particulay they are weak in supportingmulti-valuec
features,featuresvaluedin partially orderedsets and
inexact-matchingf featureswith requirementsThe
weighting techniqueshey employ generallyrequirea
total prioritisation ordering of requirements, an unjusti
and misleading simplification, since commonly
customersare only ableto partially orderrequirement
accordingto their significance.Finally, the view of
procuremenésa linear processgails to takeinto accoun
revision, learning and iterative assessment.

Software selection and comprehensiorhave beer
investigatedas problemswithin the broadeproblem of
softwarereuse (Biggerstaff& Richter 1987; Krueger
1992;Spanoudakig& Constantopoulos]994).However
it maybe difficult to transferthe methodsandtechnique
developedn this setting. In particular the focus of
concerrin softwarereusehaseitherbeenfine-grainsource
codecomponentgDiaz, 1991; Constantopoulo®t al.
1995), algorithmsand abstractdatatypes (seesoftware
schemasn Katz, Richter & The, 1989) or software
architectureslargegrain global structuredor software
systemsdesigns(Shaw,1991; Neighbors,1989). None
aredirectly comparablevith softwarepackagesThereuse
procesgyenerallyentailssignificantfurtherdevelopmen
involving modification and integration into larget
software frameworksas againstthe more limited
customisatiorassociatewith softwarepackagesin the
caseof reuseresearclaims at creatinga large,distributec
and diversemarketof softwarecomponentsvhile for
softwarepackageshis marketalreadyexistsandmust be
shapedopr at anyrate, managedrurthermoresincereuse
is generallycarriedout by softwaredeveloper&nowledge
andskills arerequiredvhich cannotsafelybe presumeaf
those engaged in software package procurement.

A common,if misleadingway of fitting “the square
peg” of softwarepackageprocuremeninto “the round
hole” of conventionakoftwareengineeringracticeis to
viewit as,in essenceavalidationproblem.Packageare
validatedagainstrequirementsheggingthe questionof
what theserequirementare, how they are acquirecand
structuredSuggestion$aveincludecthe use of scenario
(Benneret al. 1992)though it is unclearwhere these
scenarioxomefrom andthe extentof theassurancthey
deliver

Research Programme Components

Someof the issuesidentifiedaboveareobviously not
restrictedo off-the-shelfsoftwarepackagesndapply to
purpose-builsoftware- thoughnot with equaforce. We
might expecta researchprogrammewhich looks at
softwarepackageaequirementand procuremento yield



more generalinsight into the softwarespecification
processBelow we describehe key building blocks of

suchaprogrammenhoseobjectiveis to developa set of

organising principles for the software package
requirementandprocuremenprocessln largepart we

believe that the issueswe faceare fundamentaland
requireus to pursuea theoretical-logicahpproach By

taking this approachwe place software package
requirement@ndprocurementvithin the mainstreanof

specificatiorresearctandestablishcleartargetsin terms
of thesoundnessf the guidelinesaandprinciplesthatmay
result.

* Description

Clearly thereneedsto be a coarsegrain framework
within which requirementsanbe describedcandto which
compatibility assessmennakes referenceTo line up
with packagedescriptionsn terms of “features”we
proposespecificationin terms of “services” with
correspondingservice descriptionswhich include the
constraints on the provision of those services.

The descriptiorof a servicds anabstractjndependent
specificationof the servicesintendedbehaviourin

the topic of verisimilitudein logic (Brink, 1989 and
Benthem 1987), wheretheoriesareorderedaccordingo
how closetheyareto a notional “truth”. But thereare
severalways in which the packagerequirementsand
procuremenproblemdiffersfrom the standargproblemof
verisimilitude.One differencds thatthe useris usually
not concernedif a particular packageextendsthe
requirement$n someway, as this is only an extra
featurethe concernis only in the casethat the packag:
falls short of the requirementsSuch a notion of
verisimilitudeis considereth Ryan& Schobbens]995.
Anotherway in which our problemdiffers from the
standardproblem of verisimilitudeis that there are
priority relations among some of the requirements.

 Revision

In the caseof revision, changeand mutability, a
theoreticalapproactcould be expectedo providesome
insighttoo. The requirementgouldbe representeds an
orderedheory,wherethe orderingis usedto specifythe
entrenchmengr priority, with whichtheuserassertshe
requirementWe could potentially exploit work in the
topic of theoryrevision (Gardenfors1988; Ryan, 1994)

isolation. It presents a theory whose terms and constraintsto get a handleon the questionof the degreeof change

areexpresseth a formal languaggCohen,1995). An
importantissuein a languagefor describingeaturess
the needfor featurespecificationgo make minimal
assumptionsabout the specificationthey'reover This
will allow featureverone specificatiorto be appliedto
another For example,considera basic library system
packageanddefinefor it thefeatureof beingableto keep
accountof users'fines. We would like this featureto be
specifiedin a way that makes as few as possible
assumptiongbout the library systemspecification so
that it can be appliedto any other library system
specification.

» Matching

Questionsof vocabularymatchinghave beeraddressed
beforein specificationandhavegivenriseto the notion
of signature.Much formal work addressebow to
translatebetweersignaturesandcomparespecificationsn
differentvocabulariegGoguen Burstall, 1984;Fiadeiro
& Maibaum, 1991; Turski & Maibaum, 1987). This
work could potentiallybe recruitedto our setting. The
assumptionghat a featuremakesabouta specification
may be statedn termsof its signature.The users-fines
featureassumeghat the underlyingsignaturehas the
notions of “users” and “overdue returns”.

» Compatibility
Thetopic of rankingpackagesccordingo the degree
to which they satisfyrequirementgs stronglyrelatedo

required to the package.

Theintroductionof featureson a specificatiorinvolves
specificatiorrevision.Returningto the library example
the library systemaugmentedy the user-finedeature
will manifestbehaviourgsuchasblocking loansto user:
who haveunpaidfines) which werenot shownby the
basiclibrary system.Thus, a first approximatiorto the
semanticof featureintroductionmight use the standar
work on belief revision.

However usually there are constraintswithin the
original specificationwhich should be considere
immutable.In a state-basedystemsuchasthe library,
axiomsconstrainingthe notion of state shouldnot be
revised,but axioms describingthe effectsof actions
should be.

We haveworkedon the ideathat the modelsof the
specificatiorrevisedby a featureshouldbe computedy
taking thosemodelsof thefeaturewhich are“ascloseas
possible™to the original specificationThis requireghe
notion that interpretationsare orderedaccordingto
closenesdo the specification.Our resultson simple
specificationssuggestthat interpretationsshould be
compared only if they agree on action occurrences.

Conclusion
This position paperhas given an accountof the

problem of software package requirementsand
procurementind briefly reviewedrelatedwork. It has



sketchedhe key componentf an approacho this

problem. In the final analysis however the purpose of this

paperis to situate softwarepackagerequirementsnd
procurementithin specificationresearchandto argue
that it is a problemworthy of seriousconsideration.
Further the issuesit raiseswhich if not wholly
unfamiliarare differentlyconfiguredand with significant
changef emphasisTheyareat anyratefundamentaind
we cannotexpectto simply handthis problemon to

management scientists or other research communities.
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