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1. Managementsummary

Thisreportexploresthepossibilitiesofemulationasapreservationstrategy,
focusingonthecontextofHetNieuweInstituut(HNI)asanarchitecturearchive.
TheresultsmustenableHNItoformanideaofthepossibilitiesthatemulation
offers,wherethiscanbeappliedandwhatrequirementsthisimposesonthe
organizationintermsoftechnicalinfrastructure,workprocessesandexpertise.

Inthefirstchapter,wedefinetheconceptofemulationandemulationasa 
service.Thesecondchapterexplorestheapplicationofemulationasa
preservationstrategy,wheretechnical,aswellasorganizationalandlegalissues
andopportunitiesarediscussed.Thechapterconcludeswithageneraloverview
oftaskswhenanorganizationimplementsemulationasapreservationstrategy.
Chapter5thenfocusesontheimplementationofemulationinHNIrelating 
thistoHNI’spreservationpolicyandinfrastructure,andillustratedbysome
implementationexamplesofthreefileformats.

FortheHNI’sborndigitalcollection,emulationisanoptionworthconsidering. 
Asacomplementaryorinsomecasesevenanalternativestrategy.The
knowledgeandtechnologytomakedigitalobjects(filesorfulldiskcopies)
accessibleinanemulationenvironmentisavailable,butoftenstillfragmented
anddevelopedintemporaryprojectsorbyorganizationswhosesustainabilitycan
bequestioned.Aservicemodelinwhichpubliccloudemulationenvironments
areofferedtomultipleorganizationscanrealizeeconomiesofscaleandthereby
achieveamoresustainableecosystem.

ItisthereforeanattractiveoptionforHNItobepartofa–yettoberealized–
partnershipthatoffersthisservicemodel.Inthatcasetoo,however,HNI 
stillhassomeissuestotackleandchoicestomake.Thesechoiceswillhaveto
bepartoftheglobalpreservationpolicyandelaboratedinthefileformatstrategy.
Onatechnicallevel,thisstrategywillhavetobetranslatedintorequirementswith
regardtothedigitalrepositorymanagementsystem,proceduresandwork 
processes.Finally,HNImustformulateapolicywithregardtothelegalfeasibility 
andpossiblerisksofacquiring,usingandofferingsoftwarethatisstillcopyrighted.
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2. Introduction

HetNieuweInstituut(HNI)isincreasinglyacquiringdigitalarchivesofarchitects,
urbanplannersandorganizationsworkingwithinthedesigndomain.Thisrequires
newstoragestrategiesandworkprocesseswithregardtothesustainable
managementofdigitalobjects.Topreventlossandunwantedchangesof
information,asafeenvironmentisrequiredthatsafeguardstheintegrityofthe
digitalobjects.Thisenvironmentalsocontributestothepreservationofthe
authenticinformationobjects.

Theaccessibilityofdigitalobjectiscloselyrelatedtothetechnicalenvironments
theywerecreatedon.Asphysicalandsoftwarecomponentsofthese
environmentsbecomeobsolete,theyaregraduallyreplaced.Onalongterm,the
resultingnewenvironmentsareunabletorenderdigitalobjectsthesameway
aswhencreated.Meanwhile,theoldhardwareinevitablybecomesobsoleteand
becomesuselessduetowear,makingitimpossibletousetheoutdatedsoftware
components.Duetothecomplexityofthedesignsoftwarefileformats,converting
(migration)toanothermoresustainablefileformatisoftenaproblematicstrategy.
ThatiswhytheHNIisinvestigatingthepossibilitiesofemulation.Thisisa
preservation strategy aimed at preserving digital resources as originally created 
andused.Byapplyingemulationtechniquesitbecomespossibletomimicthe
behaviorofanoutdatedcomputeronanother(newer)computer.

Anemulationstrategyhastobetranslatedintoworkflows,actionsanda
preservationplanning.Thisissupportedbyaninfrastructurewithcertain
functions,metadata,protocolsandstandards,requiringspecificknowledge
andskills.Thisreportexploresthepossibilitiesofemulationasapreservation
strategy,withinthecontextofHNIasanarchitecturearchive.Thefindings 
canenableHNItogetabetterunderstandingofthepossibilitiesemulationoffers
inrelationtoitspreservationpolicy,howemulationcanbeappliedandwhat
requirementsthisimposesontheorganizationintermsoftechnicalinfrastructure,
workprocessesandexpertise.
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3.EmulationandEmulationasaService(EaaS)

Emulationcanbedescribedastheimitationofacertaincomputerplatform 
orprogramonanotherplatformorprogram.Inmoretechnicalterms,itcanbe
definedas“there-creationoncurrenthardwareofthetechnicalenvironment
requiredtoviewandusedigitalobjectsfromearliertimes.”(Holdsworth&
Wheatley,2001).Asopposedtoamigrationstrategyinadigitalpreservation
policy,emulationmightbedefinedasthelogicalreplicationofacomputer 
system,notofthefileitself(Rechert,2016).

AsexplainedinvanderHoeven(2005),differentlevelsandformsofemulation
exist,suchassoftwareemulation,systememulationandhardwareemulation. 
Infullemulation,theemulatorrunsontopofthehostoperatingsystem,instead
ofrunningdirectlyonhardware.Thereforewedefineanemulatorhereasa
softwareprogramthatrunsonahostplatform(hardwareandoperatingsystem)
andvirtuallyrecreatesthehardwaretargetplatform(vanderHoeven,2005).
Emulationcanbeeffectivelyappliedindifferentscenarios,suchasrunningan
operatingsystemmeantforotherhardware(e.g.console-basedgamesona
computer),runningsoftwarefitforanotheroperatingsystemorrunninglegacy
softwareaftercomparablehardwarehasbecomeobsolete.

Anemulatorcreatesavirtualmachine(VM)whichresembles(andisoften
confusedwith)theprocessofvirtualization.Thedifferencewithvirtualization
isthatvirtualizationaccesseshardwaredirectly,whileemulatedenvironments
needsasoftwarebridgetointeractwiththehardware.Virtualizers(suchas
VirtualBox,VMWareorvirtualmachinesofferedbyAmazon1,Azure2 and 
Google3),areonlyabletorunoncontemporaryhardware(i.e.Intel-basedx86
virtual machines4),whereasemulatorsmaybeusedforalmostanytechnical
platform,includingobsoleteones(Rechert,2016).

Aconsequenceoftheuseofthesoftwarebridgeisthatitrequiresalotof
processingpowerofthehostenvironment(More,2014),whilevirtualization
utilizestheunderlyinghardwaredirectly,thusoffering(almost)nativeexecution
speed.

Virtualizationcanbeusefulasameanstosupportmultipleenvironments,each
configuredforaspecificsoftware/operatingsystemstack.Allthesesocalled
runtimeenvironmentscanbehostedbymultiplevirtualmachinesonaserveras 
longastheseconformtothesamearchitectureastheunderlyinghardware.
Thissaid,virtualizationisafeasiblestrategy,butwilllastonlyaslongasthe
appropriatehardwaredoesn’tbecomeobsolete.

Acommonapproachtoemulationistocreateadiskimage,whichcanbeloaded
intheemulator.Thisdiskimagecontainsastackofsoftwarecomponents,
suitableforrunningsoftwarewhicheventuallycanopenfilesinasupportedfile 
format.Thecomponentstypicallyincludeaconfiguredoperatingsystem,with

1AmazonElasticComputeCloud,https://aws.amazon.com/ec2/
2MicrosoftAzureVirtualMachines,https://docs.microsoft.com/en-us/azure/virtual-machines/
3GoogleComputeEnginehttps://cloud.google.com/compute
4https://en.wikipedia.org/wiki/X86
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allthenecessarysystemsoftware(e.g.softwarelibraries)soitcanrunthe
appropriateapplication.Theapplicationcaneitherrunautonomously(e.g.a
game)orwillopentheoriginalfiles.Thesediskimagescanbepreparedfor 
each(setof)filesinaparticularfileformat,whichareseparatelyloadedontothe
user’srequest.Alternatively,adiskimagecanbemadethatalreadycontains 
boththesoftwareenvironmentandthefilesthemselves.Insomecasesthese
diskimagesmaybecreateddirectlyfromtheoriginalworkingenvironmenton
existinghardware(e.g.thearchitect’spersonalcomputer).

Theadvantageoftheuseofadiskimagewithacompleteenvironmentisthat
noconfigurationisneededwhenauserwantstoaccessthedigitalobject.To
achievethis,itmustbeensuredthatthesoftwareenvironments(indiskimages)
canrun‘anywhere,forever’(Rechert,2016).

Thesediskimagescanbemadeavailableandaccessedindifferentways:

 – loaded on a local machine in the emulator
 – storedonalocalmachineandloaded(viaawebbrowser)onanemulator

 thatrunsonaremoteserver(semiEaaS)
 – storedonaremoteserverandaccessedviaawebbrowser(i.e.fullEaaS

 solution).

Maintenanceoftheemulationenvironmentcanbeprovidedasaservicemodel,
whichallowsorganizationstoaccessemulatedenvironmentsandmakethem
availabletousers,e.g.viaawebbrowser.ByanalogywithSaaS(Softwareas 
aService),thisserviceiscalledEmulationasaServiceorEaaS.Forthearchival
institutionitreducesmuchofthelegalandtechnologicalcomplexities.As
resourcesareshared,EaaSmayalsooptimizecosts.Themainadvantage 
ofEaaSisthatitsimplifiesaccesstodigitalobjectsandprovidescustomized
environmentstousers.TheEaaSIprojectadvocatesahighlyautomated
environment,inwhichaprocessisstartedwhenafileisselectedtobeopened
foremulation.Inafirststepofthisprocess,theemulationservicereceivesthe
file,identifiesitandextractsmetadatasuchasthecreationandmodification
dates.Withthisinformation,theserviceselectsthemostappropriateemulation
environmentwiththeappropriateapplication.Theenvironmentthenopens 
thefileforthusertointeractwith.Thisapproachrequiresahighlydegreeof
documentationofbothsoftwareandfileformats,forwhichEaaSIcountson 
datafromPRONOMandhostedbyWikidata.
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4. EmulationandEaaSasapreservationstrategy

4.1. Researchprojects&initiatives

Nowadays,emulationismainstreamtechnology,butitsuseforsupporting 
legacysoftwareandlegacyoperatingsystemsandobsoletehardwareisstill
limited.Inrecentyearshowever,emulationhasgainedmoreattentionfromthe
preservationcommunityasaviablealternativeforfileformatmigrationasa
preservationstrategy(Rosenthal,2015).Migrationissaidtobeanobject-centric
approach,focusingontheintellectualcontentofthedocument(Allen,2018).It
canbequiteeasilyappliedtorelativelysimpleobjectssuchastextdocuments
andimages.Emulation,ontheotherhand,canbeconsideredasawayto
preservethedigitalobjectasanartifact,withinthecontextinwhichit 
wascreated.

Variousinitiativeshavebeenlaunchedinrecentdecadestoinvestigatethe
feasibilityofemulationforpreservation.Manyoftheseresearchprojectsledto
the development of test environments and tools.

TheaimofCAMiLEON(CreativeArchivingatMichiganandLeeds)wasto 
assessemulationasadigitalpreservationstrategy.Theprojectevaluatedpublicly
availableemulators,exploredemulatordevelopment,conductedtestcasesand 
undertookcost-benefitanalysisofemulationvs.otherdigitalpreservation
strategies(Granger,2000).

DuringthePLANETSprojectaprototypeGRATEwasdeveloped,whichwraps 
QEMUandDioscuriemulatorsintoasinglenetworkedapplication.Theprototype
wasfollowedbyGRATE-R,thePLANETSremoteemulatorservice(von
SuchodoletzandCochrane,2011).GRATE-Rhasanemulationworkflowengine,
whereauserclicksonafilehewantstoopenandGRATE-Rreturnsthe 
emulatedfilebackontheuserinterface(vonSuchodoletz,2010a).

TheKEEPprojectranfrom2009to2012andproducedanemulationframework.
Over30fileformatsweresupportedonmultipleplatforms(x86,C64,Amiga,BBC
Micro,Amstrad,ThomsonTO7)(Schmidte.a.,2010).TheUniversityofFreiburg
developedbwFLAtoprovideanEaaSsolution.5Thecommunicationbetweenthe
emulatorandtheusertakesplaceviastandardHTTP.Thusthereisnoneedfor
ausertoinstallsoftware,orbrowserplugins.TheEMiL(EmulationofMultimedia-
ObjectsinLibraries)project(2014–2016)extendedthebwFLAprojecttosimplify
usageformultimediaobjectsinlibrariesandmuseums.6Olive,developedat
CarnegieMellonUniversitycontainsaclientsoftware(VMNetX)thatcanexecute
virtualmachinesdirectlyfromanywebserver.7Theframeworkunderlyingthe
InternetArchive’ssoftwarelibraryemulatorsrunnotonsomeothercomputer
accessedviathenetwork,butontheuser’sowncomputerusingJavaScript.So
theIAframeworkdoesnotrequireanyspecialsoftwareontheuser’smachine.
Nor,unlikebwFLAorOlive’s“cloudlet”configuration,doesitrequirethearchive
topayforinfrastructuretoruntheemulations,merelytostorethemandserve

5http://eaas.uni-freiburg.de/
6https://github.com/emil-emulation
7https://olivearchive.org/
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themtouser’sbrowsers.TheInternetArchiveusesamongothersemulators
fromtheMAMEproject,andpresentsa.o.aCADsoftwareforanearlyApple
IIe.8TheInternetArchiveserviceallowsforrunninggamesandothersoftware
applications,whichgivesafairlygoodimpressionoftheoriginalsoftware
functionalitiesandlookandfeel,butinput/outputoffilesisnotsupported.
Finally,theEaaSI(Emulation-as-a-ServiceInfrastructure)programisfocusedon
thedevelopmentoftechnologyandservicestofurtherexpandthecapabilitiesof
theEaaSsoftware.9TheEaaSIprogramaimstoestablishacommunityofpartner
institutionsusingtheEaaSIsoftwareplatform.Itwillalsoimplementaresource
sharingfunctionality,whichenablesdistributionandretrievalofemulation
environmentsandsoftwareinstallationmediabetweenusers.Toimprovethe
descriptionanddiscoverycapabilities,theprojectwillcontributetodatainthe
Wikidatabodyofknowledge(viatheWikiDPportal).10Finallyitwillprototype
variousmodulesandservicesformanagementofend-useraccess,including
theOpenSourceSoftwareSandbox.Thissandboxoffersaccesstoseveral
emulatedenvironments(includingaFreeCADapplicationrunninginaUbuntu
10.10operatingsystem).Forcopyrightandenduserlicenseagreementissues,
thesandboxisrestrictedtoenvironmentswithopensourcesoftware.

4.2. Usecasesforemulationasapreservationstrategy

Emulationmaybeappliedatseveralphasesinadigitalcontentmanagement
workflowthatinvolvesobsoletesoftwareandfileformats(Cochrane,2014):

 – Appraisalandselection:anemulationenvironmentmaybeusedatthe 
 verybeginningofaworkflowforprocessingaborndigitalarchive,i.e.at 
 thepre-ingestionphase.Afterthisphaseinwhichthefilesareexploredin
 theiroriginalform,amigrationstrategymaystillbeappliedtotheselected
 files.

 – Preservation:anemulationenvironmentmaybeanindispensablestep 
 inamigrationprocess,e.g.whenafileinanobsoleteformatcanonlybe 
 openedinsoftwarethatrunsonobsoleteoperatingsystemsandhardware
 platforms only.

 – Access:inafullemulationstrategy,usershaveaccesstotheoriginal 
 file,inanenvironmentthatiscloseaspossibleastheoriginalenvironment. 
 Again,thismaybeinparallelwithamigrationstrategy,wherefilesare 
 madeavailableinboththeoriginalandanormalizedformat.

Enduseraccessinanemulationenvironmentcanbemotivatedbytheneedto 
viewandassessafileinitsoriginalformatandinitsoriginalenvironment.
Reasonsforthisare,forexample,amoregenuineuserexperience(e.g.for
researchersorinanexhibitionsetup)ortheneedtoprovetheauthenticityof 
afile(DeVos,2020).

Inmanycaseshowever,emulationmayevenbetheonlyadequateapproachfor
accessingdigitalfiles,eitherbecausethereisnosuitablesoftwareavailablethat
runsoncontemporaryoperatingsystemsandhardware.Thisisespeciallytrue

8https://archive.org/details/090_CAD_Draw
9https://www.softwarepreservationnetwork.org/eaasi/
10https://wikidp.org/about
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forcomplexfilesthatdependhighlyonthesoftwaretheywerecreatedwith,and
thereforecannotbemigratedtoanotherformatwithoutlossofsignificantproperties
(information,interactionoruserexperience).Forpreservationofapplicationssuch
asgamesorartworks,emulationoftenistheonlystrategythatpreservesbehaviour
andinteractioninasufficientway.Itisnotacoincidencethatmostoftheemulation
applicationshavebeendevelopedforlegacycomputergames.

4.3. Opportunitiesandissues

Preservationisaboutkeepingaccesstothecontentsofafileforanextended
time.Emulationmaybeapromisingstrategy,butitalsohasanumberof
problemsanddrawbacks.Inthissection,welistsomeofthemorerelevantissues
withemulationthatshouldbeconsideredanddealtwithwhenapplyingemulation
as a preservation strategy.

4.3.1. Legalissues

Emulationisimpactedbylegalconstraintsintwoways,namelycopyrightand
licenseagreements.Leavingasideasmallproportionofopensourcesoftware,
mostsoftwareusedinarchitecturalpracticethatisnowadaysfindingitswayto
archivesissubjecttosomeformofcopyright.11Althoughinsomecases,open
sourcealternativesmaybeavailable,theyoftendon’tsupportallfeaturesofa
fileformat12anddeviatefromtheoriginaluserexperienceandlook&feelofthe
application. 

Thecopyrightbarrierappliestoalllevelsandtypesofsoftwarethatisrequired
tosetupanemulationenvironment:fromoperatingsystems,tosoftwarelibraries
andapplications.Eventually,somepartsofanapplicationmaybecopyrighted 
byotherparties,suchassoftwarelibraries,audioandvideocodecsorevenfonts
(Rosenthal,2015).Copyrightissuesmaybeareasontoofferofflineaccess 
only(e.g.inareadingroom),butevenwhencarriedoutbymemoryorganisations
andauthorizedundernationallaws,reproductionofcomputerprogramsand
databases,isinconflictwithECLaw(Anderson,2011).Theapplicationof
copyrightrestrictionscanbeenforcedbylegalactions,butalsoatatechnical
level,e.g.byDigitalrightsmanagement(DRM).

Archivalinstitutionsmaynotbeabletoacquiresoftwarelicensesbecausethe
vendordoesn’tsupportordistributethesoftwareanymore.Licenseagreements
mayalsobeviolatedwhensoftwareismadeavailableinanemulatedorvirtual
environment,asisthecasewithAutoCAD.13 The current trend to replace 
perpetualsoftwarelicenseswithsubscriptionlicenseswillonlyaggravatethis
probleminthefuture.Someoftheapplicationsandothercopyrightedsoftware
maybeorphanworks(abandonware)e.g.whenthevendornolongerexists
orhasbeentakenoverbyanothercompany.InitiativessuchasUNESCO’s
PERSISTproject,14theSoftwarePreservationNetwork,15theSocietyofAmerican

11E.g.resultsofthe2016surveymentionedinLeventhal,2017
12E.g.LibreCADforDWGfiles,https://librecad.org/
13http://download.autodesk.com/us/FY19/Suites/LSA/en-US/lsa.html 
14https://unescopersist.org/
15https://www.softwarepreservationnetwork.org/



9

E
aa

S
 a

s 
a 

pr
es

er
va

tio
n 

st
ra

te
gy

 fo
r 

H
et

 N
ie

uw
e 

In
st

itu
ut

Archivists’DigitalDesignRecordsTaskForce16 have entered into relationships 
withsoftwarerightsownerstoovercometheselegalbarriers(Meyerson,2016).

Incontrasttoamigrationstrategy(wherefilesareusuallynormalizedtoan
openfileformat,withoutcopyrightlimitationsandwhichtypicallycanbeopened
inanopensourcesoftwareapplication),withemulationtheuncertaintyasto
whetherornotasoftwaremaybeusedlegallywillalwaysbepresent.Ontheplus
side,emulationdoesnotrequireanymodificationoftheoriginalfile.Therefore,
copyrightrestrictionsthatpreventthemodificationoftheoriginalfile(e.g.anon-
derivative license17)donotapply(Hoeren,2013).

Itisclearthatinstitutionswillnotprovideaccesstoemulateddigitalcollections
unlessthelegalbasisfordoingsoisclarified(Rosenthal,2015).Inascenarioin
whichEaaSisofferedbyathirdpartyprovider,onecanexpectthatthisproblem
willbetackledbytheserviceprovider,and/orthatthisproblemwillbesolvedin 
acollaborationoftheconsortiumofusers.Onthedownside,acommercial
servicemodelontheotherhandmaybeconsideredbytherightsholderasa
commercialuse,forwhichtheahigherfinancialcompensationwillbeclaimed.

4.3.2. Userexperienceandinteractionlevels

Fidelity to the original is an important reason for archival institutions to apply 
emulationasapreservationstrategy.AsRosenthal(2015)states,justasmigration
doesn’tprovideperfectmimicryoftheoriginaluser’sexperience,neitherdoes
emulation.Ontheonehand,emulationmaywellachievequasiidenticalbehaviour
ofasoftwareapplication(goingasfaraslowingdowntheexecutionasto
mimictheeffectoflesspowerfulCPU’s).Butchangesinhardware(e.g.different
keyboardsandmonitorsresolutions,playercontrolssuchasjoysticks)create
differentuserexperiences.Interactionwithanemulateddigitalobject(afileoran
application)mayalsobehinderedbythelackofappropriateconnectedhardware
connections(e.g.obsoleteSCSIinterfaces,differentkeyboardlayouts,joystick).

Finally–butmostimportantly–thequestionariseswhatkindofinteractionwith
theoriginalfileauserwillrequire:willitbesufficienttorepresentafilereadonly,
orshouldauserbeabletomakechangestoafileandeventuallyevensave
thesechanges?Ananswertothisisalsoananswertothequestionwhetheritis
sufficienttoemulatesoftwarereadersinsteadoffullyfunctionalsoftware.Ifitis
requiredthattheentireenvironmentissavedafterasessionfinishes,thisimplies
thatmultiplecopiesofthesamediskimagesmustbesaved.

4.3.3. Softwareavailability

Asalreadymentioned,arangeofsoftware(operatingsystems,softwarelibraries
andapplications)isneededtosetupanemulationenvironment,manyofwhich
canbefoundinsoftwarearchivesontheweb.18 These archives operate in the 
twilightzoneofwhatislegalandusuallyrelyonvoluntarywork,sothelong-term
availabilityofthesecollectionsisnotassured.AnEaaSinitiativecanplay
asignificantroleintheprovisionoflegacysoftware.

16https://www2.archivists.org/groups/design-records-section/digital-design-records-taskforce
17https://creativecommons.org/licenses/by-nc-nd/4.0/ 
18Examplesarehttps://winworldpc.com/andhttps://www.macintoshrepository.org/
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However,evenifsoftwareisdistributedbythevendorisavailable,anemulation
environmentmightneedspecificconfigurations,customizablepluginsor
scripts(e.g.DynamoVisualProgrammingforRevit).Someofthesesoftware
componentscanonlybeacquiredfromtheactualownerofthesoftware.In
anEaaSstrategy,organizationsshouldhavethepossibilitytohavethese
applicationsincludedintheSaaSenvironment,and/ortomanipulatetheoffthe
shelfsoftwaretocomplywiththeoriginalconfiguration.

4.3.4. Availabilityofemulationenvironments

Allcurrentemulationframeworksdependonthesamesetofopensource
emulators.Someofthemostcommonlyusedforpreservationinclude:

 – BasiliskIIisanopensourceemulatorofMacintoshcomputerswith 
 processorsoftheMotorola680x0family.19ToinstallBasiliskII,avalid 
 PPCMacintoshROMimageandagenericretailMacOSinstallCDor 
 adiskimage(.ISO)isrequired.20TheROMfilesarestrictlyspeakingstill 
 copyrightprotected,althoughAppleseemstohavestoppedtakingaction 
 againstdistributionofROMfiles.21

 – KEGSKent’sEmulatedGSisanAppleIIgsemulator.22

 – TheMinivMacemulatorcollectionallowstorunsoftwaremadeforearly 
 Macintoshcomputerssoldfrom1984to1996,alsowithMotorola’s680x0 
 processors.MinivMacispartoftheGryphelProject.23

 – PCE/MacplusisaclassicMacintoshemulator.24ItemulatesaMacintosh 
 128K,Macintosh512k,Macintosh512ke,MacintoshPlus,MacintoshSEor 
 aMacintoshClassic.

 – SheepshaveremulatesaPowerPCMacintoshcomputerandiscapableof 
 runninguptoMacOS9.0.4.AswithSheepShaver,BasiliskIIrequiresa 
 ROMandanMacOSinstallCD.25

 – QEMUisagenericandopensourcemachineemulatorandvirtualizer.26  
 QEMUisdevelopedasatooltosupportsoftwareandhardware 
 developmentandisusedrelativelylittleforpreservationpurposes.Thus, 
 althoughitisamainstreamopensourceprojectunderactivedevelopment, 
 itisdifficulttogetissuesofconcernforpreservationaddressedbythe 
 QEMUteam(Rosenthal,2015).

 – DOSBoxisanemulatorprogramthatemulatesanIBMPCcompatible 
 computerrunningaDOSoperatingsystem.27

 – MAME28:MAME(stoodforMultipleArcadeMachineEmulator)absorbedthe 
 sister-projectMESS(MultiEmulatorSuperSystem),soMAMEnow 
 documentsavarietyof(mostlyvintage)computers,videogameconsolesand 
 calculators,inadditiontothearcadevideogamesthatwereitsinitialfocus.

19https://en.wikipedia.org/wiki/Motorola_68000
20https://basilisk.cebix.net/
21https://www.emaculation.com/doku.php/ubuntu
22http://kegs.sourceforge.net/
23https://www.gryphel.com/c/minivmac/
24http://www.hampa.ch/pce/
25https://sheepshaver.cebix.net
26https://www.qemu.org/ 
27https://www.dosbox.com/
28https://www.mamedev.org/
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2015). E.g. for each file type present, metadata must indicate the software and 
software version required to open the file. Software must be documented with 
requirements regarding the operating system, dependent software libraries and 
hardware (see figure 1). 
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Otheremulatorsinclude86Box29andDioscuri(bothx86computerhardware
emulators),30VICE(aCommodoreEmulator),31UAE(Amigaemulator),32BeebEm
(BBCMicroandMaster128emulator),33JavaCPC(AmstradCPC-Emulator),34 
etc.NotanemulatorinthestrictsensebutworthmentioningisRosetta:itwas
introducedonMacOSX10.4forIntel-basedMacsandallowedtorunsoftware
forPPC-basedhardware.RosettawasdiscontinuedbyAppleafterOSX10.6.35 

AsthedevelopersofGRATE-RinthePLANETSprojecttestify,building,testing
andmaintainingemulatorsisonlythefirstbarriertotakewhendeployingan
emulationinfrastructure.Thetechnicalcomplexityofimplementinganemulator
requiresin-depthskillsininstallingandconfiguringtheemulator.Eventhen,
everysinglefiletobeemulatedrequiresacomplexprocedure(vonSuchodoletz,
2010a).

Mostemulatorsaremadeavailableunderanopensourcelicense,withmany 
of them relying on donations and volunteering to provide the necessary updates 
andsupport.Thismayraiseconcernsaboutthesustainabilityofemulation
software.Indeed,inafastchangingtechnicalenvironment,anemulatoritself
canbeexposedtotechnicalobsolescence(Rechert,2016).Similarly,mostofthe
effortswithinthedigitalpreservationcommunityregardingresearchonemulation
andthedevelopmentofemulationtools,areprojectbasedandlacklongterm
sustainability.

TheKEEPapproachedtheproblemofobsoleteemulatorswiththeconceptof
emulatormigration,withtheaimofdevelopingavirtualmachineasaplatform 
foremulators.Thisvirtualmachineisdesignedtobemigratablewithoutdifficulty
toanyconceivablehardwareplatformonthefuture(Anderson,2010).Disk 
imagesmustbekeptunderthesameconditionsasanyotherfileinthedigital
archive,includingtechnologywatch.Maintainingdiskimagesisactuallysimilar
toa‘classic’digitalobjectmigrationstrategy.Thepropertiestowatchfor
technicalobsolescencearethetechnicalinterfacesbetweensoftwareusedand
(external)hardwarecomponents(Rechert,2016).Ifanexternaldependency
becomesunavailable,thediskimage(andthesoftwareenvironmentitcontains)
ortheartefactitselfmustbeadaptedsotheycanperformagaininthechanged
technical environment. Better cooperation and sharing of resources through the 
creation of an ecosystem for emulation tools and services on a more structural 
basisisrequiredtoaddressthesethreatstothesustainabilityoftheemulation
strategy.AnEaaSsolutionfitsverywellinthismorecooperativeapproach.

4.3.5. Metadata

Inorderforanemulationworkprocesstorunsmoothly,itisimportantthatall
componentsareclearlydocumented.Theexactformat(includingtheversion)
ofeachfilemustbedocumentedextensivelyandindetail.(Recherte.a.,

29https://86box.github.io/
30http://dioscuri.sourceforge.net/Latestupdatewasin2011.
31https://vice-emu.sourceforge.io/
32https://amiga.technology/
33http://www.mkw.me.uk/beebem/
34http://www.cpcwiki.eu/index.php/JavaCPC
35https://www.apple.com/rosetta/index.html
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Inahighlyautomatedemulationenvironment,thesemetadatamustbeavailable
inastructuredandstandardizedformsothattherequiredcomponentsare
accuratelyselected.Ideally,thesemetadatashouldberecordedinastandard
formatsuchasPREMIS,butasyettherearenobroadlyadoptedstandards
fordescribingthetechnical,provenancial,andrelationalpropertiesofsoftware
(Meyerson,2019).MetadataprovidedbytoolssuchasSiegfried36orDROID37,
bothbasedonthePRONOM38database,arenotadequateyetfortheneeds
of emulation. The tools cannot identify or record the dependencies that specify 
theemulator,operatingsystemandapplicationneededtoemulateapreserved
artefact(Rosenthal,2015).Recently,effortshavebeenmadetopromotethe 
useofWikidataasacentralresourceforsoftwareandfileformatmetadata
(Thorntone.a.,2017).

4.3.6. Costconsiderations

Calculatingthecostofemulationandcomparingthiswithamigrationstrategy 
isacomplicatedtask,andmanydifferentfactorshavetobetakenintoaccount.39 
Emulationmightbethecheaperoption,becausethetaskofnormalizationto 
anopenfileformatisnotnecessaryonceareliableemulationenvironment 
isavailable.Ontheotherhand,thecomplexitiesofanemulationenvironment 
arefarhigherthantherelativestraightforwardmigrationapproach,andwill
thereforeprobablyrequiremoreresources.

Theintroductionofanemulationstrategyalongwithmigration,mayalsoinvolve
theimplementationoftwotechnologiesandworkprocessesthatcompetefor
availableresourcesinanorganization.

Aswithtechnologicalissues,cooperationbetweenorganizationscanbea 
meanstodivideeffortsandthusreducecostsrelatedtopersonnelandhardware.
Adoptionofstandards,whichisaclearprerequisiteincooperativemodels, 
islikelytomakeemulationmorefeasibleandcosteffective(Granger,2000).

4.3.7. Local,privateorpubliccloud

Whenimplementingemulation,institutionscandecidetoprovidethisservice
locally(e.g.inareadingroomoranexhibitionenvironment)orremote.Achoice
forlocalaccessmaybemotivatedbytechnicalconsiderations,e.g.whenan
emulationenvironmentisprovidedasanadhocsolutionforaspecificcollection
orfileformat.Ifamoreuser-friendlyserviceisdesiredand/ormultipleemulation
environmentsareoffered,thisisagoodreasontodevelopemulationinaprivate
orpubliccloudenvironment.Aprivatecloudhastheadvantagethattheinstitution
isinfullcontrol,whichmaybeappropriatewhendealingwithproprietarysoftware
orconfidentialfiles.Asmentionedbefore,apubliccloudsolutionhasthebenefit
thatinstitutionsdonotneedtomaintaintheirowninfrastructure.Whenemulation
servicesfordifferentoriginalenvironmentsaremadeavailableinaunifiedand
standardizedway,economiesofscalemightresultfromthis(vonSuchodoletz,
RechertandValizada,2013).However,sharingemulationinfrastructureviathe

36https://www.itforarchivists.com/siegfried
37https://github.com/digital-preservation/droid
38https://www.nationalarchives.gov.uk/PRONOM
39E.g.seeBøgvad,2014
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cloudmayarisenewdifficulties.Useraccessmustbestrictlyregulatedand
properlysecured.Functionalitiessuchasdataexchangefromremovablemedia
mustbeabstractedfromtheemulatorsandmadeavailableremotely.

4.4. Implementingemulationinapreservationenvironment

Tosummarizethepointslistedabovewecansaythatemulationcanbeaviable
approachinadigitalpreservationstrategy,especiallywhenitcomestocomplex
digitalobjectsorwhenauserexperienceclosetotheoriginalenvironmentis 
important.Emulationasapreservationstrategy,however,presentsnew
challenges,suchashighertechnicalcomplexityandlegalobstacles.Emulation
inapubliccloud(asaservice),whereresourcessuchasexpertise,infrastructure
andpersonnelareshared,canbepartofthesolution.Nevertheless,athorough
knowledgeofthesoftwareenvironmentisnecessaryforthearchivalinstitution
itself.

Inordertobuildasuccessfulpreservationstrategyandpracticebasedon
emulation(eitherasaserviceormaintainedlocally),anarchivalinstitutionwill
needtoarrangeanumberofmattersandwillhavetodevelopcertainprocedures.

4.4.1. Definetargetaudienceandusage

Animportantquestioniswhatlevelofinteractionwiththeemulatedenvironment
willbesupported:willauseronlybeabletoviewthedigitalobject,orwillhe/
shebeabletotransformtheobject?Iftransformationisallowed,willauserbe
abletosavetheresultanddownloadit?Orshouldauserbeabletosavethe
transformedobjectwithintheemulationenvironment?

Thequestionisrelatedtotheusageandtheaudiencethatisenvisagedwiththe
emulationservice.Thetargetaudiencecanvarybetweenstaff,researchersora
wideaudience.Forstaff,usagerequirementscouldbelimitedtomigratingfiles
toanopenfileformat(i.e.aspartofamigrationstrategy).Anexhibitionaudience
willwanttobeabletointeractwiththeobject,whileresearchersmaywantto
effectivelytransformthefiles.Theyevenmaywanttobeabletouploadafile
themselves,manipulateandtransformitanddownloaditagain.Thisrequiresthe
emulatortobeabletoconnecttoinput/outputdevicesoftheunderlyinghardware.
Thelevelofexpertiseoftheaudiencemayalsobeafactorthatdeterminesthe
desiredlevelofusability.Ideally,ausershouldhavetheabilitytofindafilein
anygiven(obsolete)format,clickonalinktothefileandhaveit‘automagically’
(Cochrane,2018)openitinanenvironmentthatisidenticalorresemblesthe
nativesoftwarestack.

Arelatedquestionistheextenttowhichthe‘look&feel’oftheoriginal
environmentmustbereflectedbytheemulationenvironment.E.g.ifitisdesirable
tosimulatedthescreenresolutionoreventhescreentechnology(CRTvs.LCD)
oftheoriginalhardware,thenmeasuresmustbetakentoadaptthehardware
accordingtothoserequirements.
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4.4.2. Documentthesoftwareenvironmentrequirementsofdigitalobjects.

Theappropriatesoftwareenvironmentforthedigitalobjectandapplication
needstobedetermined,inparticularitsrequiredoperatingsystem,othersystem
settingsanddependencies,technicalinterfacestothehardwarelayer(e.g.
driversforinput/output)andhardwarerequirements(e.g.memoryrequirements).
Thiscanbebasedonareferenceinstallation(i.e.softwarealreadyinstalled
andconfiguredonaexisting–probablylegacy–computersystem).Allthis
informationmustbestoredinastructuredmanner,andmanagedwiththesame
careastheotherpreservationmetadataofthedigitalobjectsinthearchive.
 
Documentationandmetadatacreationshouldalsobeappliedtothediskimages
thataregeneratedorcreated.Althoughmostdiskimageformatssupportthe
embeddingofmetadatatosomedegree,40itisadvisabletomaintainthedisk
image metadata in the same preservation system as the one used for the digital 
objectsinthearchive.
 

4.4.3. Acquiresoftwareandlicenses

Emulationenvironmentswillneedlegacysoftware,andalthoughaservicecan
providesomeofthemoremainstreamsoftwarepackages,itwillmostprobably
alsorelyonausercommunitytoacquireobsoletesoftwarepackagestobe
includedintheservice.Thesepackagescanbefoundinitsoriginalenvironment
(e.g.thearchitect’scomputer)orfromasoftwarearchivesuchaVetusWare,41  
theInternetArchive42,WinWorld43ortheMacintoshrepository.44Iftheapplications 
aretakenfromanexternalrepository,alicensemustoftenalsobeacquiredin
ordertousethesoftware(legally).

Thenecessarysoftwarelayersandcomponentswillmostoftenbeassembled
intoadiskimage,containingallnecessarycomponentstoreadandtransform 
thedigitaleobject.Thesediskimagescanalsobecreateddirectlyfromthe
originalhardware(e.g.anarchitect’scomputer).Ifthisisnotavailable,the
environmentmustbeconstructedthroughtheinstallationofnecessarysoftware
components.Rechert(2016)recommendstousebothapproaches.

Inthiscontext,itisimportanttolookbeyondthehorizonofdesktopapplications:
thetendencyofprofessionalapplicationstobeavailableonmobiledevices
(smartphones,tablets)mightproliferateinthearchitecturalprofessionmaybe
fasterthanweexpect.Whereaswecurrentlydealwithaspectrumofthree
operatingsystemfamilies(Windows,MacOSandLinux),thismightevolveto
aplenitudeofsystems,whichwillbeevenhardertomanageandmonitor.
Moreover,thetendencytoprovidesoftwareasaservicefordaytodaysoftware
applications(Office365,GoogleSuite,Adobecloud,…)willsoonerorlater
alsoimpacttheCADsoftwaremarket.Inaworldwherecloudbasedapplications
arethenorm,acquiringasoftwareapplicationbecomesalmostimpossible.

40E.g.theOpenVirtualizationFormat(OVF),http://www.dmtf.org/standards/ovf
41http://vetusware.com/
42https://archive.org/details/software
43https://winworldpc.com/
44https://www.macintoshrepository.org/
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4.4.4. Definealegalpolicy

Anarchiveinstitutionthatmakespartsofitscollectionavailabletousersmust
developanadequatelegalpolicy.Inthefirstplacethisconcernsthecopyrights
ofthearchivecreator.Agreementsaboutthisareusuallymadewhenthearchive
isacquired.Whendigitalobjectsaremadeavailableinanemulationenvironment
inthepubliccloud,anadjustmenttotheagreementwiththearchivecreatoris
likelytoberequired.Second,thearchivalinstitutionmustdeterminehowitwill
dealwithrisksrelatedtotheuseofsoftwarewhosecopyrightsarenotclear(eg
abandonware)orwhoselicenseagreementmaybeviolated.Thisoftencomes
downtomakingariskestimate.E.g.asmentionedbefore,Appleseemstohave
stoppedtakingactionagainstdistributionofROMfiles,whichareneededtorun 
apredecessorofmacOSinanemulatorsuchasSheepShaverorBasiliskII– 
butintheendthisremainsillegal.

4.4.5. Set-up,maintenanceandtechnologywatch

AnEaaSsolutionwillusuallybebuiltinlinewithanexistingpreservation
environment,whichmayrequireadditionalcomponentstoestablishthe
integrationbetweenthepreservationsolutionandtheemulationenvironment.
The level of integration is closely related to the level of automation. Cochrane 
(2017)distinguishesthreelevelsofautomationformatchingemulatablesoftware
environmentswithdigitalobjects:

 – Inanautomatedworkflow,theuserselectsanobjecttointeractwith. 
 Thefileformatsandcreationdatesofthedigitalobjectaredeterminedto 
 findtheenvironmentcontainingthemostcompatiblesoftware.

 – Withthesemi-automatedsolution,astaffmemberconfirmsthatthe 
 recommendedenvironmentisactuallyagoodmatchforthefilesstored 
 ontheobject.

 – Inthemanualscenarioastaffmembermanuallyselectsandconfigures 
 anenvironmentforeachobject.

Sincethepurposeofanemulationstrategyisthatthefileanditsenvironment 
ispreservedandmaintainedunaltered,digitalobjectsand(nativeorcompatible)
softwaretheoreticallyneednomaintenanceotherthanthebitlevelpreservation.
Ateveryotherlevel,thenecessaryprecautionsmustbetakentomonitor
threatsfromtechnologicalobsolescence.Inaservicemodel,thesetasks
maybeexecutedbytheserviceprovider–butthisdoesnotdischargethe
archiveinstitutionfromtheresponsibilitytomonitorthisserviceandtorespond
adequatelyifitdoesnotmeettherequirements.
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5. EaaSatHNI

5.1. Context

5.1.1. HNI’spreservationpolicy

ThepreservationpolicyofHNIisdefinedinaformaldocument.Thepreservation
policydefines[digital]preservationasthe“Recording,storing,managingand
makingavailabledigitaldocuments(inthebroadsenseoftheword)insucha
waythattheycanbeconsulted,canbeaccessedandremainauthenticover
time.”(Ras,2018).Inthispolicy,HNIfollowstheOAISmodel45 as a guideline for 
settinguptheinfrastructureandnecessaryprocesses.BesidesOAIS,thepolicy
documentmentionsanumberofstandards,a.o.theISO 13008:2102 Information 
and documentation – Digital records conversion and migration process and the 
NEN-ISO 23081 Standaard voor metadata.

Amongtheresponsibilitiesoftheorganization,theHNIpreservationpolicy
mentions:

 – Thesubmissionagreement,whichincludesagreementsaboutaccess 
 rightsandtheactionsHNIisallowedtoperformonthedigitalobjects. 
 Preferably,thearchivecreatoralsoprovidesadetaileddescriptionofthe 
 contextandstructureofthesuppliedarchive.Thisdescriptionmight 
 includeadescriptionofthesoftwareenvironment.

 – Arrangeintellectualpropertyrights,bywhichthearchivecreatorgives 
 permissiontotheHNItocarryoutactionstokeepandpreservethedigital 
 informationobjectsinasustainablemanner.Thepolicydoesn’tyetmention 
 rightssettlementbetweenrightownersotherthanthearchivecreator.

 – Togetherwiththearchivecreator,HNIdeterminesthedesignated 
 community(i.e.theintendedandfutureusers)ofthedigitalinformation 
 objects.Inpracticebothresearchersaswellasabroaderaudiencehave 
 access to the archive.

 – HNIensuresthatusersareabletounderstandandusetheinformationthat 
 ismadeavailable.

ThepreservationfunctionalityofHNIisbasedonbitpreservation.Thismeans
thatacquireddigitalarchiveswillatleastbepreservedatbitlevel.Inaddition,
carefullyselectedpartsofthesearchiveswillbemanagedatahigherlevel.
Thisfunctionalpreservationrequiresmorethanjustbitstreampreservation.
Apreservationplandefinestheprinciplesbehindthis,andtheeventual
interventionswhenthestateofinformationobjectsisthreatened. 
 
Atpre-ingest,ariskassessmentofanyformatpresentinthecollectionwillbe
madetodeterminehowsustainabletheformatis.Basedonthis,normalization
ofcertainformatstoamoresustainableformatmayfollow.Bothformats–
includingthemetadata–arepreserved.Theaccessfunctionalitysupportsthe
authorizationandprovisionofaDIPviaalinktothecollectionmanagement
systemandtheaccessworkflow.Dependingonthedesignatedcommunityor
user,theinformationcanbemadeavailableinvariousways,forexamplevia

45ISO14721Spacedataandinformationtransfersystems–Openarchivalinformationsystem(OAIS)
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aviewerorasadownload.HNIenvisagesthedraftingofafileformatpolicy
documentasacompletionofthepreservationpolicy(Ras,2018).

ThebasicprinciplesofHNI’spreservationpolicyseemprimarilytofocusona
migrationstrategy,butdonotruleoutadifferentapproach.HNIalsoparticipates
inasoftwarepreservationresearchproject(Neggers,2020),whichisconsistent
withtherequiredactionsoutlinedabovewhenamigrationstrategyistobe
followed.

5.1.2. HNIpreservationinfrastructure

HNI’spreservationinfrastructureisbuiltaroundtheArchivematicasoftware.
NormalizationisArchivematica’sprimaryformatpreservationstrategy.In
accordancetothisstrategy,preservationcopiesareaddedtotheAIPandthe
accesscopiesareusedtogenerateaDIPforuploadtotheaccesssystem. 
Notethattheoriginalfilesarealwayskept,toallowfordifferentpreservation
actionsinthefuture,suchasemulation.46 TheimplementationofArchivematica
doesn’truleouttheapplicationofanemulationstrategy,butneitherdoesit
provideenoughfunctionalitytosupportemulation.Asaminimalrequirement,the
HNIpreservationenvironmentshouldbeabletoprovidetheoriginalfileaspart 
oftheDIPinordertomakethisfilemanuallyavailableforemulation.

5.1.3. HNIborndigitalcollectionprofile

HNImanagesapproximately700archivesandcollectionsofDutcharchitects,
urbanplanners,professionalassociationsandstudyprogramswithatotalof
4,000,000documents.Thearchiveofso-called‘borndigital’materialisgrowing
rapidlyandnowhas60,000files.47HNIinvestigatedtheproblemsrelatedto
thepreservationofborndigitaldocumentsonthebasisofthearchiveofthe
architecturalfirmMVRDV.Thisarchivecontains400projectsfromtheperiod
1993–2015,whichtogethercontain5TBofdatainmanytypesofformats:inthe
designprocess,varioussoftwareprogramsareusedandexperimentedwith. 
TheMVRDVarchivecontainsanumberoffilesinformatssuchasDWG,48DXF,49 

QuarkXPress,50MiniCad51and3DStudio,52whichareareeligibleforemulation. 
Asecondarchivethatisusedasatestcasesisthearchiveoflandscapearchitect
MichaelvanGessel,containingborndigitalfilessuchase-mailsandDWGfiles.

5.2. Implementationinpreservationpolicy,workflowsandinfrastructure

Fileformatpoliciesspecify(1)whichfileformatsareacceptedinarepository,
and(2)whatmeasuresaretakenforeachfileformattoensurepreservation
andaccessibilityofthefilesinthisformat.Inmanycases,thepolicydefinesan
archivalformattowhichthefileswillbenormalized(e.g.aMSWorddocument

46https://www.archivematica.org/en/docs/archivematica-1.11/user-manual/preservation/preservation-planning/
47https://collectie.hetnieuweinstituut.nl/
48https://www.nationalarchives.gov.uk/pronom/fmt/531
49https://www.nationalarchives.gov.uk/pronom/fmt/63
50https://www.nationalarchives.gov.uk/pronom/x-fmt/182
51https://www.nationalarchives.gov.uk/pronom/x-fmt/1136
52https://www.nationalarchives.gov.uk/pronom/x-fmt/19
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willbemigratedtoaPDF/Afile).Thedecisionastowhetheremulationisthe
preferredstrategyforagivenfile(format)dependsonanassessmentthat
involvesmultipleparameters,asmentionedintheissuesandimplementation
tasksabove:

 – Definitionofusersandusagerequirements(e.g.exhibitionsetting, 
 migrationsupport,userinteractionandtransformation).

 – Availabilityofsoftwarecomponentsinthedesiredemulationenvironment 
 (applications,softwarelibraries,operatingsystemsandemulators)and 
 softwarelicenses).

 – Suitabilityoftheemulatorandothercomponents(e.g.supportofnecessary 
 hardwarecomponentssuchasUSBdrive,keyboard,monitor,soundcardetc).

 – Legaladmissibilityofeverycomponentintheemulationenvironmentwith 
 regard to its intended use.

 – Availabilityofalternativesolutions(e.g.softwarealternativesthatrunon 
 contemporaryoperatingsystems,virtualizationenvironments)andtheir 
 costs.

 – Riskanalysiswithregardtothesustainabilityofthecomponentsinthe 
 emulation environment.

Whenanemulationstrategyisadopted(eitherasareplacementor
complementarytoamigrationstrategy),thefileformatpolicyshouldbeupdated
withrelevantinformationansweringtheseissues.Regardlessofspecificformats,
aninstitutionmayalsodecidetoarchivetheentireworkingenvironmentofan
archivecreator(e.g.anarchitect’spc)asadiskimage.Apracticalimplementation
willalsoaffectsomeworkflowsandthesoftwarearchitectureofthedigital
archive:

 – StipulationinthesubmissionagreementoftheadmissionofHNIto 
 emulatedigitalobjectsthroughthirdpartyservice.

 – Collectionandmachine-readablestorageofmetadatarelatedtoall 
 components in the emulation environment.

 – Connectionoftheemulationenvironmentwiththedigitalarchive 
 managementsystem(i.e.Archivematica).Inanoptimalscenario, 
 selectingafileordiskimageinArchivematicashouldtriggertheemulation 
 environment automatically.

Building,maintainingandusingemulationsoftwareandservicesrequires
expertiseonmultiplelevels,suchasbeingfamiliarwithnativesoftwareandthe
fileformats,thesoftwareenvironmentandtheemulator.Eveniftheemulation
applicationisprovidedasaservice,athoroughknowledgeoftheothertwolevels
isstillrequired.

5.3. Exampleimplementationscenarios

Asanillustration,weconsiderthreeformatspresentintheMVRDVandvan
Gesselarchiveswhicharepossiblyeligibleforemulation,namelyDWG,
QuarkXPressandMiniCAD.Astargetaudiencesanduserneedsarenotyet
specifiedinthepreservationpolicy,weassumethatfilesintheseformatsare
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accessibleforbothresearchersandabroaderaudience.Inthefollowingchapters
weinvestigatetherationaleforemulationofthesefileformats,thetechnical
feasibility,legalobstaclesandpossiblealternatives.

5.3.1. AutoCADDWG

DWGisthenativefileformatoftheproprietaryAutoCADsoftware,buthas
evolvedtoadefactostandardformatforCADinarchitectureandengineering
(Vanstappen,2020).Firstreleasedinthe1980’s,theformatandsoftwarehas
alonghistoryofincreasinglynewfunctionalities.AutoCADDWGisbackwards
compatible,meaningfilescreatedinanyreleasecanbeopenedandeditedin 
thesameoranylaterrelease.AstheDWGformatisbackwardscompatible,
thereisnoimmediateneedforemulationorvirtualizationtoopen,editorconvert
aDWGfile.However,itcanbeinterestingtoviewandmanipulateafileinthe
softwarethatoriginallycreatedandeditedit,togainabetterunderstandingof
thedesignprocess.AssecondreasonisthatDWGfilescanhaverelationships
withmultipledependentfilesofdifferenttypes,whichrepresentpartsofthe
digitalobject(other.dwgfiles,textures,plotfiles,etc.)DWGfilesaretherefore
difficulttoisolatefromtheiroriginalenvironment,andemulationofafullyarchived
environmentcanreducetheriskofmisrepresentationofthedigitalobject.

AutoCADrunsonanx86architecture.SubsequentversionsrunontheDOSor
anyoftheWindowsoperatingsystems,butsomehavebeenavailableforthe
Macintoshoperatingsystem7,runningonaMotorola68Kprocessor.Imagesof
theinstallationdisks,includingserialnumberscanbefoundontheweb.53System
requirementsarepoorlydocumented,butwefoundversionR11(1988)canrun
perfectlyonDOS6.22withaslittleas4MBRAM(Miller,1991).

Thex86DOSversionsofAutoCAD(DOSorWindows)canbeemulatedwith
DOSBoxorvirtualizedwithVirtualbox.Virtualboxcanalsobeusedtorecreate 
anenvironmentforlaterWindowsversions.FortheMacintoshversionof
AutoCAD,SheepShaverorBasiliskIIisamorecomplex,butfeasibleoption.

AutoCADisproprietarysoftware,soitismandatoryforaninstitutiontoown 
alicensetothesoftwareinordertouseit.ThecopyrightownerAutoDeskdoes
notseemtobebotheredbythefactthatoutdatedversionsofthesoftwareare
freelyavailableontheweb,butnoindicationswerefoundthatAutodeskformally
renouncesanyclaimoncopyrightedmaterialorwillacceptmakinglicensekeys
availabletothirdparties.Asmentionedearlier,AutoDesk’slicenseagreement
doesn’tallowthevirtualizationofit’ssoftwareinanetworkedenvironment–
whichisacomplicatingfactorwhenprovidingpublicorprivatecloudbased
accesstothesoftware.Althoughtheredonotseemtobemanytechnicalor
practicalbarrierstovirtualizingoremulatingAutoCAD,itislegallyhardlyfeasible
toprovidearisk-freeemulation/virtualizationofAutoCADinapublicorprivate
cloud environment.

Analternativecanbefoundintheuseoffree,opensourcealternatives,suchas
LibreCAD.54However,theseopensourcealternativesdonotsupportallAutoCAD
features and may therefore may give a distorted image of the original document. 

53E.g.https://winworldpc.com/product/autodesk-autocad/r11-macorhttp://vetusware.com/ 
54https://wiki.librecad.org/
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AnotheralternativeistheuserofwebenabledviewerssuchasDWGFastview
(relyingontheFlashtechnology),55ortheWebCADSDKfromcadsofttools.56

5.3.2. MiniCAD/VectorWorks

VectorWorksisaCADprogram,originallycalledMiniCAD.MiniCADwasreleased
fortheMacintoshoperatingsystemin1985,whilethefirstWindowsversion
didn’tappearuntil1996.ThespecificationoftheVectorWorks(.vwx)orMiniCAD
(.mxd)formathasnotbeenreleased,norisitavailableviareengineeringasis
thecasewithDWGfiles.TheMiniCADfileformatisnotbackwardcompatible.
Openingolderfiles(beforeMiniCAD6)evenrequiresatwo-stagemigration,with
twodifferentversionsofVectorWorks.Eachoftheseversionsrunondifferent
operatingsystemsandhardwarerequirements.EarlierversionsofMiniCADcan
onlyrunonearlierMacintoshoperatingsystems(uptosystem9)withMotorola
68KorPowerPCbasedhardware.

Thelackofbackwardscompatibilitycanbeagoodreasontosetupanemulation
environment,evenifit’sonlytoallowforamigrationstrategy.JustasDWG,
MiniCAD/VectorWorkshasevolvedsignificantlyovertheyears,soemulationcan
beawayforabetterunderstandingofthedesignprocess.

ThesoftwarerequiredtoopenandaccessearlierMiniCADfilescouldbe
obtainedfromolderhardwareorfromsoftwarearchivesontheweb.57Depending
ontheemulatedoperatingsystem,thiscanbeachievedwithMinivMac,Basilisk
IIorSheepShaver.

EmulatingtheMacintoshoperatingsystemencounterslegalhurdles.As
mentionedabove,bothanoriginaloperatingsystemandaROMfilearerequired
toobtainaworkingemulator.Inparticular,thelegalityofusingaROMfileisstill
unclear–evenwhenitwasobtainedfromexistinghardware.UnlikeDWG,thefile
formatsofMiniCAD/VectorWorkshavenotreachedthedefactodefaultstatus,
leavinglittleornoalternativesoftwareavailabletoreadthesefiles.

5.3.3. QuarkXpress

QuarkXPressisadesktoppublishingsoftwareforcreatingandeditingpage
layoutsthatcanberunonMacandWindowsoperatingsystems.Itwasfirst
releasedin1987.Versions1-2wereavailableonMacintoshonly.58Withthe
releaseofQuarkXPress3.0in1990,Quarkquicklyachievedadominantposition 
inthedesktoppublishingmarketandbecamethestandardfordesktoppublishing. 
Bytheendofthe1990’stheygatheredamarketshareofaround90%.59

TheQuarkXPressproprietaryfileformatisnotbackwardscompatible.E.g.
QuarkXPress9isthelastversionthatwillopenlegacydocumentsfrom
QuarkXPress3,4,5and6.Formigrationpurposes,itcanbenecessarytoset 
upanemulationenvironment.LikeAutoCADandMiniCAD,thissoftwarehas

55https://en.dwgfastview.com/
56https://cadsofttools.com/products/web-cad-sdk/;https://beta.sharecad.org/
57E.g.https://www.macintoshrepository.org/,wherewefoundacopyofMiniCAD
58https://en.wikipedia.org/wiki/QuarkXPress
59https://en.wikipedia.org/wiki/Quark_(company)
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evolvedgreatly,whichcanbeanargumentforrecreatingtheuserexperience 
of previous versions through emulation. 

Workingversionsoftheapplicationareavailablefromsoftwarearchivesonthe
web.60Sinceversion1992anapplicationrunningonx86hardwareisavailable,
sovirtualizationmaybeaviableoption.Anotheralternativeistogetholdofa
copyoftheQuarkXPressDocumentConverter.Thisisastandaloneapplication
whichconvertslegacydocuments(QuarkXPress3,4,5and6)tothenewformat
(QuarkXPress9.1)enablinguserstoopenthesedocumentsinQuarkXPress
10orlaterwithouthavingQuarkXPress9orolderinstalled.Theconverterwas
availableforfreefromQuarkXpress.61

Inlegalterms,thesameproblemsoccuraswiththefileformatsdiscussedabove:
boththerequiredoperatingsystemsandthesoftwareitselfareinprinciplestill
subjecttocopyright.

60E.g.https://winworldpc.com/product/quarkxpress/1x
61https://support.quark.com/en/support/solutions/articles/19000055856-how-can-i-open-legacy- 

documents-created-in-quarkxpress-version-7-or-below-in-quarkxpress-2016-
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6. Conclusionandrecommendations

FortheHNI’sborndigitalcollection,emulationisanoptiontoconsiderforseveral
reasons:takingintoaccountthecomplexityofCADfiles,amigrationstrategyis
notentirelyappropriatetomeetthewishesofHNI’stargetaudience.Emulation
ismorecapableofdisplayingdigitalobjectsintheiroriginalenvironmentand
realizinganauthenticexperience.Insomecases,thisstrategyiseventheonly
waytomaketheseobjectsaccessible.Assoftwareandsoftwareplatforms
evolve,morefileformatswillbecomeobsoleteandemulationmaysoonerorlater
betheonlypossiblestrategy.

Theknowledgeandtechnologytomakedigitalobjects(filesorfulldiskcopies)
accessibleinanemulationenvironmentisavailable,butoftenstillfragmented
anddevelopedintemporaryprojectsorbyorganizationswhosesustainabilitycan
bequestioned.AsRosenthal(2015)pointsout,thetwomostimportantbarriers
arethatthetoolsforcreatingpreservedsystemimagesareinadequate,and
thatthelegalbasisfordeliveringemulationsisunclear,andwhereitisclearitis
highlyrestrictive.Aservicemodelinwhichpubliccloudemulationenvironments
areofferedtomultipleorganizationscanrealizeeconomiesofscaleandthereby
achieveamoresustainableecosystem.

ItisthereforeanattractiveoptionforHNItobepartofa–yettoberealized– 
partnershipandcommunitythatdevelopsthisservicemodelandmakesit
availabletothearchivingcommunity.Inthatcasetoo,however,HNIwillhave
toresolveanumberofissuesforitself.Itwillhavetodecidewhetherandhow
emulationwillbeofferedtoendusers:willanemulationenvironmentbeoffered
foreachfileformat,orwillthechoicebemadetooffercompleteenvironments
intheformofadiskimagebasedontheoriginalhardware?Orisemulationonly
usedaspartofamigrationstrategy?Thesechoiceswillhavetobepartofthe
globalpreservationpolicyandelaboratedinthefileformatstrategy.

Onatechnicallevel,thiswillhavetobetranslatedintorequirementswithregard
tothedigitalrepositorymanagementsystem,inparticularthewayinwhichthis
islinkedtotheemulationenvironment,andthewayinwhichrequiredmetadata
tocontrolthisprocessareregistered.Itwillhavetobedecidedwhatlevelof
automationwillbesupported.

Theproceduresandworkprocessesmustalsobeadapted.Forexample,it
isimportanttodocumentthetechnicalenvironmentindetailwhenacquiring
archives.Thismomentcanbeanopportunitytoacquiresoftware,document
andarchive.Thissoftwarecanthenbehostedinanemulationenvironment,and
potentiallysharedwithothercollaborativepartners.

Finally,HNImustformulateapolicywithregardtothelegalfeasibilityand
possiblerisksofacquiring,usingandofferingsoftwarethatisstillcopyrighted.
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7. Glossary

AIP (Archival Information Package)
Aninformationpackagecontainingboththearchiveddigitalobjectandthe
metadatathatdescribesitsstructureandcontent.Itmayconsistofmultiplefiles
andmultiplerepresentationsoftheoriginaldigitalobject.

Born digital 
Referstomaterialsthatoriginateinadigitalform,incontrasttodigitazation,
throughwhichanalogmaterialsbecomedigital.

Digital object
Acomputerfileorcombinationoffilescontainingalogicalunitofinformation.

Bit level preservation
Averybasiclevelofpreservationofthedigitalobjectasitwassubmitted(literally
preservingthebitsformingadigitalobject).

DIP (Dissemination Information Package)
Aninformationpackage,derivedfromoneormoreAIPs,receivedbythe
consumerinresponsetoarequest.

Disk image
Acomputerfilecontainingthecontentsandstructureofadiskvolumeorofan
entiredatastoragedevice,suchasaharddiskdrive.

DRM (Digital rights management)
Technologiesforrestrictingtheuse,modification,anddistributionofcopyrighted
digitalworks(suchassoftwareandmultimediacontent).

Emulation
Atechniqueforimplementingavirtualmachineonahostcomputerwhose
instructionsetisdifferentfromthehostcomputer’s.

Emulator
Thehostcomputersoftwarethatexecutesthetranslationbetweenhostcomputer
and the emulated environment.

File format
Astandardizedwaythatinformationisencodedforstorageonadigitalstorage
medium.

File format policy
Anofficialstatementofpreferenceforspecificfileformatsoverothers,sometimes
expressedasarecommendation,othertimesasasetofrequirementsfor 
deposit into a digital repository. The policy can include preservation measures  
aninstitutionwilltakeforeachgivenformat.
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Functional preservation (aka content preservation or logical preservation)
Preservationactionsthatensurethecontinuedaccessibilityofofthecontent
ofdigitalobjectsovertime,whichmayincludethegenerationofnewtechnical
versionsoftheobjects.

Preserved system image
AsetofstoreddatathatisinputtoanemulatororaVMMandtherebyexecuted.
ThesetofdatawouldnormallyincludemetadatadescribingtheVM’s
configuration,thecontentsofitsstoragemedia,andoptionallythestateof
thevirtualmachine’smemory.Apreservedsystemimagemightbetheresult
ofimagingaphysicalcomputer’sdisksoranimagecreatedbyinstallingfrom
vendor’sinstallmediafortheoperatingsystemandapplicationsneeded, 
togetherwithpreservedfilesrequiringthatenvironment.

Public cloud
Computingservicesofferedbythird-partyprovidersovertheInternet,eitherfree
orsoldon-demand.Servicesmayincludestoragecapabilities,applicationsor
virtualmachines.Publiccloudallowsforscalabilityandresourcesharingthat
wouldnototherwisebepossibleforasingleorganizationtoachieve.

Runtime environment
Theconfigurationofhardwareandsystemsoftware.ItincludestheCPUtype,
operatingsystemandanyruntimeenginesorsystemsoftwarerequiredbya
particular category of applications.

Significant properties
Aspectsofadigitalrecordthatmustbepreservedovertimeinorderforitto
remainaccessibleandmeaningful.

Virtual machine (VM)
acomputerthathasnoseparatephysicalexistence,butispartofthebehavior
ofaphysicalcomputer,calledtheVM’shostcomputer.VMsmimictheinstruction
setandhardwareconfigurationofsomephysicalmachine,oranabstract
machinesuchastheJavaVirtualMachine.

Virtualization
AtechniqueforimplementingaVMonahostcomputer.Itdependsonthehost
computer’sinstructionsetbeingthesameas(strictlymostlyasupersetof)the
VM’sinstructionset,andhavingcertainspecifichardwarepropertiesthatenable
virtualization.AlmostallinstructionsexecutedbytheVMaredirectlyexecuted
bythehostcomputer’sCPU;onlyafewinstructionsareintercepted,usingthe
specificproperties,andperformedbyhostsoftware.Virtualizedsystemsrun
unmodifiedsoftwarebinaries.
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