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Abstract

Thetrendtoward globalisationof productsand services
hasbroughta strong economidmpeative to the develop-
mentof general methodsfor the localisation of softwae
to different cultural ervironments. While ad hoc, bolt-on
localisation may satisfyimmediatecommecial objectives,
its extensionto multiple localesis not cost-efective and
an integrated strategy is needed.In this more sustainable
appmoad, knownas softwae internationalisation,the re-
quirement®of dispaatemarketsare addressedluring anal-
ysisand systendesign,with the architectuie developedso
thatlocalisationto a particular ervironments straightfor-
ward, andinvolvesminimalre-engineering

Given the limited size of the Australasian market, de-
tailed attentionto the technical issuesof internationalisa-
tion is of critical importanceto the future of softwae de-
velopmentin theregion, asis the availability of graduates
adequatelypreparedfor this ervironment. Thusmotivated,
this paperexamineghe stateof play in a numberof aspects
of applicationlevel softwake internationalisation with our
focusthecorereseach challengesofthenext few years,and
the consequencesf thesetrendsfor the softwae engineer
ing curriculum.

1. Intr oduction

Historically, commerciatomputeisoftnarehasbeende-
velopedfor the English speakingcommunity— dominated
of courseby the United Statesof America— with only a
limited attemptto caterfor otherervironments. However,
globalisationof businessand technologyhave heightened
demandor softwareproductslocalisedto a particularlan-
guageand cultural ervironment— demandwhich hasbeen
exacerbatedy the spectaculagrowth of the world wide
weh Minimally, suchlocalisationmustincludetranslation
of userinterfacestringsto the targetlanguageandadapta-
tion of displayformatsto complywith local corventionsfor
itemssuchasdate,time andcurreng.

Many of theseissuesarereadily handledthroughstan-
dardprogrammindanguagesupportbut othersaresurpris-
ingly subtle,and even string translationhas hiddencom-
plexity — suchasthat which arisesthroughthe absenceof
anidentifiableequivalenttermin thetargetlanguageWhen

the processs extendedto includecultural variationsin the
use of symbolsand colour, and adaptationto local busi-
nessprocessesuchasthe taxationregime, it is clearthat
successfulocalisationdependsupon a careful and time-
consumingblend of technicaland native professionalex-
pertise.

Yet if the cost of localisationfor a particularenviron-
mentappearshigh, the expensebecomesunsustainabléf
incurredfor eachnew languageandlocale,andsomeamor
tization over multiple adaptationgs essentialf the process
is to remaincommerciallyviable. This moresystemati@p-
proachtermedheresoftwak internationalisation requires
thatlocalisationissuesbe addresseearlierin the software
developmentlifecycle, with architecturaland subsequent
designprovisionsto minimisere-engineering.

While internationalisationhas necessarilybeen ad-
dressedby majorinternationalvendorsat both the operat-
ing systemand key applicationlevel, much of this work
remainscommerciallysensitve. To date, relatively little
effort hasbeendirectedtoward the establishmenbf open
industry-standardnethodologiesand documentedractice
— seeminglyanessentiapre-requisitdéf smallandmedium
sizeenterprise$SMESs)areto competan theglobalmarket.
Moreover, suchreportsasareavailablesuggesthateventhe
'advanced’organisationsnay suffer from poorly managed
communicatiorwith, andutilisation of, professionatrans-
lation services. In particular thereappearso have been
almostno attemptmadeto integratetheinternationalisation
workflow within thetight developmentyclesof themodern
softwareengineeringervironment.

It is perhapself-evidentthatsolutionsto theseproblems
mustbe centredaroundthe fundamentaldesignprinciples
of goodsoftwareengineering- modularityandre-usability
— but this doesnot diminish the needfor a clearerunder
standingof their applicationin the presentcontext. Such
principleswill naturallyinform key technologicablecisions
— for example the division of localisationtasksbetween
sourcecodemaodification,link phasebinding andrun time
resourcdoading—but theseandotheraspect®f theprocess
areequallydrivenby the pressuresf cost-efective quality
assuranceAnd giventhe dependencef successfulocali-
sationupontheapproval of thenative spealer, it is this latter
factorwhichis in mary respectshe moreinfluential,deter
mining the prerequisiteskill setandbackgroundf transla-
tion staf, andeventhe degreeof tool supportacceptabléo
thevendor



In this paperwe shalllimit ourfocusto thecoreissueof
processandtool supportfor applicationdevelopmentwith
our objectie theidentificationof the key challengesgosed
to thecomputerscienceeommunityby softwareinternation-
alisation. Suchsentimentsnotwithstandingwe mustim-
mediatelyinsertthe caveatthat our treatments slantedto-
wardthoseissuesvhich we believe areamenabldo atech-
nical solutionor simplification. Centralamongthesearethe
problemof text translation(section2), andthe processs-
suesof architectureandlanguagesupport(section3.1),and
quality assurancésection3.2). The fundamentaproblem
of culturaladaptatioris heretreatedsomevhatsuperficially
(section4), largely as a result of the almostunbounded
scopeof the researchproblem. Nevertheless significant
progresss possiblein this areathroughappropriatenter-
nationalstandardsandthis relationshipis exploredaspart
of (section5), in which suchagreementsreassessewith
respecto their effectivenessn deliveringacommonframe-
work accessibléo the SMEswhich dominatethe regional
industry This coveragesetsthe scendor discussiorof per
hapsthe mostimportantchallengeto the profession- that
of equippingsoftwareengineeringgraduatesvith the skills
necessaryo flourish in the internationalisedervironment
(sectionB). We concludewith someguardedspeculatioron
thefuture of softwareinternationalisatiorn theregion.

2. Translation and Tools

Issuesof text translationlie at the heartof softwarein-
ternationalisatiomndlocalisation andthe healthof thedis-
cipline may in mary respectde measuredy progressn
this area. Developmentsin translationandtools are nec-
essarilylinked to developmentsn programminglanguage
andoperatingsystemssupport,andin the growth of inter-
nationalisatiorsupportn theseareasenesto limit thecore
researctproblemsremainingin this area.

While tool supportis anintegral partof moderntransla-
tion, it mustbeemphasiseftom the outsethatthe problem
of machinetranslationremainsextremelydifficult, andthe
limitationsof existing systemsnaybereadilydemonstrated
by performingareturntranslatiort usingthe publicly avail-
ableGoogletranslationbeta(Goon.d.). Moreover, the use
of machinetranslationin software internationalisations
likely to prove problematiceven when the dreamsof the
languagdechnologyresearcherbave beenrealised dueto
the unusuallyhigh frequeng in software translationwork
of novel word forms andcombinationsor which no ready
equivalentmay exist in the target language. Indeed, this
problem may manifestitself in the selectionof appropri-
ately intuitive key or userinterface button labels,and the
valueof the experiencedranslatorover the novice may lie
in the quality of thiskind of selection(Dohler1997).

Thus, sinceit is apparenthat localisationto a particu-
lar region cannotproceedat presentwithout substantialn-
volvementfrom humantranslatorsthe goal of the efficient
softwarevendorremainsoneof optimisingthe useof such
servicesvhereverpossible.

In an earlier phaseof the globalisationof the software
market, text translationtypically proceededhroughan ad

1A translationof a text fragmentinto a foreign languageandbackto the native

tongue.Notein particularthatsuchlimitations maybecomeapparenevenwith short
sentences.

hocattemptto localiseexisting softwaredesignedolelyfor
the English speaking— and especiallyAmerican— world.
Suchsoftwareis by definition poorly architectedfrom an
internationalisationperspectie, involving substantialre-
designof the productsourcecodein orderto isolatelan-
guageandlocalesensitve material. Moreover, localisation
wasinitially fragmenteddrivenby thecommerciaheedfor
penetrationin a particularregion, andin consequencee-
quiring a limited rangeof languagesxpertise. Subsequent
localisationwas often characterisedy duplicationof ef-
fort, and suboptimalusageof translationservices. Tool
supportfor sucha processwas similarly ad hoc, perhaps
focusedmoreuponre-engineeringhe productarchitecture
thanuponsupportof the procesf translation.

While thereare numeroussmall vendorswho remainat
what might be describedby analogywith the Capability
Maturity Model(TheCMMI ProducfTeam2002)asLevel 1
internationalisatiorsoftwarefirms, the practiceof software
internationalisatiomasevolvedsubstantially atleastto the
point thatmajor softwarevendorshave addressethe most
fundamentaérchitecturalssuesandmodernprogramming
languagesand operatingsystemsnow provide direct sup-
portfor theprocess.

Prominentsoftwarevendorshave developedthe follow-
ing strat@iesfor minimisingtheimpactof internationalisa-
tionissuesn their products:

e The extraction or “externalisation”of userinterface
stringsinto resourcébundlesandmessagéables-thus
limiting thetaskof thetranslationserviceto thatof di-
recttranslationof a databasef known strings;

e Subsequentareful control and identification of the
original strings,their translatedargetlanguage=quiv-
alentsandthe context associateavith eachtranslation
performed,;

e Almost universal outsourcingof translationtasksto
specialistsoftware industry translation services, of-
ten basedin key internationalisatiorcentressuchas
Dublin andBeijing; and

e “Dumbing down” or simplification of string content
and associatedontext in preparationfor submission
to thetranslationservicesor machinetranslators.

Q ?umberof thesestratgiesare consideredn moredetail
elow.

Externalisation of Ul Strings: Extractionof userin-
terfacestringsand otherlanguagesensitve materialto re-
sourcebundless now standargracticein theindustry with
only thosevendorscontentwith a single,monolingualmar
ketfailing thisinitial test. Yet,againtheapparentlystraight-
forward translationtaskis complicatedby the embedding
of markup codes(suchasthoseusedin RTF-basedwin-
dows help files) and hyperlinkswithin the suppliedfiles.
As notedabove, theexperiencedranslatothasanimportant
roleto playin coiningappropriaterovel word combinations
andevenneologismdn the targetlanguagecorresponding
to theintentionof the original. This practiceis oftenham-
peredby the limited provision of systemspecificationgo
thetranslationservice andby the pressuresf time to mar
ket—in which a“mediocretranslation. . . deliveredon time
is muchmorevaluablethana perfectone...whichis three
dayslate” (Dohler1997).



Maintenanceof a String Database: Thebenefitof this
stratgy are self evident, astranslationcostsare gearedto
thenumberof wordsin the original document with prices
rangingbetweenUS$0.30and US$1.00per word (Lerner
1999Y. However, optimism must be temperedby the re-
alisationthatthe usefulnes®f the individual string is gov-
ernedby theindependencef its translationfrom surround-
ing context.

This arearepresentsan important opportunity for re-
search,throughthe investigationand developmentof in-
telligent and multi-lingually aware systemsfor the man-
agemenbf sourcestring databasesOf principal concern
mustbethe robustandcontet and grammaticallysensitive
identificationof similaritiesbetweemovel sourcdanguage
strings, and thosefor which a translationis registeredin
the database Appropriatetechnologyof this kind hasthe
potentialto realiseenormoussazingsin translationservice
costs,andin the reductionof time to market for new sys-
tems.

Preparation of text for translation: This pre-
processingstepis regardedas particularlyimportantin the
contet of machinetranslationasthe reductionof ambigu-
ities greatly simplifiesthe taskandenhanceshe reliability
of the underlyinggrammaticalmodel. The approachmay
alsoassisttranslationservicestaf, removing potentialam-
biguity dueto issuessuchasunfamiliar colloquialisms and
reducingtheword count.

Onemajormachineranslatiorvendorsummarisethese
issuesnicely in their recommendatiorio checklanguage
andsentencestructureprior to translation:

“Try to eliminateor alter sentencesind phrases
that have multiple interpretations. Remaove un-

neededvordsfrom asentencer split along sen-
tenceinto two shorterones”(Lann.d.).

The languagetechnologycommunity have investigated
similar issuesthroughthe developmentof a computation-
ally soundsimplified English, suchasthe “Controlled En-
glish” of Molla and Schwitter(Molla & Schwitter2001).
While acceptabl&ControlledEnglishmaybetoo restrictve
for all applications- indeedthe constructionof the equiv-
alentCE form requirestranslationof plain text into logical
forms— the approachis nevertheless importantpointerto
thefuture of assistedaindultimately automatedranslation.

While this analysisis necessaril\speculatie, it is likely
thatanimportantpre-requisitfor thewidespreadhdoption
of suchan approachwill be the availability of targetlan-
guagespecifictext generatiorframenorks, which will act
asa complementanserviceto ary text simplification en-
gine on the sourceside — or perhapsas a client draving
upona repositoryof a more formal semanticspecification
suchasthatdiscussedbove. This kind of technologyhas
beenadoptedin a numberof industry applications,with
oneof the betterknown systemseingthe CSIRO’s Isolde
project(Paris2002).

Discussion: In summary the problem of text transla-
tion remainsat the core of internationalisatiorefforts, and
thereappeardittle prospecbf afully automatedolutionto

2Indeed theauthorsareawarethatoneleadingvendor- in spiteof carefulatten-
tion to limiting the needfor new translation- paid almostUS$10million to transla-
tion serviceduring their mostrecentupgradejnvolving morethantwo dozentarget
languages.

the problemin the immediatefuture. While assistedrans-
lation applicationsare alreadyavailable, the mostimpor-
tantproblematthis pointliesin stringmaintenancandthe
avoidanceof unnecessargand costly translation. To date,
this effort appeargo have beenlimited to carefulindexing
stratgiesandto our knowledgethereareno applicationsn
existencewhich performintelligenttrawling of an existing
databaséor usefulsubstrings- existing translationsvhich
may be exploitedaspartof thetaskevenif therearediffer-
encesn theoriginal context.

Evidently, sucha project sharesa numberof the diffi-
cultiesencounteredby the machinetranslationcommunity
but theseare amelioratedo somedegreeby the reduction
in scopeandby thereadyacceptancef afailure condition
shouldanappropriateconfidenceprove unattainabldor the
givenquery Moreover, the costsof translationsuggesthat
even modestjncrementakeductiongn the translationtask
will be welcomed,and that integration of sucha system
with appropriatetext generatiorfacilities will bring enor
mousinterestfrom theindustry

Yet suchsystemsareof little useif the advantageshey
provide are overwhelmedby the cost of additionaltrans-
lations resultingfrom poor software engineeringpractice.
Thesessuesareconsideredn thefollowing sections.

3. Software Engineering Practice

3.1 Programming Languagesand Software Ar-
chitecture

While our focusin this and the subsequensectionis
uponissuesof software engineeringprocessthe selection
of an appropriatesoftware architecturecannotentirely be
divorcedfrom the classof implementatiolanguageandit
is perhapsusefulin any caseto considerbriefly the level
of internationalisatiorsupportprovided by industry stan-
dardlanguagesAs will becomeclear, suchsupporthasad-
vancedo the point thatmary of the key researctproblems
in this areahave beensolved, with the corvenientinput of
pictographiccharactershe oneglaringexceptior?.

The developmentof integratedprogramminglanguage
supportfor internationalisatiormay be tracedto the re-
leaseof the Jasa programminganguagean the mid 1990s,
andwe shall considerits facilities asrepresentatie, refer
ring to competingproductsonly as necessary Java was
thefirst mainstreanoffering to incorporatel6-bit Unicode
standard The UnicodeConsortium2000)characteraspart
of the language. Moreover, the associatedtlasslibraries
providedextensive supportfor a substantiahumberof ISO
standarddor locales,incorporatingdate, numberformat,
curreny andlanguagespecifications.

While usageof theseclasse@ppearsomeavhatcumber
some-with thenecessityf constructingothl ocal e and
formatter objectsprior to outputof a curreny value,
for example— the additionalline or two of codeseemsa
small price to pay for the inherentutility of the approach.
In ary case,the tutorial material available with the SDK
andthe considerablenumberof professionaleference®n
the market eachprovide appropriatdestprogrammesyith

3As notedearliet our focushereis uponapplicationsdevelopmeniandthis issue
is bestregardedasan operatingsystemsssue— andindeedthe problemis receving
agooddealof attentionfrom both Microsoftandthelinux community



boilerplatecodewhich maybereadilyintegratedinto more
elaborateapplications.

Internationalisatiorsupportin Jasais not, however, lim-
ited to thesemore obvious considerationgHorstmann,&
Cornell1999)Thel ocal e objectmay be usedasa pass-
portto localisedbehaiour in thefollowing domains:

e SortingandOrderingatvariouslevelsthroughacol -
| ati on object;

e Text boundariesthroughaBr eakl t er at or object;
and

¢ Managementof resourcebundles, through a Re-
sour ceBundl e object.

The adwent of similar supportwithin the latestrelease
language$rom vendorssuchasMicroSoft (throughC#and
theavailability of associatedlasdibrariesto manageaode
C++) senesonly to emphasisehe earlier point that most
of theimportantchallengesn this areahave now beenad-
dressedindthefruits of this researctarenow widely avail-
able. While it would appearthat thereis somescopefor
further extensionsto locale support, perhapseven at the
level of tablesof lexical equivalence suchresourcesireex-
tremely unlikely to be integratedwithin the fabric of the
languagean the sameway asthe Unicodecharactersrein
Java. Thus,evenif suchfacilities are suppliedby the lan-
guagevendor they cannotin practicebedistinguishedrom
third party suppliersoffering supportlibrariesfor a multi-
tudeof purposesin thissensewe aretravelling beyondthe
scopeof the programmindanguageper se,andareleading
naturallyinto the domainof the softwarearchitect.In mary
respect®ur pathtravelsby way of thesoftwarecomponent,
andwe shallreturnto thisthemein duecourse.

Much of the available literature would suggestthat
progressn internationalisatiorsensitve softwarearchitec-
tureshasbeenlimited —andindeedthisimpressioris in part
a consequencef the paucityof articles. In this discussion
we will analysethe two extremesof the debate,offering
somelimited resolutionof the conflict.

On the one hand, internationalisedsoftware could be
basedon generalpurposeprocessingengines,which can
thenaccesaindusetablesof informationspecificto a par
ticular locationto give appropriatebehaiour in that con-
text. Thishastheadvantageahatthesoftwarecanquickly be
adaptedo new locations,andgivesthe possibility of a sin-
gle binaryreleasavhich works everywhere sinceit is only
thetableswhich needto bemodified,nottheprocessingn-
gineitself. This styleof architectures proposedy Kokko-
tosand Spyropoulos(Kokkotos& Spyropoulos1997).

Thecentrallimitation of thisapproacHiesin its capacity
for scopecreep- resultingin processnginesof byzantine
compleity. The natureof internationalisatiorensuresub-
stantialrisk from thetendeng to anticipateproblemswhich
may not have beendemonstratedo occur, with a conse-
quentrisk of grosslyinappropriatdevelsof functionality.

At the otherextremelies the pureminimalistapproach,
in which the applicationis at the outsetdesignedasfar as
possibleto exclude considerationof locale dependencies,
with theinitial focusuponcorefunctionality. In principle,
localisationsupportis thenintroducedas a goal of subse-
guentrefinement®f the product. Suchan approachwould
appeamvell suitedto the light weight, highly iterative pro-
cessesiow gainingwide industry acceptancéor software
developmentthe“agile” processnovement.

A disadwantagehereis that even a light weight process
canbecomeslow and expensve if it requiresrepeatede-
work for eachnew circumstance. The usualsolution, in
an agile framework, is to refactorpartsof a productonly
at thosepoints when it becomesclear what portion of a
systemis beingrepeatedr revised on multiple occasions,
and thenrefactorthat portion to be more generallyappli-
cable. For softwareinternationalisatiorsupport,it appears
unlikely thatsucha bottom-upsolutionwill prove optimal,
andindeedinternationalisatiomay provide a usefulexam-
ple for attacksupon methodologiesuchas XP, which is
often criticisedfor its dependencepon ‘emeigent’ archi-
tecturaldesign.

It seemgplausiblethat the optimal approacHies in the
middle groundbetweensuchextremes but it is difficult to
discusghe generakasewithout degeneratingnto banality
Plainly, in designingfor a globalmarket a developerneeds
to maintaina particularly cleanseparatiorof concernse-
tweenthe human-computemterface, and the universally
applicabledataprocesseshat may exist; andthis requires
duecareandfrom theoutset.

On the otherhand,thereremainsa clearbenefitto sim-
plifying theinterfaceof globalisedapplicationsasmuchas
possible thusproviding somenaturalbounduponthe com-
plexity of adaptation.

Ultimately, it is our belief that the bestsolutionto the
architecturaproblemlies notin the specificatiorof thein-
ternationalisatiorstructureper se, but ratherin the specifi-
cationof a standardnterfacefor internationalisatiorcom-
ponentssothatdevelopersmayphraseheirlocalisationre-
quirementsin termsof appropriatemessageshroughthe
necessanAPIl. In onesensewe are proposingthatthein-
dustryadoptcoverall architecturesn the style of Kokkotos
andSpyropoulos,with developersableto selectonly those
componentsecessarjor theirapplication.Moreover, such
anapproacloffersthe promiseof ahealthythird party soft-
warecomponentnarket, particularlyin importantbusiness
domains.

Suchapplicationswill in mary respectprovide afunda-
mentaltestof the viability of the componenmarket. Dif-
ferentlocationsmayinvolve markedly differentlegislation,
regulationsandtaxationregimeswith a substantiaimpact
upontheprocessinghatmustbeperformed.For softwareto
beadaptedtasilyto anew location,it shouldbeeasyto alter
thebusinessulesby whichit operatesandthisin turn sug-
gestghatevensomeunderlyingprocessingulesshouldnot
be hardcodedinto the application but be includedthrough
someexternal mechanism. Ideally of course,the devel-
opersshouldbe ableto purchaseoff-the-shelfcomponents
whichembodytheregimein whichthey wishto operatebut
evenwith the bestof intentionsthis will never bethe com-
pletesolutionfor a complex application. Somemixture of
off-the-shelfandin-houseinternationalisatiorcomponents
would appeato beunavoidable.

Yet the problemof an appropriatesoftware architecture
is also linked to the importantquestionof integration of
internationalisatiorworkflows with modernsoftware engi-
neeringorocesses aproblemwhichwe shallconsidefrom
theperspectie of quality assurancé the next section.



3.2 Quality Assurance

The obvious principle that one cannottest quality into
software hasa clearcorollaryfor internationalisationone
cannottranslatenternationalisatiorinto software. Interna-
tionalisationissuesneedto be consideredrom conception
throughto packaginganddelivery, andtherearemary dis-
tinct aspectgo beaddressed.

The developmentof maturity modelsfor development
processedas proven highly successfulin managingthe
quality of software products. The Capability Maturity
Modelfor software(Raulk, Curtis, Chrissis& Weber1993),
developedby WattsHumphrey andthe Software Engineer
ing Institute,hasbeeninfluentialin this regard,andrelated
modelshave since beenintroducedto cover a numberof
additionalaspect®f softwareproduction.

Given the inherentcompleity of internationalisation,
and its potentialimpact upon the developmentprocess—
fromrequirementanalysigight throughto thetasksof sup-
portandmaintenancef the deliveredproduct— we believe
thatthisis a problemwhich is well suitedto a comprehen-
sive maturitymodel.

Martin Pol has developed a model for Test Process
Improvement(koomen Pol, Broeders& Voorthuyzem.d.),
in which thereare twenty key areasidentified, and a test
maturity matrix wherelevels for eachof the twenty areas
areidentifiedandranked. Sucha modelcanbe usedto give
acomprehensie pictureof thematurity of testingwithin an
organisationsoasto identify areasof weaknessndoppor
tunitiesfor improvement.

Therearegoodreasondor believing thata similar style
of approactwouldwork well for internationalisationThere
aresomeobviouskey areasvhichcouldbeidentified: string
managementiranslation,acceptanceestingin target en-
vironments jnternationalisedupport,changemanagement
acrosgargetervironmentsmatchingof initial requirements
to differentinternationakcontexts,andsoon.

A studyof companiesvhich have beensuccessfuin de-
velopinga productfor diverseinternationalmarketsis im-
portantto guidetheidentificationof key areasandmaturity
levelsfor suchamodel,andcorversely thegoalof produc-
ing amodelin this form givesa usefulframework for such
astudy

An inevitabledifficulty with thisapproacHiesin thepro-
tectionof the commercialinterestsof the participantcom-
pary; thosecompaniesvhich demonstratéigh maturityin
this areamay considerthis to give thema critical strateic
adwantageover competitors,and so they may be cautious
of sharing.On the otherhand,one might reasonabhargue
thatanimprovementin the profile andreputationof there-
gional industry will be of benefitto all of its developers,
andfor somecompaniesheremaybe a happy coincidence
of altruismandself-interest.

As hintedat the startof this section,Oneguiding princi-
ple of any suchmodelis therealisationthat quality control
for internationalisatiortannotbe addressedolely by test-
ing a finishedproductfor a foreign market. Nevertheless,
suchtestingremainsimportant,of course! Whenaninter-
nationalisedproducthas beenalteredin ary way as part
of adaptationto a particularlocale, full regressiontesting
shouldalways be performedon the final product. More-
over, thebackgroundndskill setof thetestingstaf mustbe
carefullychosenandthesestandardsidheredo stringently
In this respect,there can be no substitutefor third party

evaluationby expertswho are native to the target culture
andlanguage Formal certificationof third party evaluation
or testingserviceswould help, andthereare somerelevant
standardghat apply, suchas|1SO 2384:1977(Internigonal
Standard®rganisation1997),which describeshow trans-
lationsshouldbe presented.

One potentialadvantagefor Australiansoftware devel-
opersis thatour Universitiesattracta steadystreamof com-
petentyoungpeoplefrom overseasvho arenative spealers
of languagesvhicharelik ely to betargettedby softwarede-
velopers.Thereareobvious advantageso having software
engineersn a compaty who are native to thesecountries.
This is not a substitutefor a carefully controlled process,
but it mayhelpmale quality controlmoreefficientandcost
effective.

While all of thesemattersare properly consideredas
quality control for localisation, internationalisationtakes
the procesonestepfurther, andaimsto beeasilyandnatu-
rally localisedfor differentculturalandlanguageontexts—
with perhapsagreatelik elihoodthatchangesnaybemade
at different stagesof the life cycle and by different peo-
ple. Particularcareneedso be givento consisteng in the
caseof distributedapplicationsworking at oncein several
diverselocales. This is one aspectof internationalisation
which hasnot receveda greatdealof attention.

In theprecedingparagraphsve have examinedanumber
of specificaspectf internationalisatiorand localisation
throughthe lens of traditional notions of quality control.
While the adoption- afterdueadaptation- of bestpractice
for quality control andassurancén Software Engineering
is of critical importanceijt is perhapsn this domainthatis-
suesof processommunicatioranddocumentatiotbecome
mostimportant.

Quality assurancdor internationalisatiorrequirespar
ticular attentionto the presentatiomndmaintenancef data
anddocumentationthe objective a clearseparatiorof con-
cernsbetweerthegeneraproblemor taskaddressedy the
software,andissueghatrelateto the choiceof locale.

It is a well understoodaxiom of effective quality man-
agementhatit is not enoughto addresgshe matterfrom a
technicalperspectie;it is alsoimportantto focuson the at-
titudesandinterestsof peoplein the organisationPersonal
issuesmay becomeparticularlyimportantwhenthereis a
needfor peoplewith diversebackgroundandsubtly differ-
entculturalassumptionso beworking on andevaluatinga
project.

Justasa softwareproductmustadaptto diversecultural
contets, sotoothe softwaredevelopmeniprocesswill need
to encompasthe rangeof backgroundparticipatingin the
development. Quality control in particularmight involve
obtainingfeedbackirom individualswith differentcultural
corventions,and this is likely to be reflectednot only in
different perceptionsor reactionsfor animageor a page
layout; it may also appearin the way thosereactionsare
reported.

Suchvariationsin perceptiorandsemioticinterpretation
areconsideredurtherin thefollowing section.

4. Cultural Adaptation

As notedearlier the problemof adaptatiorof software
accordingto culturally specificinterpretationsof aspects



suchas colour and sign is inherently comple, and diffi-
cult to automate.Suchprogressashasbeenmadeis based
largely aroundthe useof internationalstandardsind care-
ful involvementof peoplenative to the targetenvironment.
Givenourfocusuponthecurrentresearctagendagurtreat-
mentof this areawill be somavhat cursory Nevertheless,
somecoverageof the topic is an essentiabrerequisitefor
discussiorof curriculumdevelopmentandwe shallproceed
asfollows.

User requirementshasedon cultural backgroundare
sometimeslistinguishedseitherovertor covertfactorsac-
cordingto subtlety(Yeo1996Y. In the presentwork, overt
cultural factorssuch as locale specific date formats have
beenconsideredas part of the internationalisationmain-
stream,andwe are hereconcernedvith the moredifficult
covertfactors.

Covertfactorsnormallyfall into four subcatgories:

e Mental Disposition: Differencesn the mentaldispo-
sition of peoplefrom differentculturesinduceconse-
qguentdifferencesn their userinterfacedesignprefer
encesconcept®f usabilityandprioritiesfor function-
ality of thesoftware;

e Perception: Perceptionis here usedto encompass
the whole psycholinguisticapparatusf interpretation
of metaphorandsymbolicrepresentation@ncluding
colour, choiceof icons,graphicalart work, andaudio
signals);

e Social InteractionRules: Socialinteractionrules are
relatedto perception,but refer more specifically to
the corventionsgoverning interpersonatommunica-
tion, through verbal dialogues,hand gestures body
languageandfacialexpressionsand

e Contet of Use: This refersto the ervironmentwithin
which the software is used— both the physicalwork

spaceandthe organisatiorin whichit is deployecP.

Thesefactors have a enormousimpact upon the de-
signof the userinterfacefor softwareproductswith some
commoncolour schemesandiconic representationprov-
ing intuitive within one culture but profoundly unsuitable
within another There has been substantialresearchon
the impactof culture on userinterfacedesign(for exam-
ple, FernandegFernanded995), Ito and Nakakoji (Ito &
Nakakoji 1996),Herman(Herman1996),Yeo (Ye01996)).
However, in practice the attentionpaidto culturalvariation
in softwaredesignremainslimited. The lack of awareness
of culturalfactorsby softwaredesignerandthehigh setup
andtraining costhave beenpercevedastwo mainreasons
for this neglect.

While we would arguethatinterdisciplinaryresearchn
this areainvolving computerscientistsperceptuapsychol-
ogistsandculturalanthropologistss highly desirablethere
is little doubtthat suchan enterprisewill bearcommercial
fruit only in thelongerterm. Fromour perspectie, adapta-
tion to incorporatecovertculturalfactorsmustbeviewedas

4Other finer, sub-catgories based upon functionality have also been pro-
posedMahemof & Johnstor1998).

SArguably suchissuesmight include regional variationsin computerhardvare
andtelecommunicationinfrastructure— a problemof particularimportanceto the
web designcommunitydue to bandwidthlimitations. However, localisationof the
minimal systemspecificatioris unlikely to beacceptabléo softwarevendors.

a software engineeringdesignand quality assurancerob-
lem — andin the absenceof genericmodels,therecanbe
no substitutefor the technicallyliterate native of the target
ervironment.

However, theseissuesdiffer from string translationin
thatculturalexpertiseis requiredright from theoutsetof the
requirementgphase jn orderto shapethe overall architec-
ture of the userinterface,andnot merelyduringadaptation
andtesting. The costof adaptationmay be markedly re-
ducedif the software architectureis constructedwith the
specificaim of cultural adaptationin mind, and if perti-
nentinformationis archivedandretainedor futuredevelop-
ment. Commonrepositoriesandstandardiseéhternational
corventionswvould alsoassistowardthis end,andthisleads
naturally into discussionof the standardsnovement,the
topic of the next section.

5. Inter nationalisation Standards

As in the previous sectionwe begin with the caveatthat
our treatmenbf standardgor softwareinternationalisation
is somavhatlimited, anddevotedmoreto a surney of those
aspect®f the problemin which standardhave alreadyap-
pearedor arewell-advanced- thusidentifying constraints
on possibleresearchprojectsand sourcematerialfor cur-
riculum development. We are particularly concernedvith
the effectivenesf the standardsnovementin providing a
framawork for uptale of internationalisatioroy SMEsand
in thatrespecthe pictureis someavhat disappointing- al-
thoughtherearesomeusefulexceptionssuchasthe AFSIT
Data Bookdiscussedbelow.

Internationalstandardpertinentto softwareinternation-
alisationhave emepged primarily throughthe explosion of
interestin email and Internetserviceswith developments
by numerousWorking Groupsand TechnicalCommittees
over the pastdecade. The InternationalOrganizationfor
StandardizatioflSO)is involvedin arangeof aspectspar
ticularly at the lower levels of defining charactersetsand
APIs. In Europe,the Trans-Europeamesearchand Edu-
cation Networking Association(TERENA) hasa working
groupWG-il18n consideringthe matterof internationalisa-
tion andthe developmentof standarddor inter-operation
of servicesusing multi-lingual documents and the Euro-
peanCommitteefor Standardizatio{CEN) hasa techni-
cal committeeTC 304 on EuropearLocalisationRequire-
ments,which dealswith mattersrelatingto charactepro-
cessingsuchaskeyboardsanddataentry, charactecoding
andordering,andvariousformattingcorventions.

Internationalisatiotis a matterof specialimportancefor
interactiondbetweenAsiaand“Western"nations;ithereis a
greatergapin languageandculturethanoccurs,for exam-
ple,within Europe.TheAsianForumof Standardizatiofor
InformationTechnology(AFSIT) hassetup aspecialinter-
estgroupon Internationalizatiorthattakesa broaderview
of theissues.They have produceda Data Bookof Cultural
Corventionin Asian Countries(CIC 1997)as a record of
their actvities. This resourceaddressea rangeof matters
includinglocal corventionsfor numbersdatestimes,fonts,
papersizesformsof addressmeasuremersystemsgolour
significance andtabooitems. It is intendedasa sourceof
information,ratherthana standarcandformsa usefulbasis
for curriculumandpracticealike.



The mostfundamentaproblemaddressedy standards
is simply that of encodingdifferentlanguages.Sincethe
mid-eighties ]SO hasbeeninvolvedin developingcharac-
ter setsfor differentlanguagesbeginningwith the sixteen
encodingof ISO 8859seriesof 8-bit charactesets.While
thesearemostly variationson the Latin alphabetthey also
includeCyrillic, Arabic, Greek,Hebraw, CelticandThai.

This approachis inadequatefor the pictographiclan-
guages,most notably Chinese,where thousandsf char
actersare required, or the Korean Hangul script, which
usesa phoneticalphabetbut arrangedn two dimensional
form thatmakesit morecorvenientto represeneachcom-
plete syllable as one “character”. The solution is Uni-
code;a universalcharactersetthatis ableto representv-
ery charactein every languagen commonusetoday The
UnicodeConsortiummaintainsthe standard The Unicode
Consortium2000),in closeco-operatiorwith 1ISOP.

Thesevariousstandard$ave now beenintegratedto the
extentthatall of the SO 8859seriesnow mapto Unicode—
atransitionreadily exploited by Java’s internationalisation
support,throughlocale-specificcharacteiselectionsbased
aroundits native Unicodeencoding. Adoption of the Uni-
codestandardy SUN hasmarkedlyincreasedhevisibility
of internationalisatioramonginformationtechnologypro-
fessionalsand studentsalthoughmary systemsdeveloped
in Java run on platformswhich do not useUnicodeandso
accesdo fontsis limited. Useful guidesfor the applica-
tion of Unicodeareprovidedby The InternetMail Consor
tium (InternetMail Consortiuml998),aspartof theirmove
to supportits adoption.

Similar leadershighasbeenprovidedin thewebdomain
by the W3C through the developmentof version 4.0 of
the HyperText Markup LanguageHTML 4.0 (W3C 1999).
This standardchasbeendesignedo supportinternationali-
sationof the World Wide Web, andwhile it mandate&Jni-
code,it is principally of interestto usthroughits iniatives
in supportof cultural corventions,suchasthe directionof
flow of atext. Otherproposaldor the internationalisation
of URLs have beenaroundfor sometime, but remaincon-
tentious(Yergeaul996), and at this point, native usersof
theLatin charactesetsenjoy a distinctadvantage.

While we haveearlierdiscussedhternationalisatiosup-
port providedby modernprogrammindanguagesndoper
atingsystemsthesedevelopmentsareindicative of thesuc-
cessof the standardsorganisationsfrom the introduction
of locale by the POSIX (PortableOperatingSysteminter-
face)standard The OpenGroupn.d.), to its successorfn
thelSO umbrellaprojectFunctionalityof theinternational-
ization of applications(working groupJTC1/SC22/WG20;
the overall framawork is describedn (InternationalStan-
dardsOrganisatiori998)):

e |SO/IEC 14651. International String Ordering This
was publishedas a standardin 2001. It definesor-
dering on strings, and meansto specify local order
ings (InternationalStandard©rganisatior2001b).

e ISO/IECDTR 14652. SpecificatiorMethodsfor Cul-
tural Corventions.(Approval gainedin June2002for
publication as a technicalreport.) This report will

Thecharactesetof theUnicodestandard.is identicalto thestandardSO/IEC
10646-1:2000andthetwo organisationsnaintaincloselinks to ensureongoingcom-
patibility. TheUnicodestandards themorecomprehensk referenceasit addresses
alsoa numberof semantiqropertiefor charactersindcharactesets Jike thedirec-
tion of a script,orderingsandmappingsetweerrelatedcharacters.

not be a standardandit is controversialin someas-
pects; but it will give useful guidancefor specifica-
tion of locale specific corventionsfor dates,times,
money, addresgormatting,characteordering,andso
on (InternationalStandard®©rganisatior2001a).

e ISO/IEC WD 15435. Internationalisation APIs.
(Working draft, but to be withdrawvn.) This wascon-
sideredasapossiblestandardor APIsrelevantto con-
ventionscoveredin the 14561and 14562documents.
It is likely thata new projectwill be considerecasa
replacement.

Suchwork on standardss at oncesignificantand ele-
mentary Therole of standardss to establistconsisteng of
approachandthey mayestablista preferredvay of captur
ing andstoringlocal corventions,which may be accessed
by globally awareapplicationdrom differentvendors.

This canhave several benefits.It may limit the needfor
individual software housesto re-irvent the wheel; it may
permitapplicationsto be tailoredto a locationwithout the
needfor recompilation;it may ensurethat differentappli-
cationsareconsistentn theirbehaviour; andit providesthe
possibilityfor refinmentof local descriptionsvenafterde-
ploymentof the application.

However, at present,standardsdo not adequatelyad-
dressthesubtleraspect®f culturalconvention,anddespite
somehonourablexceptions the documentdall well short
of comprehensibilitynecessarjor immediateuseaspartof
thedevelopers professionalibrary. To the extentthatsuch
guidancss not providedby the standardsrganisationsthe
role of educatinghe professiorandits apprenticesnustbe
takenup by theacademicommunity andtheconsequences
of internationalisatiorior the curriculumare consideredn
thenext section.

6. Curriculum

It is now apparenthatacademidnterestin internation-
alisationis growing, with a numberof universitiesacross
the world providing individual subjectsand coursesn the
area.Whatis lessclearis the extentto which international-
isationhastranscendetheboutiqueofferringto becomean
integral partof the curriculum, partof the knowledgebase
andassociatedkill setwithoutwhich aninformationtech-
nology graduatewould not be complete. For example,the
joint IEEE-CSandACM curriculumtaskforcefinal draft of
the CC2001ComputerScienceCurriculum (The IEEE-CS
andACM Joint Task Forceon ComputingCurricula2001)
limits internationalisatiorto the core areasof social con-
text (p.143),intellectualproperty(p.144)and privagy and
civil libertiesissueqp.145),with internationalisatiom the
presenisensenot evenlisted asan elective. Patently some
evangelismis required- althoughone may argue that in-
ternationalisations lessof animperative for the American
industrythanfor AustraliaandNew Zealand.

Neverthelessit is lik ely thatthoseacademi@epartments
wishingto incorporateinternationalisationmssueswill have
to introducethe materialgradually and somepossibilities
areasfollows:

Advanced Elective Units: A degreecoursemight in-
clude elective units that focus on specificareasrelating to
internationalisatiorand localisation. The primary danger



in this approachlies in the potentialfor conflict between
studentexpectationsand the availabletime. In particulay
studentsexpectinga toolkit of techniquesmay be deeply
disappointedby a wide-ranging,but relatively superficial
overview. The apparentlyfatal pre-requisiteof foreignlan-
guageexperiencemay be overcomethroughthe useof a
highly artificial pseudo-languagén which the issueis the
demonstratiorof the technicalproblemsof expansionand
font selectionratherthanthoseof semanticequivalence.
Elective unitsof this naturemaybehostedn avariety of

subjectareas:

e Software engineeringfor internationalisationcould
cover matterssuch as appropriatearchitecturestool
supporttesting,supportfor diversecharactesets and
resourcdiles;

e Localisation of software and documentationcould
coverthird partytranslationplanningfor easeof trans-
lation, handlingof locale-specifiaegulationsor other
semanticprocessingand cultural aspectdo localisa-
tion;

e While not softwae internationalisationin the strict
senseonsideredhere,aunit basedaroundwebsitede-
velopmentcould cover multiple languagesupport,in-
ternationalisatiorof URLs andHTML, programming
of locale-avare appletsor otherweb basedsoftware,
andbrowserspecificconsiderations.

Intr oductory Conceptsin a Foundation Unit: While
a basicintroductionof this kind is helpful, and certainly
betterthanno exposureat all, it is clearthatits usefulness
will belimited unlessthe conceptsarereinforcedaspartof
moreadvancedmaterial.

As an Example in More Advanced Units: Interna-
tionalisationis ideal as a motivationalexamplein general
software engineeringunits for suchbasicconceptsassep-
arationof concerns,and maintainability and flexibility of
software. Studentscan seeimmediatelyandin very con-
cretetermsthattheseimportantengineeringconsiderations
do not merelygive a benefitwith respecto nelulousmea-
suressuchas“quality”; it is simpleeconomicsn a global
marketplacethatsuchfactorswill determinewvhetheror not
adeveloperis ableto competeandexpand.

Threadedthr oughthe Curriculum: A generakurricu-
lum thatis internationalisation-friendlynight alsoinclude
the useby default in all units of wide charactersets,and
the useof resourcesn larger software projects. Naturally,
suchanapproactwill limit thechoiceof programmindan-
guageand ervironment. Mattersrelatingto internationali-
sationor localisationshouldalsobe explicitly addresseth
units that focus on the relatedtopics of quality assurance,
systemsanalysisandWorld Wide Web development.

Discussion: In summary the simple fact that an edu-
cationalinstitution seesa role for suchunits in its offer-
ingswill have abeneficialeffecton all studentseventhose
choosingnotto take suchunits, by raisingawarenessf the
areaandensuringhatgraduatesreawarethatthisis amat-
ter of importancen informationtechnology

While the academicomputerscientistandsoftwareen-
gineeris properlyfocusedtioward the educatiorof the next
generationuniversity staf have a wider responsibilityto
engagen debateacrosghe wider profession.Softwarein-
ternationalisatioris anareaof profoundimportancefor the

Australasiarsoftwareindustry andonein which our activ-

ities may leadto wider acceptancef this imperatve. Our
own experiencesuggestshatindustryawarenes®f theim-

portanceof theseissuess growing, andthat animportant
aspecbf thedevelopmenbf thecurriculumis a healthy bi-

directionalrelationshipwith industryin which both parties
benefitfrom new ideasthey would not otherwisehave en-
countered A numberof majorvendorsandinstitutionsare
alreadyperforminghigh quality work of this naturewithin

the region, andwe concludein the following sectionwith

somedisciplined speculationaboutthe future of this co-
operatve effort.

7.Conclusions

In this paperwe have examineda numberof the core
problemsof software internationalisationat the present
time, with a particularfocusuponthe opportunitiesfor re-
searchandcurriculumdevelopment.Giventhe commercial
importanceof the issues,however, it is critical that these
opportunitiesbe pursuedn co-operatiorwith theindustry
cognizantalwaysof the objective of economicallysustain-
ableadaptatiorof successfusoftwareto multiple erviron-
ments.

The Australasianregion is remarkablywell-placedto
host ongoingadvancesin this areaand to foster a wider
awarenesf linguistic and cultural variation. Indeed,the
presencén Brisbaneof the Asia Pacific engineeringcentre
for Red Hat, and a core developmentcentrefor Oracle—
eachwith a stronginternationalisatiorfocus— is clearev-
idencefor this proposition. We have the benefitof a com-
mon tradition of languageand culture with the dominant
EnglishandAmericancultureof themodernworld, andwe
have the benefitof beinga melting pot of mary diverseand
vibrant culturesandlanguagdraditions. We have a gener
ally high standardof living and good accesso education
andto moderntechnology We have demonstratedbility in
innovation. For the mostpart, we have a good reputation
overseagthoughit would be unwiseto presumeonthattoo
easily). We area partof the burgeoningregion of the Asia-
Pacific, filled with expertiseandenegy andpotential.

Theglobalsoftwaremarketis anareain which Australia
andthe Asia Pacific canhopeto malke a significantandin-
novative contribution. Therearemary facetso theproblem
which areworthy of investigationandthereareopportuni-
ties”andmarletswhereinternationalisedoftwareshoulddo
well.

In the various aspectsof internationalisatiorreviewed
in this paper we can seeample scopefor the researcher
to pursueboth intellectually interestingand commercially
significantproblems. While thereis a solid foundationof
work in translationand cultural adaptationpoth fields are
far from exhaustecandwe have identifiedin this paperthe
issuesof stringmanagemerandtext generatiorfrom sim-
plified sourcesmsthemostpressingesearctproblemsn the
translationrdomain.With respecto languagesndarchitec-
tures, the core problemslie in the documentatiorof best
architecturalpractice,andthe integration of international-
isationworkflows within softwareengineeringprocesses
with the latter to incorporatesomesolutionto the ongoing
complaintsof translationstaf thatthey aregiventoo little
information andtoo little time to performtheir task ade-
guately Suchissuedie atthe heartof good quality assuf



ance,and formalisationof theseresponsibilitiess anim-
portantstepin reducinginternationalisatiomelateddefects.

In longerterm,theinternationaktandardsnovementof-
ferssomehopefor a solutionto themostdifficult of interna-
tionalisationissuesthoseof a generalpurposeinternation-
alisationarchitecture- possiblythroughstandardisatioof
theinterfacefor internationalisatiorspecificsoftwarecom-
ponents- andthe specificatiorof aframework for handling
variationsin covertculturalfactors.

But it must be rememberedhat standardsare not a
panaceaandthatsuchrelief asthey provide may oftenbe
along time coming. Developersshouldtake advantageof
whatstandardisatioaxists,andthenfocusonmakingasuc-
cesawith therest;standardisatiohasa historyof following
successiatherthanthe corverse.

The mostimportantfocus, however, is for developers
to put what is known into practice, and for studentsto
hearaboutthe issuesin their University courses. We al-
readyhave an excellentinternationalmix in the Universi-
ties; andall the studentspothvisiting andlocal, cant help
but be awarethatusersof informationtechnologyarefrom
mary diversebackgroundsEnterprisingstudentsnayeven
recognisethe opportunitiesto establishlinks with onean-
otherthatcanpay off in thefuture.

Whatwe neednow is to placethe problemsandbenefits
andskills associatedavith producinginternationalisedoft-
warebeforethosestudentdy giving it seriousexamination
asa demandingand profitabletechnicalsubject. They will
find bettersolutions.
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