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ExecutiveSummary
Thepasttwo decadeshaveseenamassive increasein therangeandvolumeof digital informationresources,andtheir
acquisitionby librariesandresearchrepositories.As yet in theUK thereis no formalmechanismfor thelong-term
preservationandcontinuedaccessibilityof this material.This is a growing concernfor theresearchcommunitybecause
thefutureof scholarshipwill rely onourability notonly to acquireandprovideaccessto awidevarietyof digital content
but alsoto preserve it into thefuturethroughchangingtechnologicalregimes.TheCedarsprojectwasestablishedby the
Consortiumof UniversityResearchLibrariesandwasfundedunderphasethreeof theJISCElectronicLibraries
Programme(eLib). Over thepastthreeyearsfrom April 1998– March2001Cedarshasconducteda focused
investigationinto theissuessurroundingdigital preservationandtheresponsibilitiesthatresearchlibrarieswould haveto
assumeto ensurecontinuedaccessibilityto digital materials.TheProjectwork hasincludeda practicalcomponentto
establishaprototypeor “demonstrator”digital archivedistributedacrosstheCedarspartnersites– theuniversitiesof
Oxford,CambridgeandLeeds.Ultimately thepurposeof this technicalwork wasto inform thedevelopmentof both
practicalandstrategic guidancefor theHE communityon how bestto preservedigital resources.

TheCedarsProjectdemonstratorarchivewasdevelopedbasedon theOpenArchival InformationSystems(OAIS)
referencemodelandmany of therecommendationsfoundin this reportareinformedby work with this emerging ISO
standard.TheOAIS modelpresentsausefulapproachfor theestablishmentof digital archives– particularlyin a
distributedenvironment– andalsodescribesa standardvocabulary. This reportprovidesanoverview of thebasic
functionsnecessaryfor a digital archiving serviceandthis is largelybasedon theOAIS referencemodelandtheCedars
Projectexperiencewith implementingit. (Chapter2.)

An overview of theCedarsdemonstratorarchive formsa mainpartof this document(Chapter3). Thereportexplains
how it wasenvisagedandimplemented– but importantlyalsoincludesdiscussionof themany organisationaland
strategic issuesthathavebeenraisedby attemptingto establisha distributeddigital archive. TheCedarsdemonstrator
archive includesawidevarietyof digital materialsandthespecifictechnicalapproachesto digital preservationemployed
by Cedarshavebeentestedon bothcurrentandolderdigital materialsalreadyunderthreat.Casestudiesof these
materialsareincludedwithin thereport.Basedon thepracticalwork of thedemonstratorarchiveandothertesting,the
Cedarsprojecthasbeenableto providesomebasicrecommendationson theuseof migrationandemulationasstrategies
for providing continuingaccessto digital materialsover time. (Chapter5.)

As is clearfrom work donein theCedarsProject,thechallengespresentedfor digital preservationarenot limited to
technicalconcernsandproblems.Eventhetechnicalissuescannotbefully understoodwithout somereferenceto
collectionmanagementpolicies,skills requirements,intellectualpropertyrightsor costs.Althoughthetechnicalissues
remainkey ones,many of theorganisationalandmanagementissuesareasimportantandoftenequally(if not more)
complex. Thepreservationof digital materialswill impacton many areasof anorganisation,includingfinances,staffing,
selectionof material,andintellectualpropertyrights.TheCedarsprojecthasexploredmany of theseissuesand
producedguidanceandrecommendations.(Chapter4 andChapter6.)

TheCedarsProjecthasprovidedtheacademiccommunitywith a critical opportunityto explorethelong-term
preservationof digital materialswithin thecontext of researchlibraries,who will bekey stakeholdersin takingthis
importantwork forward.TheProjecthascompletedits first threeyearsandhasmovedinto a fourthandfinal year. This
reportdocumentsthefirst threeyearsfrom April 1998to March2001.Thefinal yearof theprojectwill focuson taking
thelearningandoutcomesdescribedin this reportanddisseminatingthemto thewider HE communityandbeyond.The
final yearwill becompleteat theendMarch2002.
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Chapter One : Intr oduction and Project Overview

1.1 Intr oduction

1.1.1 Purposeof this Document

Thepurposeof thisdocumentis to provideageneralframework into which theCedarsprojectfindingsandresultscanbe
incorporated.To this endthereportwill provide:

� A broadstructurefor presentingtheprojectfindingsandresultsin anorganisedandcontextualisedmanner;

� A generalframework includingvocabularyandconceptsfor understandingdigital preservationandits
implicationsfor informationaccessinto thefuture;

� An exemplarof a digital archivebasedon theOpenArchival InformationSystem(OAIS) referencemodel
developedby theInternationalStandardsOrganisation(ISO).

It is expectedthattheframework of this reportwill allow theresultsof theprojectto bedisseminatedbothasa full report
aswell asusingaseriesof webpageswith links to therelevantdeliverables.Most projectdeliverablesandoutcomes
exist asentitiesin their own right – suchasguidelinesandrecommendations,reviewsandworkingpapers.However, asa
whole,theresultswill sit within this framework for delivery to JISC(throughthis andthefinal report)andto thewider
community(throughthis reportandvia theWeb).

1.1.2 Scopeand Applicability

TheCedarsProjecthasfocusedits work on thelong-termpreservationof digital materials.Throughoutthis report,the
focuswill remainon this long-termfunction. In this context long-termmeans,broadlyspeaking,longenoughto be
concernedwith changingtechnologies.Giventhepaceof changingtechnologyin somecasesthis maynot bevery long
at all but theCedarsProjecthaschosento focuson a timetablewhich accommodatestheshort-termaswell asdecades
andevencenturies.It is importantthatreadersunderstandthedistinctionbetweenlong-termpreservationand
“continuingaccess”,andhenceavoid blurring thesetwo differentfunctions.

Althoughcontinuingaccessis akey partof adigital archive,mechanismsfor providing this for archivedmaterialsare
likely to changethroughtime. As asafetynetdigital preservationalwaysinvolvesthelong-termpreservationof the
originalbyte-streamasit wasdepositedinto thearchive. Disseminatinga copy of thearchiveddigital objectandsome
mechanism(s)for providing accessto its contentareacritical componentof any digital archivebut do not, in themselves,
ensureeffective long-termpreservationof theobject.

Theguidanceandrecommendationsincludedin this reportmaybeapplicableto any informationorganisationconcerned
with long-termpreservationandcontinuingaccessto digital materials.They arespecificallydesignedfor academicor
researchorganisations,in particularlibrariesandarchives.Thereportdoesnot assumea certainlevel of technical
knowledgebut doesassumeageneralunderstandingof theapplicationof technologyto informationservicesandsome
generalawarenessof digital preservationissues.

In additiontheCedarsoutcomesmaybeof interestto publishersandinformationproducers/supplierswho create
informationthatmayneedlong-termpreservation.This is particularlyrelevantin thelight of ongoingwork in the
developmentof legislationfor thedepositof non-printmaterialsin nationallibrariesandotherdesignateddepositories.
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1.2 The CedarsProject Overview

1.2.1 Project Background

In early1998,theCedarsProjectbeganaspartof phase3 of theJISC1 ElectronicLibrariesProgramme(eLib). As part
of eLib Phase3 Cedarssatalongsideotherdigital library projectsall of which focusedon hybrid library developmentsor
on theimplementationof theZ39.50standard– Cedarswastheonly projectfundedunderthe“Digital Preservation”
strandof eLib Phase3.

Cedarsis ledby theConsortiumof UniversityResearchLibraries(CURL) andis managedasa partnershipbetween
threeCURL institutions– theuniversitiesof Cambridge,LeedsandOxford. Its mainbroadobjectivehasbeento explore
issuesrelatingto thelong-termpreservationandcontinuedaccessibilityof digital materialsfor researchlibraries.Cedars
focusedprimarily on digital resourcesthataretypically heldby researchlibrariesandusedsampledigital library content
aspartof a demonstratordigital archivedistributedacrossthethreepartnersites.Thesamplecontentwasintendedto
representtherangeof digital materialsthatmight befoundin this typeof academiclibrary. Theproductionof a
demonstratorarchiveon averypracticallevel wasintendedto inform thedevelopmentof bothpracticalandstrategic
guidanceof valueto CURL andits membership,thewider HE communityandbeyond.TheProjecthasnow completed
its first 3 yearsof JISCfundingandits outcomesandrecommendationswill bedescribedanddiscussedin this report.
Cedarshasnow beguna fourth andfinal yearof JISCfundingwhich will focusprimarily on thoroughdisseminationof
theproject’s results.

1.2.2 The Consortium of University Research Libraries and Digital Preservation

Digital preservationis a key issuefor CURL andall its members,who betweenthemholda significantproportionof the
nation’s researchcollections.CURL libraries,whosemembersincludethenationalandotherlegaldepositlibraries,have
long assumedcuratorialresponsibilityfor thelong-termpreservationof researchresourcesin traditionalpaperformats,
to assurecontinuedaccessto their intellectualcontentfor thebenefitof thewider academiccommunity. They havea
similar commitmentto thepreservationof digital resources.Oncea framework for legaldepositof electronic
publicationshasbeenestablished,it will belibrariessuchasthosein CURL whowill haveanobligationto dealwith
their long-termpreservation.CURL is committedto reachingunderstandingandbuilding expertisein theissuesinvolved
in long-termpreservationandcontinuedaccessibilityof digital content.Suchwork will beof benefitto thewhole
academiccommunityandremainscritical to thefutureof scholarship.

1.2.3 Project Methodology

TheCedarsProjectwasestablishedto explorestrategic issuesandalthoughit includedanimportantpractical
component,it wasprimarily a researchor exploratoryproject.Thebasicprojectmethodologywasasfollows:

� rapidprototypingof a ‘proof of concept’or demonstratordistributeddigital archiving system;� testingof thatsystemacrossa rangeof differentorganisationsto assessusabilityandscaleabilityissues;

� andfinally, synthesisof thefindingsfrom thiswork into guidanceandrecommendationsfor theHE community
abouthow bestto preservedigital scholarlymaterials.

Althoughtheoriginalprojectproposalsuggestedthatwork at eachpartnersitefocuson a specifictypeor classof digital
materials,it wasagreedearlyin theplanningstagesthataprogrammeof work shouldnotemphasisetheseparatepartner

1JointInformationSystemsCommitteeof theHigherEducationFundingCouncilsfor England,ScotlandandWalesandtheDepartmentfor Education
in NorthernIreland.
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sitesbut attemptto focuson theprojectasa whole– theplanningteamfelt thatasoriginally envisaged,theprojectcould
evolve into threeseparateprojectsratherthanonecohesiveprogrammeof work. TheCedarsdemonstratorarchivewas
thereforeorganisedasa singlecoherentdemonstratorarchivesystemdistributedacrossthepartnersites.Theproject
partnersagreedthatthis wouldprovidea useful“proof of concept”for a distributedarchiveor a federationof archives.
This notionwasmotivatedby a sharedvision acrossthepartnersthata strategy for digital preservationin theUK ona
nationallevel wouldneedto bebasedon adistributedmodelandwould necessarilyinvolvea numberof differentkey
stakeholdersincludingany numberof researchlibraries.Over thecourseof theproject’sfirst threeyearsthis assumption
hasbeenconfirmedby work donein theareanot only by Cedarsbut by otherorganisationsaswell.

Basedon theabovemethodology, theorganisationof theproject2 involvedtheinitial establishmentof threeworking
groups– eachconsistingof membersfrom thepartnersitesandfocusedon aparticularissuewhich wasto beaddressed
at bothstrategic andpracticallevels.Thesegroupswereestablishedfor a fixedtermandranfor thefirst yearof the
projectwhile planningwascompletedandstaff appointed.Thegroupswereasfollows:

Content Issues
TheContentIssuesWorking Groupfocusedon thepracticalitiesof obtainingrightsclearancefor materialsto usein the
demonstratorarchive. This involvedoverseeingthenegotiationsbetweenthecopyright holdersandtheproject.Cedars
statusasa shorttermpilot projectandthefactthattestingtheCedarsdemonstratorarchivedid not involvepublicaccess
to materialsmeantthatmostrightsholderswerehappy to providecontentto theproject.Theprojectreceiveda wide
rangeof digital materialsincludingonlinedatabases,digitisedmaterialselectronicjournalsandothermultimedia
materials.In additionto rightsclearance,theCIWG alsofocusedon strategic issuesassociatedwith how materialscould
bepreservedwithoutviolating intellectualpropertyrightsandincludeda numberof representativesfrom thepublishing
industry.

AccessIssues
TheAccessIssuesWorking Groupwasestablishedto focusona specifictechnicalissuesurroundingdigital preservation
– metadata.In conjunctionwith UKOLN, this working groupfocusedon a practicallevel on whatmetadatawould be
necessaryfor materialswithin thedemonstratorandwhatformalismsmightbeappropriatefor includingthemetadatain
thedemonstratorarchive. This led to thedevelopmentof anoutlinemetadataspecificationfor digital preservationwhich
hadimportantstrategic ramificationson aninternationallevel. It wasoneof thefirst (andmostcomprehensive)
documentsof its time.

Preservation Strategies
A third Cedarsworking groupwasestablishedandits mainfocuswason thetechnicalissuesrelatedto developinga
distributedarchive. ThePreservationStrategiesWorking Groupfocusedon boththedesignof adistributedarchitecture
for thedemonstratoraswell ason its implementation.

After thefirst yearof theproject,mostof theinitial planningwascompleteandtheprojectteamwasin placeledby the
ProjectManager. Theprojectteamwasthenresponsiblefor takingthemainprojectwork forward.For thefinal two
yearsof theproject,theprojectteamthentook therecommendationsandwork doneby theworkinggroupsandfocused
on meetingtheproject’smainobjectivesanddeliverables.

1.2.4 Project Objectives

In its first threeyears,theCedarsprojectaimedto investigateissuesrelatingto thelong-termpreservationandcontinued
accessibilityof digital informationresourcestypically includedin library collections.

It orderto achievethis aim theprojecthadthreemainobjectives:
2For a full description of the Project’s managementstructure please see the Cedars Project Plan (July 1999). Available at

http://www.leeds.ac.uk/cedars
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� promoteawarenessabouttheimportanceof digital preservation,bothamonguniversitylibrariesandtheir users,
andamongthedatacreatinganddatasupplyingcommunitiesuponwhich they depend;

� identify, documentanddisseminatestrategic frameworkswithin which individual librariescandevelopcollection
managementpolicieswhich areappropriateto their needsandwhich canguidethenecessarydecision-makingto
safeguardthelong-termviability of any digital resourceswhichareincludedin their collections;

� investigate,documentandpromotemethodsappropriateto thelong-termpreservationof differentclassesof digital
resourcestypically includedin library collections,andto developcostedandscaleablemodels.

Thereis anenormousrangeof digital resources(e.g.text, sound,pictures,moving images).In focusingon thefollowing
categories,theprojectaimedto identify issuesandmakerecommendationswhich couldbegeneralisedandextendedto
thefull rangeof digital materials:

� digitisedprimaryresources

� electronicjournals

� largeonlinedatabases

� electronicephemera

� digital resourcesin which theintellectualcontentis boundto structure,form andbehaviour (e.g.multi-mediaCD
ROMS)

1.2.5 Project Deliverables

To meettheabovebroadobjectives,theProjectspecifieda numberof key deliverablesincluding:

� a demonstratorprojectto testandpromotethetechnicalandorganisationalfeasibility of achosenstrategy for
digital preservation(basedon theOpenArchival InformationSystemsreferencemodel);

� guidelinesfor developingcollectionmanagementpolicies;

� guidelinesdevelopedby thedemonstratorprojecton how to preservedifferenttypesof digital resource;

� focusedinvestigationof themetadatanecessaryfor long-termpreservation3;

� clearlyarticulatedpreferencesaboutdataformatsetc.which aremostreadilyandcost-effectively preserved;

� publicationsof benefitto thewholehighereducationcommunity, availableon theWWW.

1.2.6 Project Outcomes

Cedarshasmetits originalobjectivesthroughthreekey areasof work. Theresultsfrom thesemainstrandsencompass
thedeliverableslistedaboveaswell asa numberof otherresultsthatwerenot formally anticipatedwhentheprojectwas
funded.

Thekey outcomesfor theprojectover thepastthreeyearsare:
3Initial work on preservation metadatawas led by the UK Office for Library and InformationNetworking (UKOLN) andproduceda survey of

relevantwork. Building onthiswork theprojectthenworkedcloselywith UKOLN onthedevelopmentof anoutlinespecificationfor digital preservation
metadata
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1.2.6.1 The CedarsDemonstrator Ar chive

Theprojecthasfocuseda greatdealof effort on technicaldevelopmentandon theestablishmentof aworking
demonstratorarchive. It wasthis practicalwork thatwasto bethebuilding block for theproject’sguidanceand
recommendations.Thedemonstratoris basedon animplementationof theOpenArchival InformationSystems(OAIS)
referencemodelandis distributedacrossall threepartnersites.Althoughtheoriginalprojectproposaldid not referto the
OAIS modelspecifically, soonaftertheprojectbeganit becameclearthatwork on OAIS wasrelevantto theproject’s
plansfor a demonstrator. Uptakeof OAIS acrossthelibrary andarchivescommunitieshasbeensignificantover thepast
threeyearsandit continuesto bea key standardin thisarea.TheCedarsProjectwasoneof thefirst to attemptto adopt
OAIS andmembersof theCedarsteamhaveusedthis experienceto feeddirectlybackinto OAIS referencemodelasit
hasdeveloped.OAIS is now undergoingtheISO processandits acceptanceasa standardis anticipatedlaterin 2001.

1.2.6.2 Metadata for Digital Preservation: the CedarsProject Outline Specification

As proposedin theoriginalprojectbid UKOLN4 hasplayedakey role in developingthe“PreservationMetadata:The
CedarsProjectOutlineSpecification”5 which hasprovedto beoneof thekey deliverablesof theCedarsproject.This
work hashadbotha practicalfocus(throughthecreationof a formalismusingXML for thedemonstratorproject)as
well asa highprofile internationalstatus.Thiswasoneof thefirst documentsof its kind andhasbeenwidely recognised
asanimportantfirst stepfor thedevelopmentof astandardfor preservationmetadata.As a resultof Cedarswork in this
area,theprojecthasbeeninvited to participatein aninternationalworking groupon PreservationMetadata(co-ordinated
by RLG andOCLC).

1.2.6.3 Guidelinesfor Collection Managers

Dialogue(mainly throughfocusgroups)with library andarchiverepresentativesprovedearlyon thatguidancewas
desperatelyneededif institutionswereto implementadigital preservationstrategy. TheCedarsprojecthasnow
produceda preliminarysetof basicguidelines– anotherof theproject’sdeliverables.This work alsoincludes
informationon costelementsaswell asguidanceon intellectualpropertyrightsissues.

1.2.7 Project Resources

1.2.7.1 Staffing

TheCedarsProjectwasoverseenby aProjectDirectorbut managedby a ProjectManagerwho wasfull time for thefirst
1.5yearsandthen.80FTEfor theremaining1.5years.TheProjectManagerwassupportedby threeFTEProject
Officers– onebasedat eachof theleadsites– andthesefour postscomprisedthecompleteprojectteam.TheProject
Managerwasbasedat Leeds.

TheCedarsProjectTeam,at its full complement,consistedof thefollowing people:

ProjectDirector(April 1998– present),ClareJenkins,now Directorof InformationServices,ImperialCollege
ProjectManager(April 1998–March2001),Kelly Russell,Universityof Leeds
CedarsProjectOfficer ((May 1999– present),Ellis Weinberger, Universityof Cambridge
CedarsProjectOfficer (April 1999– present),DerekSergeant,Universityof Leeds
CedarsProjectOfficer (November1998– November2000),Andy Stone,Universityof Oxford

4TheUK Office for Library andInformationNetworking,basedat theUniversityof Bath.Seehttp://www.ukoln.ac.uk
5TheCedarsProjectTeam.June2000.Seeappendix
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Overall directionof theProjectwasdeterminedby a broad-basedAdvisory Boardthatmetbi-annuallyanddirectedon a
moredetailedlevel by a project-wideManagementGroupthatmetquarterly. Membershipandtermsof referencefor
boththeCedarsAdvisory BoardandtheCedarsManagementGroupcanbefoundin theappendices.

1.2.7.2 Funding

TheCedarsProjectwasfundedundertheeLib Phase3 programmewhich placeda strongemphasison matchingJISC
fundingwith someinstitutionalfundingfrom projectpartners.Over3 yearsCedarswasgranted377K of JISCfunding.
This includedfundingfor staff, equipment,travel, evaluationanddissemination.As is thecasewith all JISCfunding,
this doesnot coverofficecostsor “overheads”whichareanexpectedcontribution from theprojectpartners.Theproject
budgetfor JISCfundswasdividedasfollows:

Total staff costs(over3 years):
ProjectManager £ 100,000
Otherprojectstaff (5 person/yearsfte atAR1/2) £ 143,000
Externalspecialistconsultancy, asrequired £ 15,000

Technicalrequirements

Hardware
3 well-configurednetworkedPCsfor Projectstaff £ 6,000
Othermiscellaneousequipment £ 5,000

Software
MiscellaneousstandardPCsoftware £ 1,000
Special-purposesoftwarefor testing £ 5,000

Other costs

Dissemination/conferencecosts £ 25,000
Contingency (towardconference) £ 15,000
Travel andsubsistence £ 22,000
Evaluation £ 40,000

Total JISC funding £ 377,000

TheCedarspartnersitesall committedasignificantproportionof institutionalsupportfor theproject.This wasto bein
theform of officecostsaswell astechnicalexpertisefrom local staff andstoragespaceon thelocalarchiving systems.
Institutionalcontribution to theprojectwasdividedacrossall threepartnersasfollows:

2 personyears(technicalexpertise) £ 56,000
Otherstaff contribution(e.g.focusgroups,advisoryboard,CURL contribution,etc.) £ 15,000
Accessto largefile storageoneachsite £ 60,000
Officecosts £ 90,000

Total institutional contribution £ 221,000

Total Project Resources £ 598,000
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1.2.7.3 Institutional Contrib utions

Althoughmany fundedprojectspromiseinstitutionalcontributions,it is well known thatthis doesnot alwaystranslate
into realresourcecontributionsover thecourseof theproject.During thecourseof thethreeprojectyears,theCedars
Projectkeptanestimateof thetimeandresourceseachpartnercontributedto theprojectin theform of staff timeand
officecosts(it wasmoredifficult to estimatevaluefor money in termsof accessto thelargescalefile storagebut it was
certainlyprovided).At theendof thefirst year, thethreeprojectpartnersandCURL hadcontributedapproximately30K
of local staff timeand,althoughlocal staff contributionswerereducedsomewhatastheprojectteamwasestablishedin
thesecondandthird years,thepartnershadstill exceededtheir promisedcontributionof localexpertise.By theendof
theproject’sfirst threeyearsthepartnershadexceededtheirproposedcontributionby anestimated15%.Theofficecosts
or overheadsfor thesalariedprojectstaff (2 at Leeds,1 at eachCambridgeandOxford)werealsoslightly morethanthe
90K estimatedin theoriginalprojectproposal.

1.3 Structur eof the Report

Eachchapterof this reportfocusesona differentaspectof theCedarsProjectwork. Thereportwill bebestunderstood
whenreadasasingledocumentbecauseeachchapterbuildson thepreviouschapters.

Chapter One is this introduction.

Chapter Two providesanoverview of a genericdigital archive. This hasbeenbasedon theOpenArchival Information
Systemsreferencemodel.Thischapterwill outlinethekey functionsof anarchiveasdefinedby theOAIS model
(makingclearwheretheCedarsprojecthasamendedor enhancedthemodelfor thepurposesof theproject)and
providesomediscussionof thekey issuesCedarshasaddressedin thedesignof a demonstratorarchive.

Chapter Thr ee will thenfocusin detailon theCedarsProjectimplementationof OAIS anddescribetheCedarsProject
DemonstratorDistributedArchive. As oneof theProject’s key deliverables,this “proof of concept”systemhas
beendevelopedandtestedover thecourseof thepast3 years.

Chapter Four providessomeanalysisof therelevantorganisationalandmanagementissuesasthey havebeen
consideredaspartof theCedarsProject.This chapterwill exploreandproviderecommendationson issuesto do
with collectionsmanagement,staffing, andcopyright.

Chapter Five is anoverview of thetechnicalspecificationsdevelopedaspartof Cedarsandwill focusprimarily on the
CedarsProjectOutlineSpecificationfor PreservationMetadata.Althoughthis wasnot originally envisageda key
deliverableof theproject,it hasbecomethecornerstoneof theProject’sdemonstratorarchiveandcontinuesto
influencethedevelopmentof metadatastandardsin thisarea.Chapter5 will alsocoverwork Cedars(andthe
CAMiLEON Project6) hasdoneonspecifictechnicalapproachessuchasmigrationandemulationfor providing
continuingaccessto archivedmaterials.

Chapter Six is devotedto a detaileddiscussionof costsandcostissuesfor digital preservation.

Eachchapterwill includea summaryandreferencesto furtherreading,aswell asspecificrecommendations.

6TheCAMiLEON Projectis a “sisterproject” to Cedars.It is fundedundertheJISC/NSFInternationalDigital LibrariesProgrammeandinvolvesa
partnershipof theUniversityof LeedsandtheUniversityof Michigan. CAMiLEON focuseson theinvestigationof usingemulationasa techniquefor
providing long-termaccessto digital materials.CAMiLEON standsfor Creative Archiving atMichiganandLeeds:EmulatingtheOld on theNew, and
is fundedfor threeyearsfrom November1999.
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Chapter Two : The Functionsof a Digital Ar chive

2.1 Intr oduction

As suggestedin thepreviouschapter, this chapterprovidesanoverview of thegenericfunctionsthatconstituteadigital
archive. A moredetailedpracticaldiscussionof thesefunctionswill begivenin Chapterthreewhichdescribesthe
CedarsProjectDemonstratorDistributedArchive.

Thefunctionsof a digital archivesharemany similaritieswith traditionalarchives.Thesefunctions,broadlyspeaking,
describehow materialsaresubmittedto thearchive,how they areorganisedandmanagedoncewithin thedepository,
andfinally how continuingaccessto thearchivedmaterialsis provided.TheCedarsProjecthasadopteda reference
modeldevelopedby theConsultativeCommitteefor SpaceDataSystemscalledtheOpenArchival InformationSystems
model7 (hereaftercalledOAIS). TheOAIS modelhasbecomewidely acceptedby thelibrary andarchivescommunities
bothwithin thespacedatacommunityandoutsideof it. TheOAIS modelcanbeappliedbothto traditionalor digital
archives.Cedarsonly appliesit in a digital context. TheOAIS modeldescribesanarchiveas“consistingof an
organisationof peopleandsystems,thathasacceptedtheresponsibilityto preserveinformationandmake it available...”8

SpecificallytheOAIS modelhasprovidedtheCedarsprojectwith awelcomesetof well articulatedconceptsanda
comprehensivevocabulary. Thesehaveallowedtheprojectto communicateacrossthepartnersites(andacrossdisparate
technicalbackgrounds)anddiscusstheimplementationof ademonstratorarchive.
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Figure2.1: Overview of functionalentitiesin theOAIS referencemodel

Figure2.19 representsthefunctionsdescribedin theOAIS referencemodel.Themainfunctionalentitieswithin the
OAIS archiveareIngest, Ar chival Storage, Data Management, Ar chiveAdministration , andAccess. Figure2.2
expandson figure2.1,basedon theCedarsview of its demonstratorarchiveimplementation.

The Inf ormation Packageformsthebasicunit of currency of anOAIS digital archive. This includesbothadigital
7Consultative Committeeon SpaceData Systems.ReferenceModel for an OpenArchival InformationSystem(OAIS). CCSDS650.0-R-1RED

BOOK. May 1999
8Ibid.
9Ibid. OAIS figure4-1,OAIS FunctionalEntities
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Figure2.2: Overview of functionalentitiesin theOAIS referencemodel

objectandthenecessaryassociatedmetadata.Therearedifferenttypesof InformationPackages:asobjectsaresubmitted
to thearchive they arriveasSubmissionInf ormation Packages(SIP),containingtheprimarydigital objectandany
otherinformation(if available)suppliedby thecontentprovider; theIngest functionencapsulatesthis informationand
othermetadataasanAr chival Inf ormation Package(AIP); whenacopy of theobjectis providedby theAccess
function,aDisseminationInf ormation Package(DIP) is created– thisDIP maycontainsupportsystemsto usethe
objectaswell asthedigital object.It is the AIP which is the cornerstoneof the digital archive,asthis is the storage
unit for long-term preservation. Thesefunctionsarereviewedbelow, anddiscussedin furtherdetail in chapterthree.

2.2 Submissionand Pre-Ingest

Beforeanarchivecanacceptresponsibilityasa trustedarchiveservice,therearea numberof managementtoolsthat
mustbein place.Thearchiveshouldbecoveredby anagreedandwell documentedcollectionspolicy document.
Chapterfour coverspolicy issuesin somedetail.Digital materials,in thesenseof collectionsandcollections
development,arenot alwaysdifferentthantheir non-digitalcounterparts– many of thesamecriteriawill applyto both
typesof materials.However, for digital materialsthefollowing elementswill bethemostcritical:

� Collectionsdevelopmentstrategies(includingevaluationcriteriafor assessingpotentialsubmissions)

� Technicalstrategiesfor providing continuingaccess

� Collectionsdevelopmentprocedures(includingreview procedurespertainingto retentionandde-accessioningof
materials)

Whereappropriatethearchivewill needto ensureavailability of copyright andintellectualpropertyrightsinformation
includinglicences,schedulesfor deposit(whereregularupdateswill beforthcoming),appropriatedocumentation,and
mayevenincludedetailsof specificpreferredformatsandmedia.(For furtherinformationoncopyright andintellectual
propertyrightsseechapterfour.)

As partof thePre-ingestactivities thearchivewill alsoneedto:
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� Checkagainstany existingdepositschedulesto ensureeverythingexpectedhasbeenreceived

� Assignuniqueidentifier(s)10 to thedigital object11

� Viruscheckandvalidatetheintegrity of thedigital object

� Assessin detailtheSignificant Propertiesof thedigital objectthatthearchive(and/orcontentprovider)would
like to preserve

� Validate,improve,andcreatethedocumentation

� Whereappropriate,reformatthedigital objectaccordingto existing archivepolicies

� Ensureall necessarymetadatafor preservationandcontinuingaccessaccompaniestheobject(or hasbeen
identified)

Recommendation2.1: An organisationassumingpreservation responsibility for digital materials shouldhavea
well documentedpolicy covering all Pre-ingestand Ingestcriteria.

2.2.1 Assessingan Object’sSignificant Properties

Thearchivewill needto makedecisionsaboutwhatlevel of preservationis appropriatefor eachdigital object(or each
classof objects).This involvesassessingwhich propertiesof a particulardigital objectareregardedassignificant.These
decisionsinfluencethelevelsandmethodsof accessthatwill bepossiblefor theobject,andthelevel of preservation
metadatarequiredfor long-termretention.For traditionalmaterialsaccessandpreservationweremainly thesamething
andsoweregenerallyhandledby thesameorganisation.If anarchivewascustodianto asetof papersthey would
continueto bereadableandthereforecontinueto beuseable.However for digital materialssimply maintaininga
bytestreamdoesnot ensurethedigital materialwill bepreservedin a mannerthatcontinuesto beuseable.For digital
materialsAccessin thetechnicalsensecanbeat avarietyof levels,thelevel at which it is maintainedwill dependon
valuejudgementsmadeby thearchivist and/orcollectionmanager. In Cedars,thelevel of contentandfunctionality
retainedarereferredto asthedigital object’sSignificant Properties. DeterminingtheSignificantPropertieswill also
dictatetheamountof Metadata (includingRepresentationInf ormation) thatmustbestoredalongsidethePrimary
Digital Object, astheseensurethattheobjectis accessibleto theagreedlevel. TheSignificantPropertiestherefore
determinetheunderlyingtechnicalcomponentsthatneedto bedocumentedandsupportedto ensurepreservationof
thoseSignificantProperties.TheCedarsprojectrefersto thisastheUnderlying Abstract Form12 (UAF) of theobject.

A digital object’sSignificantPropertiesarenot empirical;archiveswill make judgementsat levelsappropriateto fulfil
their preservationresponsibilitiesandmeettheneedsof thearchive’susercommunities.Decisionsaboutanobject’s
SignificantPropertiesshouldbereflectedin thearchive’scollectionmanagementpolicies.For example,materials
deemedto bepartof thecollection’scoremight retainall of theoriginal functionalitywhereothermaterialsdeemedas
peripheralwill not includethefull complementof theseasSignificantProperties.For Cedars,thecreationand
maintenanceof thedetailedmetadataassociatedwith theobject’sSignificantPropertiesis thebackboneof anarchive’s
preservationfunction.13

Significant Properties: A simpleexample An archive takesdepositof a PDFelectronicjournal.Thejudgementis
madethatthetext within this journalis theonly SignificantProperty. Thereis noneedto storeinformationabout

10The assignmentof uniqueidentifiersis part of both Pre-ingestandformal Ingest. Cedarsassignsa uniqueidentifierassoonasnegotiationsfor
submissionbegin, soall objectsaregiven identifiersat Pre-ingest.At Ingesttheobjectis assigneda uniqueidentiferaspartof theAIP, which mayor
maynot bethesameasthepreviousidentifier

11Wherephysicalobjectsarereceived,includingdocumentationanddigital media,thesemustbelabelledandarchiveduntil their retentionis proven
to beunnecessary

12SeeChapterthreefor furtherinformationonUAFs
13The Cedar’s metadataframework, Metadatafor Digital Preservation:TheCedars Outline Specification(Appendix5) is receiving international

recognition,andwill contributesignificantlyto thedevelopmentof standardsin this area
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thePDFenvironment,but only to includeinformationsufficient to retrieve(or render)theASCII text from the
journal. (This resultsin a lossof layoutandformatting,but thesearenot deemed“significant”.)

Significant Properties: A morecomplexexample An electronicjournalwhich is publishedvia thewebasHTML.
TheSignificantPropertiesaredeemedto includethehypertext links (maintainingthewebjournalsinternal
structure)aswell asthemultimediafunctions(suchassupportof soundandvideoclips). Preservationmust
capturethis (full) level of functionality. Althoughend-users(or ‘journal subscribers’)currentlyreadthejournalin
HTML, thesepagesareactuallycreatedon thefly from SGML. Thearchivechoosesto preserve theSGML files,
andsotheRepresentationInformationof theAIP includesrobusttechnicaldescriptionsof thedigital object
includinginformationaboutsoftwareto run thevideoaswell ashow to retrieve themarkedup text andimages.

Thedetaileddescriptionsandthetechnicalsystemsnecessaryfor renderingthePrimaryDigital Objectensuresthat
long-termpreservationsupportscontinuingaccess.As stressedearlier, providing continuingaccessshouldbekept
conceptuallyseparatefrom thepreservationfunction.Usersof thearchive’scontentswill not have to beawareof either
theworkingsof thepreservationfunctionor of theRepresentationNetwork thatsupportsAccessto thePrimaryDigital
Object’sSignificantProperties.RepresentationNetworksarediscussedin detail in Chapterthree.

Within anarchive,decisionstakenaboutanobject’sSignificantProperties,andhencetheUnderlyingAbstractForm,
underpinthelong-termpreservationfunction.Thecreationof RepresentationInformationto supporttheUAF is acritical
componentof thearchive. However, theskills requiredto do this for eachobjectduringtheIngestfunctionarenot likely
to becoveredin thehumanresourcesof mostresearchlibrariesandtraditionalarchives.By automating(to somedegree)
theassessmentof SignificantPropertiesandthecreationof RepresentationInformation,theefficiency of Ingestandthe
costsassociatedwith it will improve.14

Recommendation2.2: Further work shouldbe undertaken in the assessmentof Significant Propertiesand the
developmentof RepresentationNetworks.

2.3 Digital Preservation Metadata

In theOAIS model,theAIP is thecornerstoneof thearchive. Within theAIP theoriginalPrimaryDigital Objectis
stored(asabytestream)alongwith metadatanecessaryfor makingthatbytestreaminto a meaningful(anduseable)
digital resource.In thefuturewhatis known aboutpreserveddigital materialswill comefrom theinformationstored
with themwithin theAIP. ThePrimaryDigital Objectis meaninglesswithoutsomedescriptionof whatit is andhow it
works. In OAIS therearetwo maintypesof metadataRepresentationInf ormation andPreservation Description
Inf ormation (PDI). TheRepresentationInformationsupportsthetransformationof thePrimaryDigital Objectinto a
usable(rendered)digital object.ThePDI is all of theothersupportingmetadatathatis deemednecessaryfor purposesof
long-termpreservation.Chapterfiveprovidesmoredetailon theCedarsprojectwork with preservationmetadata.

2.4 Ingest into the Ar chive

Ingestis describedby theOAIS modelasthefunctionalentity thatcontainstheservicesandfunctionsto: accept
SubmissionInf ormation Packages(SIPs)from contentproviders;prepareAr chival Inf ormation Packagesfor
storage;andensuretheAIP is effectively establishedwithin thearchive. As Ingestis thepointof acquisitionit is at this
stagethateffective long-termpreservationbecomesmanifest.

14During testing,the Cedarsdemonstratorarchive hand-constructeda RepresentationNetwork for the objectsreceived (seeChapterthree). More
work is neededonautomatedanalysisof digital objectsin orderto move towardsa serviceenvironment
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2.4.1 IngestConcepts

Cedarshasdevelopedtheconceptsof theIngestfunction,andthentestedthesepractically. Chapterthreedescribes
Cedar’swork with TestSitesthatexaminedthetechnicalprocessesinvolvedin Ingest.Thesearethestepswhich were
takenat Ingestto bothstorea digital objectandto enabletheuseof its intellectualcontentin thefuture:

1. Theuniqueidentifierassignedat Pre-ingestis validated,andthenassignedto theIngestobjector, if necessary, a
new identifieris assigned.Theidentifierfor theobjectmustbeentirelyunique.

2. Basedon theSignificantPropertiesof theobject,a suitableUnderlyingAbstractForm is chosen.

3. Theobjectis convertedinto thebytestream(thePrimaryDigital Object).

4. UsetheSignificantPropertiesandUAF to determinewhich RepresentationInformation(andwhich
RepresentationNetworks)areneededin orderto enablethetransformationof thePrimaryDigital Objectbackinto
anobjectascholarcanview.

For example,the objectis a PDF file with layoutandembeddedmultimediagizmos
asSignificantPropertiesandso it is preservedasa PDFfile. TheUAF of theobject
shouldbea PDFfile.

TheRepresentationNetwork in this casewill needa Render-Analyse-Convert En-
ginewhichcanturnthestoredbytestreambackinto aPDFfile, andaRender-Analyse-
ConvertEnginewhichcanenablethePDFfile to beviewed.TheRepresentationNet-
work will alsoneedto know which platformsthe Render-Analyse-Convert Engines
need.

5. PDI metadataneedsto becreatedto providebasiccontextualisation,provenance,andcataloguedescriptionof the
PrimaryDigital Object.

Theactivities abovearenot strictly ordered,andin a functionalservicearchivemoreadministrationactivities would
needto beadded.

2.5 Ar chival Storageand Maintenance

OAIS describesthisas“the servicesandfunctionsfor thestorage,maintenanceandretrieval of Archival Information
Packages.”15 SuchfunctionsincludeaddingAIPs from Ingestinto permanentstorage,managingthestoragehierarchy,
refreshingthestoragemedia,andallowing AIPs to bedisseminatedfrom thearchive. After completingtheIngest
function,theAIP is built out of thePrimaryDigital Object,theRepresentationInformation,andthePreservation
DescriptionInformation.

2.5.1 Storage

To successfullyplaceanAIP in permanentstoragethereareseveralfactorsto consider. Theseshouldbelaid down in a
policy document,which is placedunderregularreview. Themajorconsiderationis whetherto haveanin-housearchival
store,or whetherto usea third partyarchival store.If thelatteris chosenadetailedservicelevel agreementneedsto be

15ReferenceModel for anOpenArchival InformationSystem(OAIS). CCSDS650.0-R-1RED BOOK
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drawn up,andsubsequentlythevendorneedsto bemonitoredto ensurethattheservicelevel is, indeed,beingdelivered.
Thecriterionwhich theAr chival Storehasto meetis: it will storea namedbytestreamin sucha way thatat any given
point in thefutureit canreturnanidenticalbytestream.Thesearetwo differentmodelsfrom theOAIS for anArchival
Store:

� A single,centralrepository
� A federationof repositories

Wherea federationis adopted,eachmembercaneitherusetheir own Archival Storeor bring in a third partyvendor.

Onceabytestreamhasbeenhandedto theArchival Storeit shouldbeverifiedandvalidated.Mechanismsalsoneedto be
in placeto judgetheauthenticityof theoriginaldigital object.Oncein theArchival Store,theAIP’s integrity shouldbe
regularly checked(see2.5.3below).

Recommendation2.3: An archive’spolicy for Ar chival Storageshouldprovide for integrity safeguards.

2.5.2 Ar chival Storageand Preservation Metadata

A decisionshouldbetakenabouthow muchmetadataneedsto bestoredin theAIP. Whenthemetadatais neededfor as
longasthePrimaryDigital Objectit shouldbeplacedinto theArchival Store.As such,someRepresentationInformation
alwaysneedsto bestoredin theAIP. SomePDI alsoneedsto beretainedfor thelifetime of theAIP, for without this the
AIP becomesanonymous– andsouserswould no longerbeableto discoverwhethertheAIP wasof useto themor not.

Onequestionarisesrelatingto storageof theAIP. When,andhow tightly do you bindmetadatato thePrimaryDigital
Object?Phrasedanotherway, shouldall componentsof theAIP bestoredin onelogicalplace?This is apolicy decision,
andCedarschoosesto storeall of theAIP packedasasinglebytestream(soall componentsarein thesameplace).
Storingthecomponentstogetherhastwo definiteadvantages:managementof theAIP only hasto dealwith onestorage
object;andif all of thearchive’s infrastructureis lost, thestorageobjectcanstill beunderstood(to somedegree)as
‘standalone’.

To aid the‘standalone’understandabilityCedarsalsochoosesto usehumanreadableformatsfor mostpartsof thePDI. It
is alsoprudentto recordtheAIP’suniqueidentifieraspartof thePDI.

Recommendation2.4: An AIP canoperateas‘standalone’ if human readableformats areusedfor somemetadata
fields.

Of course,theremaybemetadataelementsrelatedto anAIP (but not necessarilypartof thePDI or RI) whereit makes
senseto manageandstoretheseseparately. An exampleof onesuchmetadataelementis ‘accessstatistics’.Thesecould
bemanagedin a separatedatabase,andneverbestoredaspartof theAIP. Threefactorswhich mayalsoinfluencewhich
componentsarestoredin theArchiveare:

� costs,whereyoumayonly wantto storea minimal textual descriptionin theRepresentationNetwork ratherthan
storingcompletesoftwarepackages;

� intellectualpropertyrights,you maynot beableto storethird-partysoftwareor existing catalogueentries;
� value– a judgementasto whatis usefulto thefutureuser, andwhatis not.

Onestrategy to managing“dynamic” metadatasetsis to storea snapshotof this with theAIP in thelong-termAr chival
Storeandkeepa databasethatmaintainsthecurrentset.Periodicallya new AIP is placedinto theArchival Storewhich
snapshotsthecurrentset,andin this new AIP a recordof theprimaryAIP’suniqueidentifieris kept.
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2.5.3 Refreshand DisasterRecovery

Part of theArchival Storagepolicy shouldincludetheprovision for maintenanceof theArchival Store,andfor recovery
from majordisaster. Whichevermediumthearchiveusesto hold thebytestream,it will havea predicteddataretention
longevity. Well within thisboundarya rolling processof mediarefreshshouldtakeplace,andregulardataintegrity
checksshouldbeusedto confirmthatthebytestreamsareintact.To ensurethecapabilityof disasterrecoveryall
bytestreamsneedto bebackedup onmediaheldata geographicallyseparatelocation.In orderto protectholdingsfrom
corruption,it is bestto holdat leastthreecopiesof every resource.It is not essentialto usethesamemediumfor all the
copiesof a bytestream.

TheArchival Storemustalsoperformreplicationmigrationfrom ageingmedia16 to modernmedia.Thiswill be
informedby thelevel of DatathroughputandtheQuality Controlrequirementsof thearchive.

Recommendation2.5: The Ar chival Storagepolicy should include the provision for maintenanceof the Ar chival
Storeand for the recovery fr om major disaster.

2.6 Disseminationand Accessto Ar chivedMaterials

In theOAIS model,accessto archivedmaterialsis donethrougha DisseminationInf ormation Package(DIP) – thatis,
a copy of thePrimaryDigital Objectis disseminatedalongwith thenecessarymetadata(perhapsincludingsoftwareif
necessary)to ‘render’ it usable.TheDIP is differentfrom theAIP becausefirstly it mayonly containpartof thePrimary
Digital Object(or a partially processed/analysedderivative);andsecondly, only containsmetadatanecessaryfor
providing theappropriatelevel of access.Onceagain,this illustratestheclearseparationbetweenthePreservation
functionandproviding continuingaccessto thedigital materials.

Oneof theleastconstructivemantrasusedin relationto thepreservationof digital materialhasbeen“you cannothave
preservationwithout access.” While it is truethatthereis no preservationof digital materialwithout thepossibilityof
meaningfulretrieval, it is misleadingto imply thatAccessto digital materialis intrinsically linkedto its preservation.
Thereareimportantreasons(bothlegalandtechnical)why AccessandPreservationshouldbeconsideredseparately.
Publishersandotherrightsholdersareoftencautiousaboutthepreservationof theirmaterialsif they perceivethatthis is
linkedto providing unlimitedpublicaccess.In theinterestsof actuallypreservingourscholarlyheritagefor future
generationsit is helpful to understandanddiscusspreservationandcontinuingaccessin theappropriatecontext. The
distinctionbetweencontinuingaccessandlong-termdigital preservationneedsto bebetterunderstoodto ensureinterests
in theformerdonot jeopardisethelatter.

After a recentmeetingin theUK theauthorsof theOAIS ReferenceModel arenow planningto includea separate
logical component,calledthe“PreservationPlanning”function.Cedarswelcomesthisdevelopment,asit should
emphasiseplanningfor theallowanceof disseminationasseparatefrom theactualprovisionof dissemination.

2.6.1 DisseminationInf ormation Packages- Examples

An ImageFile of the Surfaceof Mars For this still image,theAIP will containa referenceto detailedtechnical
informationaboutthefile formatandthesystemsnecessaryto renderthepicturein particularenvironments(e.g.
theformatdefinitionof TIFF, andspecificationsabouthow to renderthis on aPCandon a Postscriptprinter).The
AIP alsocontainsmuchsensitivemetadatadescribingthespaceprogrammewhichacquiredthedigital image.The
userreceivesa DIP whichsimply containsacopy of theTIFF file, apublic domainviewer, andPDI indicatingthe
yearthepicturewastaken.

A DatabaseFile A morecomplex examplemight involvea databasewheretheRepresentationInformationprovidesan
16Ageingincorporatesasenseof technologyageing,asobsoletetechnologypresentsproblemsfor readingits media
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emulatorof theoriginaldatabaseenvironment.Theenduserneedsacopy of thePrimaryDigital Object,a copy of
theemulator, andinstructionson how to usethese.Thesewould thereforeform theDIP.

Disseminationof objectsfrom thearchive is coveredin moredepthin Chapterthree.

2.7 Ar chiveAdministration

This functionlieswithin thearchive,andadministerseverythingwhich is atoneremovefrom thedirectpathof anobject
throughthearchivefrom IngestthroughArchival Storage(plustherelateddatamanagement)to Dissemination(Access).
TheOAIS referencemodeldefinesthetasksof “Administration”asfollows.17 Administrationwill:

� Controlphysicalaccessto thearchive’splant

� Managesystemconfiguration(includingauditingsystemoperations,performance,andusage)

� Developstandardsandpolicies

� Negotiatesubmissionagreements

� Quality auditof ArchiveInformationPackagesonceingestis complete(theOAIS modelimpliesthis will oftenbe
contractedout)

� Interactwith “Management”

To this list theCedarsProjecthasagreedto addthefollowing activities:

� Review andmaintainRepresentationInformation(andRepresentationNetworks)

� Review datatypes(formats)storedin thearchive to ensurecontinuingaccessif needed

� NegotiateAccessagreementswith Serviceprovidersor others

� Liaisewith otherarchives

2.8 Data Management

DataManagementcoversall aspectsof anOAIS archive,andis essentialfor long-termpreservationanddayto day
administration.It representsgoodrecordkeepingof everystagedescribedin this chapter. DataManagementalso
includesthemanagementof theoverallholdingsof thearchive. Someof thecomponentsthattheOAIS model18 suggests
includingin DataManagementare:

� Pricinginformationandavailability constraints

� Trackingof userrequests

� Securityinformation

� Statisticalinformationto improvearchiveoperation
17ReferenceModel for anOpenArchival InformationSystem(OAIS). CCSDS650.0-R-1RED BOOK
18Ibid.
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� Customerprofiles

� Accountinginformation

Cedarswouldaugmentthelist to include:

� Recordsfrom Pre-ingestnegotiations

� Monitoring theallocationof UniqueIdentifiers(anddesigningallocationpolicies)

� Maintainingrecordsof holdingsfor usewith findingaids

2.9 Recommendations

1. An organisationassumingpreservationresponsibilityfor digital materialsshouldhavea well documentedpolicy
coveringall Pre-ingestandIngestcriteria.

2. Furtherwork shouldbeundertakenin theassessmentof SignificantPropertiesandthedevelopmentof
RepresentationNetworks.

3. An archive’spolicy for Archival Storageshouldprovidefor integrity safeguards.

4. An AIP canoperateas‘standalone’if humanreadableformatsareusedfor somemetadatafields.

5. TheArchival Storagepolicy shouldincludetheprovision for maintenanceof theArchival Storeandfor the
recovery from majordisaster.

2.10 Further Reading

1. A blueprintfor RepresentationInformationin theOAIS model,David Holdsworth,DerekM. Sergeant,
http://esdis-it.gsfc.nasa.gov/MSST/conf2000/PAPERS/D02PA.PDF

2. CCSDS650.0-R-1:ReferenceModel for anOpenArchival InformationSystem(OAIS). RedBook. Issue1. May
1999,http://ssdoo.gsfc.nasa.gov/nost/isoas/refmodel.html

3. IngestStandards(andothers)in theOAIS model,David Holdsworth,
http://gps0.leeds.ac.uk/ecldh/cedars/AWIICS.html

4. TheArchive IngestProcess,Mike Martin, http://ssdoo.gsfc.nasa.gov/nost/isoas/awiics/ingestmethodology.html
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Chapter Thr ee: The CedarsDemonstrator Ar chive
and RelatedWork

3.1 Intr oduction

While muchcanbelearnedfrom theoriesanddiscussionsaboutlong-termdigital preservation,thereis a deficit of
practicalimplementationsto work throughandtestthese.Without testingtheoriesin apracticalway, theirweaknesses
andshort-comingsarenever revealed.In this field of digital preservationthereis alwaysthesoberingreminderthat,if
valuabledigital objectsarenot preservedsoon,or evennow, it maynotbepossibleto preservethemat all. Fortunately,
evenwhena resourceis preservedin a badmanner, it canbedetectedandimprovedstepscanbeappliedto ensurethe
longevity of theresource(this is not possiblewherenopreservationstepshavebeentaken).Howeverpreservationof
digital materialsis anurgentissuebecauseof thespeedwith whichnew technologiesbecomeobsolete.Thefirst lesson
learnedfrom practicalwork is this: evenwhena resourceis preserved,this is not fail safe,sotheresourceneeds
monitoringin orderto ensurethepreservationis effectivefor thelong-term.Cedarshasbuilt somecomputersystems,
mainly usingwebtechnology(Java,HTML, cgi), to testseveralof theOAIS stagesof anarchive. Thesearecombinedin
a distributedarchitecture,andhavebeentestedby agroupof six test-siteinstitutions.Partof theCedarsproject’s
investigationhasusedmaterialfrom analreadyobsoleteenvironmentin orderto understandhow theproposedsolutions
canreachforwardinto thefuture.

3.2 CedarsDigital Ar chitecture

Cedarshasdesignedanarchitecturalmodelfor adistributedarchive. Thisarchitecturalmodelis categorisedasa
“federatedarchive” by theOAIS model.A federatedarchive“includesbothLocalandGlobalcommunities,andhasboth
LocalandGlobalaccess.”19 As thepracticalwork of Cedarswasbasedat threegeographicallyseparatedsites,the
distributedarchitectureconsistsof threearchives.Figure3.1shows thelocal systemsin placefor oneof thesesites.
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Figure3.1: TheArchitectureof a SingleSite

Thecriteriafor thisarchitectureis to

Ý Ensurethatapreserveddigital objectcanbefound
19ReferenceModel for anOpenArchival InformationSystem(OAIS). CCSDS650.0-R-1RED BOOK
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Þ Ensurethatthefoundobjectcanbeunderstood

For thesecriteriato bemet,it is vital thateachpreserveddigital objecthasauniqueidentifier.

3.2.1 Unique Identifiers and the Nameserver

All of thedigital objectsarchivedby Cedarsareallocateda CRID (CedarsReferenceID). Early in theproject,the
decisionwastakento adoptthe(thenemerging)UniqueResourceName(URN) conventionfor all of theCRIDs.20 The
URN conventionimposesa colonseparatedstructurefor domains,sub-domains,andidentifiers.Responsibilityfor
assigningtheseCRIDswasdistributedbetweenthelocalsites,soeacharchivesiteis allowedto allocateany namewithin
their domainalthoughthey mustadhereto localpolicy. Softwarechecksensurethatthesameidentifiercannotbe
allocatedtwice.

Herearesomevalid CRIDsthathavebeenallocatedby Cedars:

Þ CEDARS:LDS:t2:Ctsmpr111706

Þ CEDARS:OX:cup:hopwood

Þ CEDARS:LDS:rao:MimePPT

Þ CEDARS:CAM:user18Q3:sci:HldSer12x02 x2001

Þ CEDARS:CAM:user82Wt:photo:AmCam10x0 9x2000

At eachsitea nameserverprogramis usedto translateCRIDsinto thelocationof theresource.Eachnameserverhasits
own databaselisting thecorrelationbetweenCRID andresourcelocation.Thenameserver is boundontoaspecific
socketport,andlistensfor a CRID requestfrom a web-browser. Whensucha requestis received,thenameserver looks
up theCRID in its database,andreturnsthelocationof theresource.

In this wayexisting AIPs canberelocated,eitherfor efficiency of Access,or astheresultof phasingout a particulardata
store.ExistingAIPs canalsobereplacedwith functionallyequivalentobjects.UsingaNameserver in thisway allows
metadatato beassociatedunambiguouslywith AIPs,andsosearchengineswill utilise CRIDs.

3.2.2 ManagementFunctions

Managementfunctionsarethetoolsusedby thelocal sitemanagerto manipulatethearchivesite’sholdings.Theseare
employedfor a widevarietyof tasks,althoughin thecurrentdemonstratorsomeof thesetasksarenotyet fully
automated.Hereis anexampleof theuseof somemanagementfunctionsasthey areappliedduringthelifecycleof a
resource:

A ViewStorefile (aBBC microcomputerdatabasecirca1983)is receivedfor ingest.

Þ A tool scanstheformatscurrentlyunderstoodby thearchive

SinceViewStorefiles do not appearin thecurrentRepresentationNetwork work startsin this area,anda general
investigationis madeto find out asmuchaspossibleaboutthis file format.

Þ Toolsareusedto adda sectioninto theRepresentationNet to handlethis format

20AlthoughCRIDsconformto theURN syntax,thereis no relianceonany URN technology
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ß A CRID is allocatedto thePrimaryDigital Object(PDO)andtheNameserverdatabaseis updated

ß ThePDO(theViewStorefile) andits metadataarepackagedinto anAIP

ß TheAIP is transferredinto thelocaldatastore

ß A tool is usedto specifyanaccesscontract

ß SomePDI metadatais placedin a databaseandmadeaccessibleto findingaidsandsearchengines

Later, duringa routineRepresentationNetwork update,a betteremulatorfor theBBC microcomputeris added.
A userdownloadstheresourceandchoosesto downloadtheemulatorto renderit.

ß An invoiceis sentto theuser, to cover thelicensefor theemulator.

3.2.3 Ar chiveStore

Two of thethreeprojectsiteswereableto utilise localarchivesat thelocal institution.Thesemeetthefollowing
requirementsof aCedarsarchive.

ß A namedbytestreamcanbeplacedin thestore

ß Replicationis usedto preventlosingthestoredbytestream

ß Thenamedbytestreamcanberetrievedfrom thestore

A commoninterfacewasbuilt betweentheStoreandtheManagementToolsandGatewaysoftwareby usingaJava
AbstractClass.Thispassesrequestsfor dataretrieval to thedatastore,andprovidesgeneralfacilitiesasneededby the
variousmanagementtools(includingtheability to placea bytestreamin thestore).Thetwo institutionalarchives
provide thenecessarystorageusingquitedifferentinternalmethods.

3.2.3.1 LEEDS File Ar chive (at the University of Leeds,ISS)

TheLEEDS(Low costeverlastingdatastore)archivewasproducedasanin-housesystemwhichcameinto operationin
1991,andaimedto meetastrict setof requirements.21 In 2000thesystemwasupdatedfrom anExabyte-120robottape
library (1168mmhelicalscantapes,giving a capacityof 1 TByte) to anExabyte-X200robottapelibrary (up to 200
Mammoth8mmSCSItapes,anda capacityof 8 TBytes)with thepossibilityof addingadditionaltapelibraries(hence
furtherincreaseto storagecapacity).Datais storedandretrievedfrom theLEEDSstoreby usingacustomsoftwaretool,
which hidestheinternalmechanismsfrom theuser. As well asstoringuserdata,thesystemis resilientto hardware
malfunctionsandprotectsagainst:

ß lossof its index partition

ß lossof adatacache

ß corruptionof themastertableof tapelocations
21Seehttp://www.leeds.ac.uk/ucs/systems/archive/req.html
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à tapefailures

Theprimaryethosfor theLEEDSsystemis adequatelypresentedby its leadarchitectin “The Mediumis NOT the
Message.”22

TheJava classLeedsAIPStore usesknowledgeof theinternalmechanismsof theLEEDSstoreandgenerates
requestsdirectly, cuttingout theuserinterfacesoftware.

3.2.3.2 HFS archive(at Oxford University, OUCS)

In 1995Oxford UniversitychoseanIBM systemto meetbothits backupandarchival requirements.23 Thissystemwent
into productiveuselaterthatyear. Thefirst priority of this systemwasto providesomeform of “unlimited” disk-space.
It employsanintegratedsuiteof software(AdstarDataStorageManagement,or ADSM) anda largeautomatedtapesilo
(2 RS/6000-R40systemsrunningAIX 4.1.5/4.2.1anda 3494AutomatedTapeLibrary, with a capacityof 1300
cartridgesand8 tapedrives,giving over20 TBytesof storage).

After installation,they discoveredsomedifficultiesthathadnot beenanticipated.WhenADSM wasinstalled,some
essentialsoftwarewasnot yetavailable.Suchschemeswould havealsoincurreda numberof difficult policy decisions.
Archiving (asdistinctfrom migration)alsoneededcarefulconsideration.Thebackupfacilitiesof ADSM weregoodand
fully integratedinto thesystem,but usershavebeenrunningthesystemto its limits. This requiredconstantattentionand
administrativeeffort in orderto keeppacewith thedemand.Despitehaving expecteda turn-key solution,asurprisingly
high level of systemerrorshasbeenencountered.

As well asanarchiving, migration,andbackupservice,theADSM offersanftp service.This is theservicethathas
providedthefewestsnags.Cedarsadoptedthis interfacewith theADSM, andmanagea smallfile areain the
HierarchicalFile Store(HFS)throughtheftp interface.

TheJava classOxfordAIPStore usesarestrictedfunctionalityFTPclient to passrequestson to theHFS.

3.2.4 Gateway

TheGateway is a webinterfacethatprovidesa customisedview of locally heldAIPs. Usingthis interfacea
DisseminationInformationPackagecanberequested.It alsoallows theuserto traversethroughthenodesin the
representationnetwork. At themomenttheview is selectedbasedon theAIP, but thiscouldbechangedsothatdifferent
usersaregivenviewsappropriateto their usertype.

Currentlythegatewayautomaticallytraversestheappropriatesectionsof theRepresentationNetwork for theAIP and
consolidatesthis into a list of availablemethodsfor renderingtheAIP. Wherepossible,theRepresentationNetwork also
containsanindicationof theMime-Typefor eachdataformat.Currentplatformssuchasweb-browsersandemail
readersreadilyunderstandtheseMime-TypessotheConsumer is ableto accesstheintellectualcontentof anAIP
without needingto understandtheRepresentationInformationmetadata.An advantagewith Mime-Typesis that,even
whereacurrentplatformdoesnotknow how to renderaparticularMime-Type,severalwell establishedrepositoriesexist
on theInternetfor findingapplicationsto handlethese.

22Holdsworth,David. TheMediumis NOT theMessage.Availableat
http://esdis-it.gsfc.nasa.gov/MSST/conf1996/A6 07Holdsworth.html

23Seehttp://users.ox.ac.uk/alex/hfs-AXIS-paper.html
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3.2.5 Search Engine

TheSearchEngineis a simplisticPerlprogramthatusesa handcrafteddatabasewhich lists theimportantresourcesin
Cedarsholdings.Givenasearchstring,theprogramsearchenginecomparesthis to theauthorandtitle fieldsin the
database.A web-formis thenusedto presentthefindingsanda summaryof thehits on thesefields.Theresultsfrom the
searchengineis a list of CRIDsthattheweb-formusesto call theNameserverwhich thendirectstheuserto thecorrect
gatewaypagefor theAIP chosen.

3.2.6 Distrib uted Ar chitecture

Distribution of AIPs betweenthedifferentarchivestoresin Cedarsis achievedthroughtheCRIDsandNameserver
databases.TheManagementTool for IngestallowsanIngestManagerto selectwhich siteis usedfor thestorageof the
AIP. At thisstagetheAIP is assignedits CRID, with thefirst sectionof this indicatingthesiteof ingest(which is alsothe
siteallocatingtheUniqueName).EachNameserverdatabasealsocontainsthelocationof everyotherNameserver
program,soany CedarsNameservercanbeusedto locateany of theCRIDswithin theCEDARS:domain.Figure3.2
illustratesthis.
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Figure3.2: Nameserver interactionsacrosstheDistributedArchive

A requestis madeto thenameserverof SiteC for theresourcewith name:

\ CEDARS:CAM:user18Q3:sci:HldSer12x02 x2001

SiteC looksthis up in its Nameserverdatabaseandpassestherequeston to thenameserveratSiteA (basedon theCAM
domain).WhentheNameserverat SiteA interrogatesits databaseit findsthattheresourcecurrentlyresidesin the
ArchiveStoreat SiteC andreturnstheresourcelocationsothata usercanusetheGatewayat SiteC to accessthe
resource.Eventhoughtheresourcehasa CRID thatis in theCAMdomain,apolicy changeat somepointhasmeantthat
SiteA no longerkeepsresourcesof this typesoit hasbeentransferredto SiteC. SincetheCRID is permanent,the
resourcekeepsthesameidentifier, andonly theNameserverdatabasesareupdated.In reality, all of theNameserver
interactionsaretransparentandsoaweb-browsercall to a Nameserverwith avalid CRID will automaticallydeliver the
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gatewaypagefor thecorrectAIP (irresepectiveof how many Nameserversareinvolvedin theactualresolutionof the
CRID).

3.3 Handling Ar chival Inf ormation Packages

Fundamentalto theOAIS modelis theAIP. This is thesmallestunit of storageandchoosingits compositionwill affect
thesuccessof preservation.Figure3.3shows thehierarchyinvolvedin thecompositionof theAIP in theOAIS model
andfigure3.4shows thesecomponentsfrom anotherperspective.
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Figure3.3: TheOAIS hierarchyof anAIP
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Figure3.4: Combiningthecomponentsof anAIP

3.3.1 Metadata: Specificationand Inter nal Structur e

In its demonstrator, theprimaryconcernof Cedarswasto assesswhethertheinformationcapturedundertheelementsof
theCedarsProjectmetadataspecification(seeAppendix5 for thecompletespecificationdocument)wouldbesufficient
to allow for full preservationfor thelong-termrequirementsof futureusers.For thepurposesof thedemonstrator, it was
assumedthatpreservationwould addresscompleteretentionof anobject’sSignificantProperties.To do so,a suitable
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methodhadto bechosento representthemetadataelectronicallyaspartof theAIP. Theconstraintsfor choosingthis
methodwere:

1. Thenatureof themetadata

2. Thecurrent(andfuture)rapportof themethod

3. Thesimplicity of therepresentation

4. Thepracticalitiesof inter-operabilitywithin thedistributedarchive

5. Understandableby humans

Dueto thePDI componentof metadatabeinghighly textualXML waschosen.Thissuccessfullymatcheseachof the
criteria.However, aswill bediscussedlater, RI consistsmainly of indirectionsto nodesin theRepresentationNetwork
(which arespecialisedAIPs). XML doesnot matchcriterion1, 3, or 4 for RI. A simplerapproachof usingpropertyfiles
lent itself to RI metadata,andalsomatchestheapproachusedfor Gatewayfiles andcachedAIPs by theCedarsarchive.

3.3.1.1 Preservation Description Inf ormation

Hereis asimplifiedsectionof theCedarsXML DTD for PDI:

<!ELEMENT informationPackage
(preservationDescriptionInformation?,conte ntInfo rmatio n?)>

<!ELEMENT preservationDescriptionInformation
(referenceInformation?,contextInformation? ,prove nanceI nforma tion?,
fixityInformation?)>

<!ELEMENT referenceInformation
(resourceDescription?,existingMetadata?)>

<!ELEMENT resourceDescription
(DCtitle | DCcreator | DCsubject | ...)*>

<!ELEMENT DCtitle (#PCDATA | reference | list | p)*>
<!ELEMENT DCcreator (#PCDATA | reference | list | p)*>

<!ELEMENT existingMetadata (existingRecord+)>

<!ELEMENT existingRecord (#PCDATA)>
<!ATTLIST existingRecord scheme CDATA #IMPLIED>

<!ELEMENT contextInformation (relatedInformationObject+)>

<!ELEMENT relatedInformationObject (relationship,reference)>
<!ELEMENT relationship (#PCDATA)>

<!ELEMENT provenanceInformation
(historyOfOrigin?,managementHistory?,right sManagement? )>

<!ELEMENT historyOfOrigin
(reasonForCreation*,custodyHistory*,change Histor yBefor eArchi ving*,
originalTechnicalEnvironments*,reasonForPr eserva tion*) >
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<!ELEMENT reasonForCreation (#PCDATA | reference | list | p)*>
<!ELEMENT custodyHistory (#PCDATA | reference | list | p)*>
<!ELEMENT changeHistoryBeforeArchiving (#PCDATA | reference | list | p)*>
<!ELEMENT originalTechnicalEnvironments
(prerequisites*,procedures*,documentation* )>
<!ELEMENT reasonForPreservation (#PCDATA | reference | list | p)*>

<!ELEMENT managementHistory (ingestProcessHistory?,administrationH istory ?)>

<!ELEMENT rightsManagement (negotiationHistory?,rightsInformation? ) >

<!ELEMENT negotiationHistory (#PCDATA | reference | list | p)* >

<!ELEMENT rightsInformation (copyrightStatement*,actors?,actions?) >

All of theelementscanbepopulatedwith freetext. Naturally, in aserviceenvironment,individualelementswould have
furthersub-divisionsandsomeformatconstraints(it is certainlydesirableto standardisetheformatsof commonfields).
Indeed,this wasidentifiedby theCedarsProjecttestsites.Precisespecificationof formatsis secondaryto theprocessof
testingwhetherthesetof elementsin thespecificationis ample.

Onetechnicalissuedid arisewith usingXML for thePDI. Whereoneor morecataloguerecordsalreadyexist for a
resource,how do wekeepcopiesof thesein theAIP? Otherthandiscardinganexisting cataloguerecordcompletely, it
couldbemappedontotherelevantelementsin thePDI – however four ideaswereexpoundedabouthow to retainthe
actualrecord:

e (A) Copy thewholerecordinto theXML asfreetext data

e (B) Mark therecordup asXML andstoreit in anothernamespace

e (C) Definetherecordasa separate(non-XML) entity

e (D) StoretherecordasanAIP in its own right

Both (A) and(B) wouldonly applyto a limited setof possibleexisting records,andXML is not suitablefor several
existing records.Option(D) would imply thattherecordeitherneededto besharedby severalAIPs or thatit wasan
interestingresourceindependentlyof theAIP it catalogues.Only (C) is generallyapplicableto all possibleexisting
records.

ThecompleteDTD correspondingto theCedarsMetadataSpecification,togetherwith somepopulatedXML records
(from thetestingphase)canbefoundin Appendix6.

3.3.1.2 RepresentationInf ormation

RepresentationInformationis separatedinto two types,Structural Inf ormation andSemanticInf ormation. Figure
3.524 shows thedivisionof RepresentationInformationinto thetwo components.To ensurethatthis technicalmetadata
is chosenwell andwill thereforeprovidefor futureaccessto theintellectualcontentof thePrimaryDigital Object,some
key conceptsmustbeaddressed.

Thefirst of theseis SignificantProperties– aconceptintroducedanddiscussedin Chaptertwo. Whatconstitutesthe
intellectualcontentof thePrimaryDigital Object?For eachresourceenteringtheCedarsarchive,its Significant

24ReferenceModel for anOpenArchival InformationSystem(OAIS). CCSDS650.0-R-1RED BOOK. OAIS figure4.11
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Figure3.5: Componentsof RepresentationInformation

Propertiesmustbeidentified.Thesecanrangefrom adecisionthateveryaspectof “look andfeel” of operationwith the
resourcemustbemaintained,to thedecisionthatonly thetext is significant.For thewhole“look andfeel” thearchive
might have to preserveadescriptionof thesoundsmadeby theprinterandkeyboard,aswell asall of thesoftwaretools
thatwereusedto createandedit theresource.Whereas,for the“text only” example,embeddedpictures,fonts,sounds,
andmoviescanall bethrown awayasinsignificant.As partof thesubmissionagreement,theseSignificantProperties
needto beidentified,in light of thetechnicalfeasibilityandthecosts(includingthecostof obtainingthesame
intellectualcontentif theSignificantPropertiesarechosenwrongly). Suchdecisionsaretraditionallytakenby the
collectionmanagers(in conjunctionwith systemsmanagersasnecessary).

Thesecondconceptis thatof theUnderlyingAbstractForm(UAF) which is basedon theagreedSignificantProperties.
This termis usedto encapsulatetherecognitionthatthedata(PrimaryDigital Object)hasanexistenceandan
intellectualcontentseparatefrom themediumuponwhich it is written. TheUAF capturesall theSignificantProperties
of thePrimaryDigital Object,andis independentof themediumuponwhich thedatais written. Any givendigital object
is likely to haveanumberof possibleUAFs. Choiceof theUAF for preservationis partof theIngestprocess.

Someexamplesof UnderlyingAbstractForm:

¢ Many CDsactuallycontaina file system,andsuccessfuloperation(andaccess
to intellectualcontent)only reliesonthatfile system.Copyingsuchafile system
onto a partition on a harddisk deliversan equivalentworking representation.
Physicalfile placementis unimportant.For this, ‘file system’is aviableUAF.

¢ In somecasesit is only importantto have a file tree,andtheCD contentscan
becopiedinto adirectorywithin any existing file system.

¢ Dataheldin arelationaldatabasecanequallywell residein avarietyof database
engines,and still deliver its original content. Exporting a set of comma-
separatedfiles holding the contentcanbe usedasa system-independentrep-
resentationof thatcontent.So, ‘(system-independent)relationaldatabase’is a
viableUAF.

¢ A plain text documentconsistingof linesof charactersdrawn from theASCII
characterset is meaningfulin a variety of environments.In this case,‘ASCII
text document’canbeaUAF.

TheUnderlyingAbstractForm informsthechoiceof StructureInformationandprovidestheformalismfor theSemantic
Informationto “add meaning”to theStructureInformation.

¢ StructureInformationprovidestheinformationnecessaryfor generatingtheUAF from thepreservedbytestream
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(thatis, thePrimaryDigital Objectpartof theAIP)

£ SemanticInformationis themeansto obtaintheintellectualcontentfrom theUAF. Theremaybemultiple entries
in theSemanticInformation,correspondingto differentplatformsanddifferentwaysof renderingtheintellectual
content.

Above,someexamplesweregivenof possibleUAFs. For many digital objectstherearemultiple levelsof abstraction,
rangingfrom theUAF to higherlevel abstractions.Providing SemanticInformationat higherlevelsof abstractionthan
theUAF makesit possibleto sharetoolscommonbetweenresourcetypes,eventhoughthesearenot applicableto all
objectsof thesameUAF. Choosingthetruly underlyingUAF is not alwaystrivial. Cedarscurrentlyadoptsa policy of
choosingthehighestlevel abstractionthatdiscardsno significantinformation.

Seethefollowing illustration:

£ A singlePDF file held on a diskettecanbe consideredasa file system,a file
tree,a singlefile, or a PDFfile. Cedarscontendsthat thePDFfile is themost
usefullevel of abstractionfor its RepresentationNetwork.

£ A setof PDF files might be treatedasa setof objects,eachof which hasthe
abovelevel of abstraction,or perhapsa setof PDFfiles is a valid abstractform.

£ A setof PDF files with a plain ASCII text READ.MEfile, anda copy of the
Acrobatreaderon a CD. This raisesmorequestions.TheAbstractForm (AF)
chosenis a file tree,but shouldtheRepresentationInformationrecordthataset
of PDFfiles is incorporatedwithin thatfile tree?

Thearchiveneedsto keeptrackof all of thedifferentUAFs thatneedto beunderstoodto usetheAIPs in its holdings.
Whena resourceis obtainedby thearchive,andtheUAF for this is identified,theUAF mustbemappedinto asingle
bytestream.As well askeepingtrackof theUAF, thearchivemustkeeptrackof theroutinesto mapthebytestreamback
into theUAF.

Thefirst exampleabove is mappedinto a bytestreamby replicatingit. Theothertwo examplescanbemappedinto a
bytestreamusinganopensourcealgorithmsuchastar or zip . For morecomplicatedUAFs,suchasarelational
databasedrivenweb-site,a new algorithmfor themappingmayneedto bedeveloped,or anexisting techniqueextended.
It is vital thatthealgorithmprovidesa fully reversiblemappingprocess,asany informationlost while mappinginto the
bytestreamcanneverberecoveredin thefuture.

Wherepossible,opensourcetoolsshouldbeusedfor SemanticInformationaswell asStructureInformation.Sometimes
theuseof aproprietarytool to view theintellectualcontentof a resourcecannotbeavoided.Wherethis is thecase,when
theplatformthatsupportsthis tool becomesobsoletethetool alsobecomesobsolete.In sucha situation,whenarequest
for a resourcewith no “current” tool for SemanticInformationis made,thereareseveraloptions:

1. Deny therequest,theinformationis no longeraccessible

2. Provide thePrimaryDigital Object,andleave therecipientto inventa way to obtaintheinformationfrom theUAF

3. Developanemulatorthatresurrectstheproprietarytool

4. Developanew tool thatreplacestheproprietarytool

5. Developa tool to migratefrom theproprietaryformatto a “current” format(whichshouldmaintaintheSignificant
Properties).
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In theSemanticInformationpartof thetechnicalmetadata,theremaybereferenceto softwaretoolsthatarespecificto
only this resource.Theremayalsobeothersoftwaretoolswhich arerelevantfor all resourcesof thesameformat.When
othertoolsbecomeavailableto work with oneof thesesharedformatscommonto severalAIPs, theseareaddedto the
appropriatenodein theRepresentationNetwork andhencebecomeavailableto all therelevantAIPs. Representation
Networksareusedto keeptrackof thetools,algorithms,andtechnicaldescriptionsfor all theAIPs in theCedarsarchive.
(A RepresentationNetwork is “the setof representationinformationwhich fully describesthemeaningof adata
object,”25 thesearediscussedin detailbelow in section3.5.)

Therearefour kindsof toolsfor semanticinformation,anda singleAIP canreferto any numberof any typeof tool.

Rendering Tool a pieceof softwarethatrunson a computationalfacility anddisplays(in somemanner)theintellectual
contentof theUAF.

Emulator a pieceof softwarethatmimicsanother(oftenobsolete)computationalfacility. For someresourcesa
RenderingTool mayneedto becombinedwith theEmulator in orderto obtaintheintellectualcontentof the
UAF.

Migration On RequestTool apieceof softwarethatunderstandstheUAF andproducesthesameintellectualcontentin
a differentformat.Thisnew formatcanbeunderstoodusinganappropriateRenderingTool or transformedinto
yetanotherformatby anotherMigration On RequestTool.26

Format Description a rigorousdescriptionof theformatof thecomponentsof theUAF, to allow ahumanbeingto
interpretthePrimaryDigital Object.Sucha Format Description alsoallowsnew toolsto bedevelopedthat
understandthis typeof primarydigital object.GoodopensourceRenderingToolscanbethoughtof asa Format
Description.

Migration doesnot appearin this list, becauseany decisionto migrateinto a standard(or preferred)formathappens
eitherat Pre-Ingestor Ingest.Suchformatmigrationsarerecordedin thePDI aspartof the
ingestProcessHistory (or in changeHistoryBeforeArchiving ).

TheRepresentationInformationis storedasa list of properties.For example:

#RI
StI = @OX:sti:singleFile
SeI.1 = @LDS:rao:powerpoint
SeI.2 = @LDS:rao:MimePPT

or

#RI section of metadata
StI = @LDS:stiTarFS
SeI.1 = @LDS:raoWin100/.!ContentRAE=WOB:\\i nstal l.exe
SeI.2 = @LDS:raoMac100
SeI.3 = @LDS:raoDyna100

TheStI is theStructuralInformation,andtheSeIis theSemanticInformation.All of themetadataarereferencesto
nodesin therepresentationnetwork, andtheseareassignedCRIDsto uniquelyidentify them.For thefirst example,the
resourcedoesnot specifyaspecifichardwareplatformbut canbeunderstoodon any computationalplatformthatcan
handlepowerpoint . ThesecondexamplehasSemanticInformationfor two hardwareplatformsandonegeneral
computationalplatform.TheWin platformrequiresaparameterspecificto this resourcein orderfor it to usethein-built
Rendering Tool.

25ReferenceModel for anOpenArchival InformationSystem(OAIS). CCSDS650.0-R-1RED BOOK
26This techniqueis describedfurtherin Wheatley, P. R. “Migration – aCAMiLEON discussionpaper”.www.leeds.ac.uk/CAMiLEON/index.html
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3.3.2 The StorageFormat of the Primary Digital Object

This is directly relatedto theStructureInformationpartof theRepresentationInformation.As this referencesthe
algorithmto convert thebytestreaminto theUAF (in a completelyreversibleway), thestorageformatof thePrimary
Digital Objectis simply asinglebytestream.

All of theAIPs in theCedarsarchivestorethis bytestreamdirectly. This meansthatthepackaginginformationfor the
PrimaryDigital Objectpartof theAIP is alwaysthesame.

3.3.3 Packagingthe AIP

Theformatof theinternalcomponentsof theAIP in theCedarsdemonstratorarchiveareasfollows:

Preservation Description Inf ormation anXML record

RepresentationInf ormation a list of properties(in Javanotation)

Primary Digital Object anunmodifiedbytestream

Existing CatalogueRecords severalnamedbytestreams

Eachcomponentof anAIP is packagedtogetherusinganASN.1(AbstractSyntaxNotation)wrapper. Only theASN.1
BasicEncodingRulesareused.ASN.1waschosenbecauseit is well established,theBasicEncodingRulesaresimple,
andit canhandlevery largebinarydatafiles.27

Figure3.6illustratestheASN.1structurefor packaginganAIP. Thepackaginginformationis a versionnumberanda
CRID. Theobjectreferencedby theCRID containsdetailsof theinternalstructureof theAIP anddocumentsthe
SemanticInformationto obtainthecomponentsfrom theASN.1packedAIP.
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Figure3.6: ThePackageStructureof anAIP

Thefirst threecomponentsof theAIP arehumanreadable,which providesa backupin caseof archival systemfailure.
Thefollowing is anexampleof a (highly abridged)ASN.1packedAIP from theCedarsarchive.

0ˆF=hˆBˆAˆCˆSˆˆNˆe<?xml version="1.0"?>
<!DOCTYPE informationPackage SYSTEM"http://cedars/cedars.dtd"><!-- 4/12/2000:12:40:41 --
>
<informationPackage>
<preservationDescriptionInformation>

27TheASN.1BER areanISO standard,thespecificationcanbefoundathttp://www.sdct.itl.nist.gov/ ftp/l8/other/Standards/iso8825/X680.pdf
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<referenceInformation>
<resourceDescription>
<DCtitle>George3 Source - tape 1</DCtitle>
<DCsubject>Source code of George3</DCsubject>
<DCdescription>Source code of the George3 operating system for ICL 1900 computers
and for ICL 2900 machines running DME</DCdescription>
<DCcontributor>D.Holdsworth</DCcontributor >
</resourceDescription>
</referenceInformation>
<contextInformation>
<relatedInformationObject>
<relationship>Same Subject</relationship>
<reference>DH:g3mt:123451</reference>
</relatedInformationObject>
</contextInformation>
<provenanceInformation>
<historyOfOrigin>
<reasonForCreation>This is the source released to installations running the
system.</reasonForCreation>
<custodyHistory>EarlierCustodian:Dave Higgins--CAP/Gemini</custodyHistory>
<originalTechnicalEnvironments>
<prerequisites>ICL1900 computer</prerequisites>
<documentation>available from ICL</documentation>
</originalTechnicalEnvironments>
<reasonForPreservation>Historic system prevalent in the UK in 1970s and early
80s</reasonForPreservation>
</historyOfOrigin>
<managementHistory>
<ingestProcessHistory>PDI Populated
when=4/12/2000:11:08:19 actor=D.Holdsworth@leeds.ac.uk action=requestIngest
when=4/12/2000:11:09:08 actor=CedarsIngestManager action=AuthoriseIngest
when=4/12/2000:11:09:08 actor=new_ingest.perl action=autoPDIscript
when=4/12/2000:12:35:35 actor=testsite11 action=EditXMLRecord
</ingestProcessHistory>
</managementHistory>
<rightsManagement>
<negotiationHistory>Official permission obtained from technical director of
ICL.</negotiationHistory>
<rightsInformation>
<copyrightStatement>
<nameOfPublisher>ICL</nameOfPublisher>
<dateOfPublication>1984?</dateOfPublicatio n>
<placeOfPublication>London - England</placeOfPublication>
<rightsWarning>This is only made available as a historic object. It is not to be
used for any other purpose.</rightsWarning>
</copyrightStatement>
</rightsInformation>
</rightsManagement>
</provenanceInformation>
</preservationDescriptionInformation></inf ormati onPack age>
ˆSN#RI
StI = @LDS:stiByteStream
SeI.1 = @DH:raoTapeImage
SeI.2 = @DH:g3:tapeprintˆD<binary data>

Theexampleabovedoesnotcontainany existingcataloguerecords.TheseareincorporatedusingASN.1aspartof the
PDI component.This is shown in figure3.7.
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Figure3.7: ExistingCatalogueRecordsin theASN.1AIP

3.4 Inter nal Ar chival Statesof the AIP

During thelife timeof anAIP, it becomesavailablein many states.Theserangefrom a storedobjectin thearchivebeing
availablefor usersservedfrom severalcachesto anunavailableobjectwhich is yet to becommittedto long term
storage.28

3.4.1 Maximum Availability

A fully ingestedAIP of modestsizewhich is in high demandwould bein this state.

( TheAIP is on-linereadyto bedeliveredon demand

( TheAIP existsin thelong-termstoreandis givenaninternalLocalLong-TermID (LLTID)

( Thegatewaydatais heldin a local file for immediatedeliveryby thegateway

( Thenameserver translatestheCRID into thecorrectcall to thegatewayprogram

3.4.2 Medium Availability

A fully ingestedlargeobjectwhich is in high demandwould bein this state.

( TheAIP existsin thelong-termstoreandcanbedeliveredin duecourse

( Thegatewaydatais heldin a local file for immediatedeliveryby thegateway. It containstheLLTID

( Thenameserver translatestheCRID thecorrectcall to thegatewayprogram

3.4.3 Minimum Availability

A fully ingestedAIP whichhasnot beenrequestedfor sometimewouldbein this state.

( TheAIP existsin thelong-termstoreandcanbedeliveredin duecourse

( Thenameserver translatestheCRID into aspecialcall containingtheLLTID, whichcanbeusedby thegateway to
thenrecreatethelocal gatewayfile, by extractingthecorrectmetadatafrom theAIP

28More informationaboutthesestatescanbe found in Holdsworth, D. “Statesof Being” andHoldsworth, D. “ImplementingChangesof State”.
www.leeds.ac.uk/cedars/demonstrator
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3.4.4 Interim Availability

A recentlyingestedobjectof modestsizewouldbein thisstate,awaiting furtherprocessinginto a long-termstate(even
so,in this stateit is availablefor deliveryby thearchive).

) TheAIP is on-linereadyto bedeliveredon demand

) Thegatewaydatais heldin a local file for immediatedeliveryby thegateway. It doesnot containtheLLTID
(whichhasyet to beallocated)

) Thenameserver translatestheCRID into acall for thegatewayfile

3.4.5 Initial Availability

A newly ingestedobjectof modestsizewould bein this state,awaiting furtherprocessinginto a long-termstate(in this
stateit is availablefor deliveryby thearchive).

) Thebytestreamversionof theoriginaldigital objectis on-linereadyto bedeliveredondemand

) Thegatewaydatais in theform of afile for immediatedeliveryby thegateway. It doesnot containtheLLTID
(whichhasyet to beallocated).

) Thenameserver translatestheinterimCRID into thecall to thegateway

) TheAIP is availableto begeneratedon demand

3.4.6 StagesBetweenthe States

3.4.6.1 Ingest

StageOne

Thefirst stageof Ingestis in theproductionof thebytestream(of thePrimaryDigital Object),anda gatewaydatafile.
This includesallocationof a CRID for theobject,asit is partof thegatewaydata.At this stagetheobjectcannotbeseen
by theoutsideworld, but aNameserverentrycannow becreatedto giveaccessto theobjectat this stage,eventhoughit
is notyet in long-termstorage.This placestheresourceinto theInitial availability state.

StageTwo

TheAIP is generatedfrom thebytestreamandthegatewaydata.This is anASN.1package.A new gatewayfile is
generated,referencingtheAIP by its localnamein theinterim stagingfilespace.At this stagetheStageOnebytestream
is destroyed.This is theInterimavailability state.

StageThr ee

TheAIP is copiedinto thelong-termstorage,andits LLTID is allocated.A new gatewayfile is generated,now
containingtheLLTID. This is thestatedescribedasMaximumavailability above.
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3.4.6.2 Maturity

StageFour

TheAIP is deletedfrom on-linestorage.It canberecoveredfrom thegatewaywhenneeded,or theend-usercanbe
suppliedwith thefacility for directrecoveryfrom thelong-termstore.This is thestatedescribedasMediumavailability.

StageFive

Thegatewayfile is deleted.Thenameserverentryis updatedto deliver thecorrectspecialcall to thegateway. This
containstheLLTID, from which thegatewaycanrecover theinformationnecessaryto createthegatewayfile. This is the
Minimum availability state.

StageSix

Copiesof theAIP areheldby othermembersof thearchivefederation.LocalNameserversgetentriesto addresstheir
copies.

3.4.6.3 Expiry

OncetheAIP hasbeencommittedto thelong-termstoreit is preservedpermanently. Thenameserverresponsiblefor the
CRID keepscontinualrecordof theLLTID call to thegateway. In short:Expiry? Never!

3.5 RepresentationNetworks

As mentionedearlier, CedarsstoresRepresentationInformationasapropertyfile listing indirectionsthatpoint to nodes
in theRepresentationNetwork. Our RepresentationNetsinvolvethreemaintypesof node:

Data Format Definitions (DFD) which definea dataformat.Thesearesometimesactualbytesandsometimesa more
abstractentity suchasanAPI. TherearealsoDFDsfor describinga realmagnetictape,or a humanbeing
interactingwith a desktopWIMP interface.

Render/Analyse/Convert Engines(RACE) take in datain oneformat,anddeliver it in anotherformat.This maybea
new formatfrom a MigrateOn RequesttypeRACE,or bea documentviewer from aRenderingTool typeRACE.

Platforms aretypically computersystems,usuallywith storage,andarenecessaryfor theexecutionof RACEs.They
mustcontainor haveaccessto storagesuitablefor storingthedatathatthey areprocessing.

A DataFormatDefinition includes2 lists of Render/Analyse/ConvertEngines.Onelist enumeratesthoseRACEs
capableof acceptingthedefinedformatasinput,andof deliveringanotherformatasoutput.Theotherlist enumerates
thoseRACEscapableof deliveringthedefinedformatasoutput.An UnderlyingAbstractForm (UAF) is a specialisation
of a DFD nodethatincludesRACEsthatcanaccepttheraw bytestreamof thePrimaryDigital Objectasinputand
deliver thedefinedformatasoutput.For example:
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* If afilesystemhasbeenpreservedasa tarfile, it couldbedescribedashaving a
UAF of afiletree.TheUAF nodereferencedby theStructureInformationmeta-
datacouldincludealink to aRACEdescribingUNIX tar for generationof the
UAF on a UNIX system,andalsoanRAE describingWinZIP for generation
of theUAF on a PCsystem.

For any AIP theRI hastwo componentsat thetop level, StructureInformationandSemanticInformation.Structure
Informationis concernedwith describing(andespeciallyregenerating)theUAF andconsistsof:

* TheCRID of theUAF object

* Any parametersneededby theUAF objectto regeneratethespecificUAF

SemanticInformationis concernedwith interpretingtheUAF, andconsistsof a list of CRIDsof RACEs.With each
CRID is heldtheparametervaluesneededby theparticularRACE.EachRACE containsinformation(oftenin theform
of software)for someparticularprocessingof this AIP. In particular, theRACE includesa referenceto theplatformupon
which it is to operate.

In somecasestheSemanticInformationmaybeempty, andrely entirelyon renderingfacilitiesaccessedvia theUAF
description.Thisdependson theextentto which theUAF is definedasa high level abstraction.If we havea multimedia
objectcontainingHTMLandJPEGfiles, theUAF objectwill indicatehow to unpackthefile-tree.TheSemantic
Informationwill referencea tool thatunderstandstheassociationof thefilenameextensionwith thedifferentdata
formats.Theseassociationsarealsoreferencesto theRepresentationNetwork.

Thereis a valuein attachingrenderingcapabilityto thedataformatlevel, ratherthanto theresource,becausenew
facilitiescanberecordedat thedataformatlevel. Theseimmediatelybecomerelevantto many preservedobjects.This is
particularlyimportantin regardto following technologicalevolution.

3.5.1 GödelEnds

As Gödel’s theoremtellsus,any logical systemhasto beincomplete.Theremustbetruthswhich thesystemcannot
itself deduce.

TheRepresentationNetworksmusthaveendnodescorrespondingto formatsthatareunderstoodwithout recourseto
informationin thearchive,for exampleplain text usingtheASCII characterset.All referencesto sucha formatmustbe
via thesameCRID, andthemanagementof thearchivemusthaveaninventoryof suchobjects.As a formatbecomes
obsolete,theobjectreferencedby theCRID canthenbeupdatedto permitunderstandingof theobsoleteformatin terms
of currentpractice.

In theCedarsscheme,theplatformsuponwhich therender/analyse/convertengines(RACEs)run arethethingsthat
becomeobsoleteasa resultof themarchof technology. A dataformatbecomeslessandlessaccessibleastheplatforms
of therelevantRACEsbecomeobsolete.As a fallbackthereis thedocumentationof theformat,which wemight
considerasa specialRACE whoseplatformis human(e.g.aprogrammer).In thecaseof proprietaryformatswemay
not have this information.

Thustheplatforms(e.g.Win32)arethethingsthatareoutsidethearchive,andassucharethetrueGödelendsof the
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system.Onesuggestion29 is thatemulationof theoriginal computationalenvironmentgivestheverybesthopefor
recreationof theexperienceof a preserveddigital object.This canbea laboriousprocess,andtechnologyshiftsmay
rendera truerecreationimpossible.It is quitepossiblethatthetechnologyof thetime actuallylimited theaccessto the
intellectualcontent,anda farbetteraccessto archivedmaterialcanbeachievedby implementingviewersthatoperateon
theobsoleteformatdirectly.

Thereforethearchiveadministrationkeepsaninventoryof theplatformswhich occurin thearchive’sRepresentation
Nets,andtheGödelendplatformseachcontaintheCRIDsof thedataformatsthatrely on thatplatform.The
administrationthenneedsto keepthis inventoryunderreview, andaddnew RACEsto dataformatobjectsin orderto
maintainaccessibility.

Someplatformsmaynot betrueends,asthey mayhavebeenrealisedby emulation.An emulatoris a typeof RACE,and
assuchdependson aplatform.30

3.5.2 Proprietary Formats

Any archivehasanunderstandablereticenceaboutkeepingdatawhich is heldin undocumentedformats.However,
reticencemustnot beseenasa synonym for rejection.A currentproprietaryformatmaynot haveany publicly available
documentation,but mayhavereadilyavailablerenderingfacilitiesoncurrentplatforms.

As obsolescencethreatens,thecommercialvalueof thedocumentationis minimal,andthereis realprospectof being
ableto addthis into theRepresentationNet later.

Indeed,whereanopensourcerenderingtool existsfor a proprietaryformat,its sourcecodeactsasa fairly rigourous
documentationof theformat.Keepingdocumentationin theform of sourcecodereducesthecostof implementingnew
renderingtoolsin thefuture.

3.5.3 An exampleof a RepresentationNetwork

Hereis anexampleof oneof theAIPs in theCedarsarchive. ThePrimaryDigital Objectconsistsof aPDFbookanda
colourGIF imageof theoriginal front cover. TheCRID for this AIP is:

CEDARS:LDS:pubarea:Tiger

ThePDI componentof theAIP is simplifiedfor thisexample,andsois only a title andtheobject’sCRID. TheCRIDs
arethearcsof theRepresentationNet. Only thetail of theCRIDsareshown.
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Thestructureinformation(StI) in theRI is referencedindirectlyandis anAIP which describesthedataformat(in this
casea setof files) andfacilitiesfor interpretingit. Thesemanticinformation(SeI)in theRI is a list of CRIDsfor RACEs
thatcangiveaccessto theintellectualcontent.

29SeeRothenberg, J. “Avoiding TechnologicalQuicksand:FindingaViableTechnicalFoundationfor Digital Preservation”
www.clir.org/pubs/reports/rothenberg/contents.html

30TheCAMiLEON projectis investigatingemulation,andprovidescritiquesof otherwork in thisfield. Seehttp://www.si.umich.edu/CAMILEON/
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TheStI hasthefollowing specialisedfieldsin its PrimaryDigital Object:UAF, adescriptionof theunderlyingabstract
form; TOI, a transformerobjectinstance(aspecialRACE which cangeneratetheUAF from thepreservedbyte-stream);
RACE,a list of render/analyse/convertenginesthatcangenerateotherrepresentations(or provideAPIs).
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TheRepresentationNet node( � 31fset)conveying informationon how to dealwith theUAF of the“Tigers”AIP also
carriesRI to interpretits own Digital Objectcomponent.Theobjectreferencedby � 32uafpconveysthis information,and
only dealswith theUAF specialisationof aDFD. Althoughtwo choicesareprovidedto renderourfilesetAIP in theSeI,
while theCedarsgateway(� 50gate)cantracethroughtheinternalindirectionsof theRepresentationNet andpresentan
overalldecisionframework, theASCII renderer(� 54asciir)canonly displaythepropertyfile in thePDOverbatim.
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Examiningthecontentsof thefilesetAIP ( � 31fset)theUAF field referencesanAIP containinganASCII descriptionof a
fileset( � 71fset),whoseRI showshow to rendertheASCII file. TheRACEfield providesaccessto a tool ( � 80flist) that
displaysthestructureof theUAF, in this caseby listing thefilenames(tiger.pdf andcover.gif) which makeup theset.
TheTOI list field providesmethodsfor transformingthecontentfile of the“Tigers”AIP into thesetwo fileson different
computationalplatforms.Only theRACE for thePCplatformhasbeenshown (theothersaresimilar). This RACE
( � 81pczip)hasa dedicatedStI (similar to � 32uafp).� 91pcreferencesanAIP containinganASCII descriptionof thePC
platform,and � 72ftreeis theDFD for afiletree.
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Theselastthreenodesillustratesomeimportantfeaturesof ourRepresentationNet. � 32uafpis aGödelendfor UAF
nodes,� 87pcpdfVis a Gödelendfor theRenderingPlatform.We show PDFasaplatform( � 51pdfr),which is oneof a
numberof choices.As theGödelendplatformsbecomeobsoletethis formalismoffersthechoiceof addingPDF
renderingcapabilityonnew platformsor emulationof theobsoleteplatformuponwhich theexisting renderingsoftware
will run. Theparameter, shown in bracketsin � 01trav, is passedthroughto thesoftwareengineof � 87pcpdfVvia the
� 51pdfr. If desired,(tiger.pdf) couldberenderedvia � 88macpdfVinstead.All new renderingsoftwarefor pdf is addedto
thelist of RACEsin � 51pdfr.

3.6 Accessand AccessContracts

Thedisseminationof resourcesandmetadatafrom thearchive to its endusersis termedAccessby theOAIS model.As
mentionedanumberof timesalready, thismustbekeptveryseparateanddistinctfrom preservationandpreservation
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activities. Theunit of delivery for a resourceat Accessis aDisseminationInf ormation Package(DIP).

TheCedarsgatewayprovidesaninterestedpartywith a sampleof themetadatato describetheresource(servedfrom the
gatewayfile) andwith themeansto checkthetechnicalrequirementsthatareneededto obtaintheintellectualcontent
from thePrimaryDigital Object.Fromthis startingpoint, theRepresentationNetwork canbefollowedto find out extra
technicalinformationthatmaybeusefulin makingthedecisionaboutwhetherto requestaDIP for this resource.The
gatewayalsoallows theinterestedpartyto requesta DIP.

At themomenttwo typesof DIP areservedfrom theCedarsdemonstratorarchive,thefirst is a replicaof theAIP. This
containsthePrimaryDigital Objecttogetherwith all of themetadata.Thesecondkind of DIP is a replicaof thePrimary
Digital Object,thiscontainsno metadatawhatsoever. Thesetwo typesof DIP areshown in figures3.8and3.9.
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Figure3.8: A DIP which replicatesthewholeAIP
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Figure3.9: A DIP containingonly thePrimaryDigital Object

To developtheCedarsdemonstratorinto a servicearchive,new typesof DIPswould beneeded.For example,someof
themetadatawould notberelevantto a generaluserof theresourceandwould not beplacedinto theDIP.

RepresentationInformationwouldprobablybetranslatedinto astandardisedsetof instructionsin theDIP providing an
easyway to obtaintheintellectualcontentfrom theDIP. In generalthereis no needfor anend-userto haveaccessto all
thecomplex metadatastoredwithin a RepresentationNetwork. In someinstancesaDIP couldbebuilt from several
AIPs, for exampleif awholeseriesof PDFarticleswereordered,in whichcasetheDIP wouldconsistof asubsetof the
PDI metadatadescribingeacharticletogetherwith a commonRI descriptionaboutPDFandacopy of eachPrimary
Digital Object(eacharticle).

Part of theagreementbetweenthetestcontentprovidersandtheCedarsprojectwasthatthematerialwould notbemade
generallyavailable,but shouldbecarefullycontrolled.TheCedarsmetadataspecificationincludesanextensivesection
on RightsMetadata,which recordsboththerightsholders(andoriginal copyright statementsandwarnings)andthe
allowedactions(andtheactorspermittedto performthese).Thissectionof PDI metadatais designedto providea
qualifiedhumanbeingwith enoughinformationto decidewhetheror not ausershouldbegivenaccessto a resource.

To enforcethis decision,theCedarsdemonstratorallocatesa digital certificateto eachuser. WhereanAIP is placedin
restrictedaccess,a referenceto anaccesscontractis placedin its gatewayfile. Whena usermakesarequestto download
oneof theDIPsfor this resource,this is doneusingasecurewebcall (via https:// ). If theuserhasa Cedarsdigital
certificatethatis listedin theaccesscontractthentherequestis granted,otherwisethedownloadis prevented.Whenever
a new useris givenpermissionto accessresources,their digital certificatenumberis addedto therelevantaccess
contracts.Becausea CRID is usedto referenceanaccesscontractobject,severalresourcescansharethesameaccess
contract.
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3.7 Testing

As partof theCedarsProjectDemonstratorArchiveanumberof “test sites”wereinvited to testdifferentaspectsof
digital archiving.31 Six test-sitesuseda custombuilt web-interfaceto thedemonstratorin orderto ingestandaccess
varioustypesof digital material(imagefiles, text files,electronicjournals,largeonlinedatabases,andothercomplex
multi-mediamaterials).Thesesix test-siteswerechosenfrom organisationswith a breadthof expertiseandinterests.For
eachtest-site,Cedarsconductedanin-depthinterview to learnmoreabouttheir currentsituationwith regardto digital
preservation.Thesix test-siteswere:

� TheUniversityof Birmingham

� TheUniversityof Exeter

� UniversityCollegeLondon

� TheBritish Library

� MIMAS (ManchesterComputing)

� BirminghamCentralLibrary (a public library)

Thecustombuilt web-areaallowedeachtest-siteto conductaseriesof testswith theCedarsDemonstratorArchive. At
theendof eachtestfeedbackwaselicitedusinga constrainedsetof questions.Theselookedat thefacilitiesofferedby
thedemonstratorandtheknowledgerequirementto usethese.Thebullet pointsin this sectionsummarisethefeedback
commentsobtainedfrom thetesting.

3.7.1 Initial Negotiationsfor Ingest

This taskis to notify thearchive thata contentprovider intendsto submita pieceof digital contentto bepreservedin its
holdings.

� A largersetof fieldsfor metadatawould allow acontentprovider to adequatelydescribetheir resource

� Knowledgeof how theinformationis treatedonceit reachesthearchivewouldhelptheproviderknow which
informationis truly useful

� Guidanceandtrainingwouldbevaluable

3.7.2 Providing PDI

This taskallows thetest-siteto populatethedescriptivemetadata.

� Themetadatasetwasgood

� Sometimesit wasnot obvioushow to find valuesto populatethefields

� A smarterinterfacewith “what’s this?” popupswouldmake it easierto use

� Constrainingchoicesandformatsfor thefieldsis necessary

� Import andexport facilitiesto quickly populatefieldswould improvetheedit capabilities

31Seehttp://www.leeds.ac.uk/cedars/testsites.htmfor furtherdetailsof thetesting
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3.7.3 Linking to the RepresentationNetwork

At this stagetheRI is updatedby choosingfrom a suitabledescriptionof structureandunderlyingformat.

� Thegoodinterfacemadethisdauntingtaskquitestraightforward

� A mechanismfor automaticallyextendingthechoicesis needed

� Workedexampleswouldhelp

3.7.4 Uploading the Primary Digital Object

Thecontentprovider is giveninstructionsenablingtheuseof FTPto uploadtheir bytestream.

� Uploadwasverysuccessful

� Someinstitutionsdo notallow FTP, alternativemethodsneedto befound.

3.7.5 Retrieving a resource

This taskallowsany of thetestresourcesto bedownloaded.

� PDI waseasyto view (althoughit couldhavebeenpresentedbetter)

� Downloadingtheresourcewasstraightforward

� Onceweb-browserfilenamingfoibleswereaddressed,theresourcescouldbeviewedwithoutmuchdifficulty

3.8 Using the Past to Inf orm the Futur e

As thetechniquesdevelopedfor theCedarsdemonstratorareintendedto enablepreservationof adigital objectforever, it
is difficult to testin practicewhetherthey aresuccessfulor not. To enableassessmentof thesetechniques,saytenyears
into thefuture,we actuallylook tenyearsinto thepast.By simulatingtheapplicationof our techniquesto a resource
from 1990(undertheinitial constraintsof hardwareandsoftwareavailablein 1990)andthenevolving the
RepresentationNetwork to reflectshiftsin thetechnicalenvironmentwe cantestwhetherthetechniquesstandthetestof
time. If thissimulationshows theresourceis successfullypreservedandcouldberetrievedtoday, thenwecanassume
thatthepreservationof a resourcetodayusingthesametechniqueswouldensureit wasavailablefor at leasttenyears.In
this way thesesimulationsusethepastto inform thefutureof digital preservation.Obviously, theassumptionis also
madethatnew inroadsdevelopedin digital preservationwould beadoptedandthis would againaddto thelongevity of
thearchival holdings.As well ascontentfrom the“current” technologytheCedarsprojecthaspermissionto usesome
materialsfrom earlier, now obsolete,systems.Theseincludesoftwarefrom theBBC microcomputerandfrom the
George3mainframesystem.Cedarsis alsoworking closelywith theCAMiLEON project32 andits studyof using
emulationasa strategy for digital preservation.

While it maybetautological,it is worth mentioningthatthepastalsoinformsusof techniquesthatarea badideato
adopt.Thatis why SignificantPropertiesneedto beidentifiedbeforeany non-reversibleapproachesareapplied.

32Creative Archiving at MichiganandLeeds,EmulatingtheOld on theNew (www.si.umich.edu/CAMILEON/)
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3.8.1 BBC Micr oelectronicsEducation Programme(MEP)

Cedarshastwo resourcesthatwereusedaspartof theBBC Microelectronicseducationprogramme.Bothof thesewere
from 1986,anddevelopedin theWestandNorth Yorkshireregionof MEP. Theoverallprogrammeranfrom 1983
throughthemid 1980sandusedtheBBC microcomputer, whichwasthenbeingestablishedin mostschoolsin theUK.
TheMEP coveredawide rangeof subjectsrangingthroughouttheprimaryandseniorschools.

TheBBC microcomputeris an8-bit computerusinga 6502centralprocessingunit. Thiscomputerhadbetween
32Kbytesand64Kbytes.While it is not a completelyobsoleteplatform,thehardwarehasnot beenmanufacturedfor a
decadeandworking examplesarebecomingdifficult to find.

Thefirst resource,“Kitchen Plannerin 3D”, presentedimmediatedifficultiesfor long-termpreservation.While the
handbookcanberead,PDI metadataassigned,andsomeRI metadata,the51/4 inchdisk (80 track,double-sided)cannot
beread.Unlessameansto readthedisk canbefound,or anothercopy of theresourcefound,thepreservationeffort
startedtoo lateandtheresourceis lost. Themetadatawithout theresourceis of limited value.

Thesecondresource,“HumanDigestionSimplified”, consistedof two 51/4 inchdisks(both40 track,single-sided).
Fortunately, thesediskswerereadsuccessfully. ThiswasdoneusingaBBC microcomputerwith a twin diskdrive. Once
thesediskswereread,theUnderlyingAbstractForm(UAF) of thedataon theseneededto bemappedinto a bytestream.
A Serial � RS-423cablewasbuilt to allow datato bespooledfrom a BBC disk to a PC.Thiswasusedto detachthe
SignificantPropertiesof theUAF (aBBC disk imagein this case)from the51/4 inch mediaandmaptheminto a
bytestreamon thelocal network. Theprocessis reversible,sothedatacanbesentbackto theBBC andwritten to a
51/4 inchdisk if necessary. At themomentwesuspectthatoneof the51/4 inchdisksis now unreadable,sothis resource
waspreservedonly just in its availablelifetime.

The“HumanDigestionSimplified” resourceis amulti-mediaworkbookintendedto guideapupil throughthebiology of
thehumandigestivesystemand,at theendof eachlearningsection,testtheknowledgeof thepupil. Dueto the
complexity of this resource,thebestway (currently)to adequatelyaccesstheintellectualcontentis throughanemulator.
TheCAMiLEON projecthasusedthis resourceto testseveralemulators,andalsowrittena discussionpaperthat
explorestheimplicationsof migrationstrategiesfor this resource(comparedto otherclassesof resource).33

3.8.2 George3

We havea numberof objectsthatareimagesof datatakenfrom a systemin wideusein the1970s.Thedatafor eachof
thesewasthecontentsof a magnetictapefrom theGeorge3system.Thissystemwasin widespreaduseon multi-user
computers(ICL 1900)in the1970sandearly80s.Althoughthemachinesandtheir architecturedonot exist any more,
we haveanemulationthatallowsaccessto theintellectualexperienceof 1970scomputation.

Threeparticulartapeshavebeenfully archivedandextensiveRepresentationInformationbuilt thatenablesthemto be
renderedona currentplatform.Thecontentsof thesetapesis plain text data,but representedin ICL 6-bit characters,and
packagedin anICL proprietarydataformat.

Eachof thesehasbeenpreservedasanAIP containinga tapeimage,which canbeextractedvia theCEDARSgateway.
Two of thetapeshold thesourcecodeof thesystem.This arrangementpreservestheform in which theoriginal source
text wasissuedto installationsrunningGeorge3.Thedatahasbeenpreservedasa byte-for-byteimagesof thetwo tapes.
It is possibleto recreateacopy of theoriginal thatwould work with a realICL 1900,if westill hadany of them(but we
do haveanemulation).

For today’saudience,we alsohavetoolsin theRepresentationNetwork thatcanrenderthesourcetext from theseAIPs
into ASCII (handledeasilyby moderncomputationalplatforms).Thetool is storedin theRepresentationNetwork asa

33Wheatley, P. “Migration – aCAMiLEON discussionpaper”www.leeds.ac.uk/CAMiLEON
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Render/Analyse/ConvertEngine,andis availableasa sourceprogramwritten in C. TheRepresentationInformationfor
this sourceprogramdescribeshow to generateanexecutableprogramona currentplatform.Both tapescanbevisualised
in ASCII by usingthisexecutableprogram.

A third tapefrom theICL George3systemis a tapeholdinga systemdumpfrom thesystem,originally obtainedin the
system’sconventionalmanner(by writing a file ontomagnetictapein anICL specificformat).Thiscanbeaccessedand
printedin thesamemannerastheothertwo tapes.This is indicatedby theresourcereferencingthesamenodesin the
RepresentationNetwork.

This methodof preservationpreservestheoriginalway thata userwould accessdigital information,eventhoughthat
informationhasbeenheldin a form thatis no longercurrent,by appropriaterenderingtools.Becausethetoolsare
simpleandwritten in widely availablelanguages,andarestill availablein sourcecodeform, thesetoolsneedlittle (or
no) modificationto makethemavailableon currentplatforms.

As well asthethreetapesdescribedabove,Cedarsalsohasseveralothertapesfrom theGeorge3system.Theseareof
variouskinds.Thesedid not containasimpledatastructureandplain text, howeverwe havebeenableto preserve the
datafrom them.To readthemwe needto usetheGeorge3emulationsystem.

3.8.3 CAMiLEON and Domesday

TheCAMiLEON projectis focusingon investigatingemulationasa strategy for digital preservation.Theprojectis
looking at two computersystemsfrom the1980s,theBBC microcomputerfrom theUK, andtheApple II from theUSA.

As partof their investigationsthey arelookingat theCedarsresourcesfrom theMEP, andarealsolooking athow
appropriateemulationis for differentcategoriesof digital resources.Thefirst phaseof usertestingin CAMiLEON
lookedat thepreservationof a classic2D platformgame.For thelong-termpreservationof their resources,CAMiLEON
is usingthetechniquesdevelopedfor theCedarsdemonstratorandis storingits AIPs containingresourcesat theLeeds
site.

Oneresourceof hugeinterestin theUK is theBBC Domesdayvideodisk.CAMiLEON is working in consultationwith
Cedarsto designamethodto preserve this material.This resourceusedaBBC microcomputerto controla videodisk
player, with severalmulti-mediaapplicationsacross4 sidesof 2 videodisks.34

In keepingwith Cedarsstrategy of usingopensourcetoolsto renderAIPs,CAMiLEON aimsto developanemulator
writtenwell in a new opensourcelanguagecalledC–.35 WherepossiblefindingsaresharedbetweenCAMiLEON and
Cedarsto improvethepreservationtechniquesof bothprojects.

3.9 Recommendations

While looking atall of theaspectsof implementinganarchive for in-perpetuitypreservationof digital material,it is easy
to becometoo concernedwith trivia andminutiaeandmissa singlestepthatmakesthewholeprocesssimpler. For that
reason,it is importantto understandtheconceptsunderpinningthischapterratherthanjustusingtherecommendations.

3.9.1 GeneralRecommendations

1. Build thearchivesothatit canbeeasilyincorporatedandinteroperablewithin a largerdistributedfederationof
archives

34Finney, A. “Domesday”www.atsf.co.uk/dottext/domesday.html
35Holdsworth,D. “Emulation: C-ing Ahead”www.leeds.ac.uk/CAMiLEON/
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2. Adopta standardfor uniquenames.Assignmentof namesandmaintenanceof themis of paramountimportantto
preservation

3. Alwaysmakea decisionbeforediscardinganything (includingmetadata)– neverdiscardby default

4. Metadataspecificationsshouldbeextensiveandallow for freetext commentary

5. Identify whichelementsof metadatamaychange,andwhichwill remainstatic

6. Choosetheright structuralformalismfor eachcomponentof theAIP. Generallysimplestis best(e.g.XML for the
PDI). Also chooseagoodformalismto packtheAIP.

7. Testthearchiveandits interfacewith likely usersof thesystem

3.9.2 IngestRecommendations

8. SignificantPropertiesneedto beidentifiedandclearlyunderstoodprior to ingest

9. Choosethehighestlevel of abstractionthatdiscardsnosignificantinformation

10. Usefreewareandopensourcetoolswherepossible,especiallyto mapbetweenthebytestreamandtheUAF.

11. Standardformatsarepreferable,althoughwell documentedproprietaryformatsarebetterthannon-documented
formats

3.9.3 StorageRecommendations

12. Long-termpreservationstorageshouldbekeptdistinctfrom access

13. Makesurethatstorageprovidersmeetminimumservicerequirementguarantees

14. Usea formalismthatallowsAIP to beself-standing.Keepmetadatahumanreadablewherepossible

3.9.4 AccessRecommendations

15. Preserve thetoolsandmonitortheGödelendsof theRepresentationNetwork

16. Whereopensourceprogramsareusedfor renderingtoolsandothersemantictools,thisalsoservesasagood
documentfor theformatdescription

17. Monitor availabletechnicaloptionsfor providing access
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Chapter Four : Preservation Issuesfor Managersof
Digital Collections

4.1 Intr oduction

As is clearfrom work donein TheCedarsProject,thechallengespresentedarenot limited to technicalconcernsand
challenges.Eventhetechnicalissuescannotbefully understoodwithoutsomereferenceto collectionmanagement
policies,skills requirements,intellectualpropertyrightsor costs.Althoughthetechnicalissuesremainkey ones,many of
theorganisationalandmanagementissuesareasimportantandoftenequally(if notmore)complex.

Preservationof digital materialscannotbeconsideredasanisolatedactivity conductedby a singleisolateddepartment
within anorganisation.Digital preservationneedsto beanintegral partof digital collectionmanagementandmust,
therefore,beincorporatedinto theoverallmanagementof anorganisation’sdigital assetsfrom acquisitionthroughto
preservation.Two critical reasonsfor this are:

1. Becausedigital materialsrely on technologythatrapidlybecomesobsolete,their preservationmustbeconsidered
at thetimeof creation(ideally)or uponacquisitionto thecollection.Preservationdecisionsfor digital items
cannotwait until their continuedutilisationhasprovedtheir value.Delaysin takingpreservationdecisionscan
(andmostoftenwill) resultin makingthesedecisionsharderto implement.

2. Becausepreservationandmanagementof digital materialswill involveexpenditure(especiallyin theshortterm),
integrationof preservationinto theeverydaymanagementandorganisationof thelibrary or archivewill ensurethe
necessaryskills andknowledgeareembeddedwithin theorganisationandachievemoreeffectiveeconomiesof
scale.

Thecostsinvolvedin digital preservationarenot easyto establish,andthis is discussedin detail in Chaptersix.
Preservationof digital materialswill impacton many areasof anorganisation,includingfinances,staffing, selectionof
material,andintellectualpropertyrights.

4.2 Staffing For the Preservation of Digital Objects

For many librariesandarchivesassumingthepreservationresponsibilityfor digital materialsmeansre-examining
existing resourceallocation- bothfinancialandhumanresources.Work on theCedarsProjecthasshown thatas
organisationsacceptandunderstandpreservationmanagement,it is oftentheadditionalskills andexpertiserequirements
thatarethemostdaunting.It is oftenunclearto whatextentthis expertisewill comefrom existingstaff within the
organisation(eitherre-deployedor re-trained)andto whatextenttheorganisationmayneedto hire or outsource.

Institutionswill needto haveaccessto variousskills:

� to assistin theselectionof themostappropriateformat,whencreatingor preservinganobject;

� to createandeditmetadata,in a form which is compatiblewith existing resourcediscoverysystems,andwhich
supportsthefunctionsof thestoreddigital object;

� to assistin theselectionof theSignificantPropertiesof anobject(seechapterthree);

� to managea technicalpreservationprogrammewhichensurescontinuousaccessto thestoredobjectsasamanaged
collection;
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� to assistin theselectionof physicalstorageoptions;

� andto regulatescholarlyaccessto thearchive,governedby currentIntellectualPropertyRight legislationandlegal
precedent.

In addition,institutionsmayneedto employ theskills to negotiatetheright to preservedigital objects,andto draft and
exchangeagreementswith thevariousholdersof intellectualpropertyrights;to validatethecompletenessof theobjectto
bepreserved;andmany otheraspectssuchasplanningtheinstallationof successivegenerationsof Preservationsystems.

4.3 The importance of Collection Managementguidance

Goodvegetableink, ongoodacid-freepaper, storedin acool,dry, darkroom,will lasta thousandyears.36 Vellumwill
last longer. Ink on paperis verystable.If, however, we takea digital object,storedon any kind of medium,andput it in
a darkroom,walk away, andcomebackin perhapsfiveyears,we will probablynot beableto usethedigital object.
Eitherthemediumwill havedeteriorated,or thehardwareto readthemediumwill havebeensupercededor broken,or
thesoftwareto interprettheinformationon themediumwill havebecomeunavailable.To ensurepreservation,we will
haveto actively employ anongoingrolling programmeto transferthedigital objectto new platformsandmedia.Thereis
a differencebetweenbenignneglectandserendipity.

Collectionmanagementpoliciesfor digital materialswill beakin to thoseusedfor any othertypeof material.Current
library staff canmodify existing policiesto ensurethepreservationof digital objects.Thesameskills neededto develop
effectivepoliciesfor subjectareascanbeusedto modify currentcollectionmanagementpoliciesto ensurepreservation
of digital objects.As hasbeensaidof digital preservation:

theskills and judgementdevelopedin preservationprofessionals– theability to discover theoriginal form of an
objectandtheintentof its creator, andto prolongthelife of theobjector returntheobjectsasnearlyaspossibleto
its stateat thetimeof its creation– are preciselythesameskill setsthatareneededfor thefuture, albeitpractised
in a radically differentcontext.37

Thepreservationresponsibilitiesof aninstitutionarebasedon its positionin a local structure,or on responsibilitiesdue
to membershipof regionalor nationalbodies.Eachinstitutionneedsto decidewhichsubjectsit specialisesin, andwhich
subjectsit is responsiblefor. This includesbothcurrentsubjectholdingsandsubjectholdingstheinstitutionwishesto
develop.This will dependbothon local needsandon regionalor nationalagreements.

� Eachinstitutionwill needto determinewhatresponsibilitiesit is seenashaving by internalandexternalbodies.
They will alsoneedto discoverwherethedigital objectswhichneedpreservingare,andusea typology(see
Appendix3) to classifythem.

� Onceresponsibilityhasbeenaccepted,it hasto bedecidedwhethertheorganisationwill carryout thepreservation
itself or useanoutsidebodyto preserve theobject.38

� An institutionwill haveto take responsibilityfor thepreservationof materialproducedby theinstitution,andmay
needto take responsibilityfor thepreservationof commerciallypublishedmaterialof importanceto theinstitution
which fallsoutsidelegislationguidelines.

� An electronicrecordsmanagementpolicy, whichflagssignificantdocumentsearlyin thelifecycleof the
document,will easetheselectionof digital objectsfor preservation.

36Wherethehypotheticalroomsurvivesfor a thousandyears
37Smith,Abbey, “Preservationin theFutureTense”in CLIR IssuesNumber3, May/June1998WashingtonD.C.CouncilonLibrary andInformation

Resources
38If legislationfor thedepositof publisheddigital materialis introducedin theUK, legaldepositlibrarieswill preserve somecommerciallypublished

material.However, somecommerciallypublishedmaterialmayfall outsidelegislationguidelines.
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 Whereaninstitutioncannotor will notpreserve thedigital objectfor which it is seenashaving responsibility, it
needsto ensurethata reliablestructurefor preservationof theobjectis available.

 Thepreservationof publishedmaterialmaybeundertakenby anindividual institution,or by agroupof institutions
which feel thatpreservingsuchanobjectis important.

 Largergroupingsmaybeappropriatefor preservationresponsibility. It seemslikely, thatin suchanevent,CURL
librarieswill bekey players.

4.4 Intellectual Property Rights

Thissectionaimsto assistlibrariansandarchivistswhenthey needto addresstheintellectualpropertyrightsissueswhich
ariseduringdigital preservationactivities. Digital preservationactivities mayincludeactionswhich infringe intellectual
propertyrights.Cedarsoffer suggestionsandadvicewhicharisefrom theCedarsexperience.Thesewill look atgeneral
rightsissuesin theUnitedKingdom,with anemphasison copyright, rightsnegotiation,andpreservationlicenceissues.

4.4.1 GeneralRights Issues

4.4.1.1 What is Copyright?

Copyright canbethoughtof asabundleof economicrightsandmoralrights.Thebasicframework of theserightsis
statutory, althoughtheexplanatorycaselaw is of greatimportance.

Copyright cancovermany typesof creativeeffort, whichmayincludeplays,paintings,soundrecordings,andthe
typographicalformatof certainpublishededitions.Severalcopyrightsmaysubsistsimultaneouslyin asingleitem,and
careshouldbetakento establishtheexactnatureandownershipof each.

For example:

1. The words of a songwill be protectedas a literary wok, and its music as a
musicalwork: thesecopyrights might be held by differentpeople,andmight
havedifferentcommencementandexpiry dates.

2. In a book of essayscontributedby different authors,eachessaywould be a
separateliterary work, thecompilationitself would alsobeprotected,aswould
thetypographicalformat.

3. In a multi-mediadigital object,eachof thecontentelementsmaybesubjectto
separatecopyrights,andtherightsmight beownedby differentpeople.

Theusualtermof protectionfor copyright is 70 yearsfrom theendof theyearof thedeathof theauthor.
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4.4.2 Other Rights Issues

4.4.2.1 Rights in Databases

Certaindatabases,which by reasonof theselectionor arrangementof their contents,constitutetheauthor’sown
intellectualcreation,areprotectedby copyright asa literary work.

A new right, calleddatabaseright, to preventunauthorisedextraction,hasbeenintroducedfor all databases,whetherthey
enjoy copyright or not. Databaseright applieswheretherehasbeena substantialinvestmentin obtaining,verifying or
presentingthecontentsof thedatabase.Thetermof protectionin thiscaseis only 15 years,but mayberenewedif there
is asubstantialchangeto thedatabase.Therefore,in principle,thedatabaseright canlastindefinitely.

4.4.2.2 Legal Deposit

Legislationrequiringlegaldepositof publisheddigital objectsis underdiscussionin theUnitedKingdom.A voluntary
depositschemefor publisheddigital objectsis beingusedto exploretheissuesinvolved.

Legislationin theUnitedKingdomfor thelegaldepositof publisheddigital objectswill not solveall digital preservation
rightsproblems.Many librarieswill still needto negotiaterightsfor thepreservationof commerciallypublishedmaterial
which is of importanceto their institution,sinceit is certainthatsomedigital objectswill fall outsidethelegislative
boundariesfor compulsorylegaldeposit.

4.4.2.3 EuropeanUnion Copyright Dir ective

At thetime of writing (March2001)adraft EuropeanUnionCopyright Directive is currentlybeingnegotiated.This
directive is likely to changewhatlibrariesareallowedto do in orderto preserve itemsundercopyright.

TheproposedDirectiveseeksto offer protectionto copyright workswherethesearedistributedelectronically. Theaim is
to facilitatecrossbordertradein copyright works.MemberStateswill bepermittedto applyvariousexemptionsfrom
thebasicrestrictionsoncopyright, althoughthey mayalsohave to providefair compensationfor copyright owners.

Thedraft Directivepermitsmemberstatesto limit thecopyright owner’sexclusiveright of reproduction“in respectof
specificactsof reproductionmadefor archiving or conservationpurposesby establishmentswhich arenot for director
indirecteconomicor commercialadvantage,suchas,in particular, librariesandarchivesandotherteaching,educational
or culturalestablishments.”39

It is not yet clearwhethertheUnitedKingdomintendsto takeadvantageof this exemption,or, if it does,whatform such
anexemptionwould take. Thewordingof any exemptionwill bea contentiousmatter, andconsiderablelobbyingfrom
all affectedpartiesis to beexpected.

Until theseissuesareresolved,Cedarscando no morethanflag theapproachingdebate.

4.4.3 Who Owns the Copyright for This Work?

Thebasicprincipleis thattheauthorof a work is thefirst ownerof any copyright in it. Themainexceptionis wherea
work is madeby anemployeein thecourseof employment,wherethecopyright is first heldby theemployer. This may

39Article 5(2)(c).
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not necessarilybethecasefor work producedby scholarsemployedin institutionsof highereducation.Copyright may
betransferredto othersin subsequenttransactions.

4.4.4 HasCopyright BeenInfringed?

Thecopyright ownerhastheexclusiveright to do certainacts,includingcopying thework, andrentingor lendingthe
work to thepublic. Infringementoccurswhenapersondoes,or authorisesanotherto do,oneof therestrictedacts,to all,
or a substantialpartof thecopyright work, without thelicenceof thecopyright owner.

4.4.4.1 Copying

Copying involvesreproducingthework in any materialform. For films andTV programmescopying includesa
photographof any image.Thiswould include,for example,postersandpostcardsof asingleframe.

4.4.4.2 Lending

Lendingcanbethoughtof asmakinga copy of thework available,throughanestablishmentwhich is accessibleto the
public, for useby a person,withoutcharging thepersonwho is borrowing thework. Certainlibrarieshavespecial
privilegesregardinglending,aswill beexplained.

4.4.4.3 Renting

Rentalcanbedefinedasmakinga copy of thework availablefor useby a person,andchargingthepersonwho is renting
thework.

4.4.5 Is Therean Excusefor the Copyright Infringement?

Copyright law hasto balancetheinterestsof thecopyright owneragainsttheneedsof thepublic for accessto copyright
material.Someacts– whichwouldotherwiseconstitutebreachof copyright – areallowed.Someareexpresslypermitted
by statute.Theseareknown aspermittedacts.Otherpermittedactshavedevelopedatcommonlaw.

4.4.5.1 General– fair dealing

Fair dealingwith certaintypesof worksfor thepurposesof researchor privatestudydoesnot infringe copyright in the
work. Fair dealingwith databasesis notpermittedfor commercialresearch.Therearesimilar provisionsto allow fair
dealingfor thepurposeof criticismor review, andto allow thereportingof currentevents.

Therulesarefoundedin statutelaw, but thecaselaw is of considerablesignificancein determiningtheboundariesin
eachcase.
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4.4.5.2 Education and libraries

Theprovisionsdealingwith educationalestablishmentsandlibrariesexemplify theAct’sattemptto balancetheinterests
of thecopyright owneragainstthelegitimateneedsof thepublic. We will discusscertainprovisionsof particular
relevance.

4.4.5.2.1 Libraries

Only prescribedlibrariesbenefitfrom theseprovisions.Librariesareprescribedby statutoryinstrument.For example,all
universitylibrarieswill beprescribedlibraries.

Copying Undercertainprescribedconditions,prescribedlibrariesmaymakecopiesof articlesin periodicals,andof
partsof publishedworks.Theseconditionsincludethelibrarian’sbeingsatisfiedthatthecopiesareonly supplied
to personsrequiringthemfor thepurposesof researchandprivatestudy.

Lending Copyright in a work is not infringedby thelendingof copiesof thework by aprescribedlibrary or archive
which is not conductedfor profit.

Thereis no similarexceptionfor rental,soit is importantthatlibrariesshouldnot inadvertentlyor deliberatelycharge
sumswhich convert lendinginto rental.

4.4.6 Rights Negotiation for Submission

Preparing for Negotiation

1. Discoverwho canauthorisethepreservationof thedigital objectin question.Obtainaccuratecontactdetailsfor
this person,takinginto considerationthepossibilitythattheremaybeseveralrightsowners.

2. Discoveranddocumentactionsoneneedsto beableto take in orderto preserveaccessto theintellectualcontent
of thedigital object.

3. Findout why thepersonwho couldauthorisea requestto preserveanobjectmight refuseto do so.Prepare
reasonedarguments,andexplanationsof technicalpreservationmethods,to persuadethemthatauthorising
preservationwill not causethem,or their institution,commercialharm.

4. Requestpermissionto preserveaccessto theintellectualcontentof thedigital object.

5. Keepdetailedrecordsof all stepsin thenegotiationprocess.
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Sampleletter
Sendingthis lettermaybesufficient in orderto obtainrightsto preserveanobject. If
therightsownersagreeto the termsin this letter, the institutionwill beableto carry
out any actionsnecessaryin orderto preserve thedigital object.

Dear(nameof negotiatorfor ownerof rights)

In orderto ensurecontinuedaccessto the (nameof the digital object),(nameof the
archiving institution)requestspermissionto preserve the(nameof thedigital object)
in a digital preservation archive. The sole reasonfor preservation of the (nameof
thedigital object)is to ensurecontinuedaccessto thedigital objectin thelong-term.
Accessto theobjectwould continueto begrantedonly in accordancewith theterms
of applicablelicences(if any), andin accordancewith prevailing law.

I would be happy to answerany further questionsyou may have, and may be
contacteddirectlyat theaddressbelow. I look forwardto hearingfrom you.

Yourssincerely,

(Nameandcontactdetailsof negotiatorfor archiving institution)

We maybesavedall this troublein somecases,becausepreservationlicencesmaybenegotiatedwith rightsownersby
nationalhighereducationbodies.

If therightsownersareunwilling to agreeto a licenceon thetermsindicatedin this letter, thenanindividually drafted
licencewill have to benegotiatedbeforepreservationcantakeplace.This will allow usto takeaccountof theparticular
concernsof therightsowners.This bringsusto thelicensingagreement.

4.4.7 The LicensingAgreement

4.4.7.1 The Ar chiving Institution

Thearchiving institutionshouldseeka licenceallowing it to takeall necessarystepsto preserveaccessto theintellectual
contentof thedigital object.Thenatureof thesestepsshouldbeclearlyspecified.They will includethetechnicaland
otheractionsdefinedin pre-negotiationpreparation.It maybehelpful to reiteratethatthearchiving institutiondoesnot
seekany alterationto theexisting conditionsunderwhich anauthoriseduseris givenaccessto thedigital object,andthat
thesewill continueto berespected.

4.4.7.2 Points for Consideration

Thefollowing generalpointsshouldbeconsideredwhena licenceis beingdrafted.Thedetaileddraftingof thelicence
shouldbecarriedout with theassistanceof a legaladvisor.

1. If thedigital objectis protectedby intellectualpropertyrights,thearchiving institutionmustseeka licencebefore
any attemptto preservethedigital object.
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2. During thepreservationprocessthearchiving institutionmayneed,for example,to store,translate,copy, or
re-arrangetheelectronicform of thedigital objectto ensurepreservation.Careshouldbetakento ensurethatall
actionsnecessaryfor thepreservationprocessarepermittedunderthetermsof thelicence.

3. If necessary, it is possibleto draft avery limited licencewhich allowsaccessfor thepurposesof preservationonly,
andfor no otherpurposes.

4. It maybeappropriateto displaya noticeto authorisedusersaccessingthepreservedobject.Thenoticecouldwarn
themof therightsstatusof theobject,or permittedactions,or both.

5. Rightownerswill beconcernedto ensuretheintegrity of thedigital object.Thearchiving institutionneedsto
considerthetechnicalandadministrativemeansby which this canbeguaranteed.An institutionwhich wishesto
preservedigital objectswill haveto respondin a flexible mannerto theneedsof therightsowners.

4.4.8 Summary of IPR Issues

An institutionshouldensurethatpurchaseof adigital object,or thelicenceto useit, includestheright to preserveaccess
to theintellectualcontentof thedigital object.It mayneedto negotiatetheright to preservea digital object,andit must
maintaincurrentinformation,relatingto theownersof intellectualpropertyrightsin thepreserveddigital object,in the
metadataconcerningthepreserveddigital object.

In orderto ensurethepreservationof digital objects,librariansandarchivistsmustconsidertherelevantaspectsof
currentintellectualpropertyrights.They will haveto assuretherightsownersthatthecommercialvalue,andthe
integrity, of thepreserveddigital objectwill notbelost. By attendingto rightsissues,they will reducerisk for their
institutionsandencouragethepreservationof digital objects.

4.5 Selectionof Material for Digital Preservation

It is difficult to discusspreservationmanagementfor digital materialswithout referenceto how materialswill bechosen
for long-termpreservation.Althoughmassstoragetechnologyis advancing,allowing moredatato bestoredfor lower
costs,thesheervolumeof digital materialcreatedmeansdecisionsneedto betakenaboutwhatis preserved.Currently,
selectiondecisionsshouldbepragmatic.Thedecisionshaveto bebasedupontheestimatedvalueof thematerial,the
costof storageandsupportmechanisms,andtheproductionof metadatato supportthematerial.

4.5.1 Basedon What Criteria?

Selectionof materialhasalwaysbeena fundamentalelementin collectionsmanagement.For traditionalmaterialsfor
instance,differenttypesof materialareselectedfor differentreasons– e.g.paperbackcopiesmightbeselectedfor access
purposes(wheretheireventualdestructionthroughuseis a given)while a leatherboundhardcopy of thesamework
would bechosenfor thepurposesof long-termretention.Librariesandarchivesarebothfamiliarwith thesedecisions.

Althoughlibrarieswill notchooseto preserveeverything,they arestill in theprocessof identifyingwhatto preserveand
whatto ignore.We know thatthereis somedigital materialthatis

! currently“high use”

! thetypeof material(typically commerciallypublishedscholarlyworks)thatwewouldexpectto preserveif it were
publishedin traditionalprintedformat

! tied to thelong-termor culturalinterestsof theorganisation.
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Explanationandcaveatsneedto bemade.

4.5.1.1 High Use

As a startingpointpreservationof materialneedsto includematerialwhich is of highvaluenow. Materialwhich is
currentlylow useandmayhavea longperiodof low/no useafterpreservingmayrepresentaninvestmentin preservation
thatanorganisationis not willing to take. Librariesshouldbeconcernedwith identifyingHigh Usematerialsandtaking
safeguardsto ensurethey arepreserved.It hasto berecognisedthatlow usematerialsmaybevaluedin thefuture.Hard
decisionsmayneedto betakenaboutwhatis systematicallykeptandwhatis not.

At present,thereis materialwhich is purchasedby organisationswith a view to a “short lifecycle” – materialfor which
demandis expectedto be(possiblyvery)highbut for only a relatively shortperiodof time. Therearealsoof course,
materialsboughtwith a view to retentionanduseover thelong-term.

4.5.1.2 Cultural Inter estsof the Organisation

Selectionfor preservationwill needto becloselytied to thelong-termresearchor culturalinterestsof theorganisation.
Wherepossible,selectionof materialsfor long-termpreservationshouldreflectthebroaderinstitutionalmissionif policy
makersandpaymastersareexpectedto includedigital preservationon thestrategic agenda.

Althoughlibrariescurrentlyapplyselectioncriteriafor acquisitionsand(increasingly)for digitisationwemustavoid the
pitfallsandlimitationsof policieswhichwork for printedmaterialsbut maynot beappropriatefor new digital materials.
Despitethis fact,it is undoubtedlyusefulfor institutionsto learnfrom existingpolicies.40 Digital materialsoftenextend
far beyondthescopeof traditionalmaterialsand,asoursocietybecomesincreasingly“informationalised”,digital data
will continueto grow exponentially.

Considerthe datathat is collectedeachtime you visit a supermarket: in future, this
informationcouldbeof realvalueto researchersstudyingoursocietyasconsumers.

Whowill storethis potentiallyvaluableresearchdata?

If selectioncriteria arebasedtoo muchon currentresearchinterestsandneedswe
couldstandto losea greatdealof valuabledata.

Whatmaterialwill scholarswill beusingin 20 yearstime?

It couldbe interestingto askcollectionmangersto look at a particularresearchcol-
lectionwithin their purview andaskthemto imaginewhatresourceswill beincluded
in thatcollectionin 20 yearstime.

40Suchasthe selectioncriteria usedby the NationalLibrary of Australiafor their PANDORA projectandUK basedwork ongoingat Oxford on
selectionof materialfor digitisation. Policiesalsoexist for many of theresearchcouncils(e.g.NERC)andfor theArts andHumanitiesDataService.
Librarianscanalsolearnagreatdealfrom thepoliciesin placein otherarchivesor repositories(e.g.thePublicRecordOffice).



TheCedarsProjectReport(April 1998–March2001),June2001 55

4.5.2 Why is Selectionof ResourcesDifficult?

Becausethedigital futureis sopotentiallyvolatileandunpredictable,it is verydifficult to makevaluejudgementsabout
digital materials.However, if discussionsaboutdigital preservationbegin by trying to considereverythingit canbe
overwhelmingandmayinhibit any actionat all. A balanceneedsto bestruckbetweenwork thatis achievableandwork
thattakesinto accountthebroaderpictureandis, therefore,applicableandscaleableto differentsituations/materials.

Thereis a pressingneedfor someactionnow. Thereactiveapproachthatmany librariestake to theacquisitionof digital
materialmaybedangerouslyshortsighted.In aprint environment,adecisionto acquirecanbeimplicitly a decisionto
preserve. However, for non-digitalmaterialsgenerallylibrarieshave theluxury of makinga separatepreservation
decisionlater. Somekey pointswith respectto digital materialsare:

" Acquisitionandpreservationneedto becloselylinkedbecauseif a preservationdecisionis notmadeat thetimeof
acquisition,it maybetoo lateto considerpreservingit lateron.

" Therearerisksassociatedwith makingacquisitionsdecisionsbasedsolelyon thedesirefor immediateaccessto
thematerialratherthanalsoconsideringthelong termview andlong termaccess.

" Decisionsaboutformatfor depositandarrangementsfor licensingmaterialwill needto considerpreservation
issuesat thetime thematerialis acquired.For example,if a library agreesto a licencewhich is basedonaccess
only, it mayfind thatwhenthelicenceexpires,thereis little, if any, scopefor preservingthematerialto provide
long-termaccessfor scholarsof thefuture.

" Ownershipof digital materialis sometimesdifficult to understand.Responsibilityfor preservingmaterialhas
traditionallybeeninextricably linkedto ownership.If we aren’t clearon whoactuallyownsa resource,it standsto
reasonthatresponsibilityfor its preservationis uncertain.

4.5.3 How Can WeSelect?

Discussionsabouthow materialshouldbeselectedinvariablyrelateto therole of theorganisationandthelevel of
responsibilityinstitutionstake regardingparticulardigital materials.Understandingtherole andthereforethe
responsibilityeachorganisationtakesin relationto resourceswithin its collectionis akey factorin moving forwardwith
digital preservation.Oneapproachto theselectionof resourcessuggeststhatthedecisionsshouldbedrivenby thetype
of digital assetto beconsidered.An auditof aninstitution’s resources,for example,might includedetailedconsideration
of whatmaterialthereis basedon thefollowing initial assessment:

" Whatmaterialis ownedby theorganisationthroughpurchaseagreements?

" Whatmaterialis createdby theorganisation?

" Assetsrelatedto themanagementof theorganisation(e.g.electronicrecords)

This initial assessmentwould thenbefollowedwith considerationin all of theabovecategoriesof whatwill bearoundin
future.Thefollowing criteriacouldbeappliedto this inquiry:

" Financialvalue

" Legalvalue

" Valueto theorganisation’sbusiness/mission
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# Valueto others

All organisationsarelikely to includeresourcesin thefirst threebroadcategories(owned,createdetc.)andwill bewell
placedto analysetheir futurevaluebasedon thecriterialist provided(financial,legalandsoforth). Following on from
this examination,organisationswould needto engagein adetailedcost/benefitanalysiswhichshouldfocuson the
inherentrisksif materialis not preserved.

Digital preservationis anissuefor morethanjust librariesandthismustbereflectedin any digital archiving model.
Althoughtraditionallythecuratorialprofessionshavekeptseparateagendas(for reasonsoftenassociatedwith funding)it
is time to bringarchives,libraries,museums,galleriesetctogetherto developa sharedagendafor long-termpreservation
of digital materials.In any modelfor thepreservationof resources,thereareeconomiesof scaleassociatedwith a
consortialapproach.Existingco-operativeorganisationssuchasCURL andRLG arepotentiallyin averypowerful
lobbyingpositionto mobilisetheresearchcommunityaswell asthepolicy makers– actionmustfocusonbothlevels.

4.6 Recommendations

1. Furtherwork needsto bedoneon criteriafor selectionof material.However this cannotbedonein isolation,This
will needto bepartof aprogrammeof digital preservationpolicy development– selectioncriteriashouldreflect
theoverallaimsof collectiondevelopment.

2. If thereis materialwhich is currentlyof highusewhich is at risk of beinglost, librariesshouldbeconcernedwith
identifying thatmaterialandtakingsafeguardsto ensureit is preserved.

3. Effort investednow will make it possibleto save ourwaningdigital heritage.
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Chapter Five : TechnicalStandardsand Related
Guidance

5.1 Intr oduction

Digital preservation,asadiscipline,is in desperateneedof standardsandguidelines.This will allow for consistent
preservationactivities andconfidencethatpreviousmistakesmadeby otherswill beavoided.Most digital preservation
solutionsto-datehavebeenbuilt in anadhocmannerto meetspecificinstitutionalneeds.Cedarshasattemptedto
uncoverwhich strategiesareavailableand,wherepossible,to indicatetheshortcomingsor applicabilityof theseto a
goodlong-termpreservationarchive.

Theforemostsourceof ideasandterminologyusedby Cedarsis theCCSDSReferenceModel for anOAIS. ThisOAIS
modelis well conceivedandflexible enoughto allow themostsuitablesolutionfor adesignatedcommunity.

At this stageCedars,verydeliberately, avoidsproviding absoluterecommendationsor a stepby stepsolutionfor digital
preservation.TheCedarsprojectmaintainsthatsuchasolutioncanonly beachievedoncea goodunderstandingof the
issuesinvolvedandthepitfallshasbeengained.As such,it is bestthatinstitutionsstill wrestlewith this complex field so
thattheeventualsolutionwill ensurethatanAIP is keptin away thatmakesit usefulforever.

In this chaptertheCedarsmetadatafor digital preservationis outlined,andthenvarioustechnicalmethodsaregivenfor
ensuringthata preserveddigital resourcewill survive themarchof bothtechnologyandtime. By providing thecorrect
metadataandthecorrecttechnicalsolutions(andtheongoingarchival maintenance)anAIP cantruly remainaccessible.

5.2 Preservation Metadata

A majorcomponentof thework encompassedby theCedarsprojectwasthedevelopmentof a metadataframework to
enablethelong-termpreservationof digital materials.Thismetadatais requiredto supporteveryaspectof preservation
aswell asmeaningfulaccessto thearchiveddigital content.This metadataincludesdescriptive,administrative,
technical,andlegal information.A copy of thecompletemetadataspecificationdocumentcanbefoundin Appendix5.

5.2.1 Background

In 1998theCedarsprojectproducedapreliminaryreview of metadatainitiativesthatwereidentifiedasbeingrelevantto
digital preservation41. This review notedthatmetadatais neededfor digital preservation,regardlessof theparticular
preservationstrategy chosen.Clifford Lynchhasdescribedthefunctionof someof this metadata:

Within an archive, metadataaccompaniesand makes referenceto each digital object and providesassociated
descriptive, structural, administrative, rights management,and other kindsof information. This metadatawill
also be maintainedand will be migratedfrom format to format and standard to standard, independentlyof the
baseobjectit describes.42

TheOAIS modelhasidentifiedanddistinguishedvarioustypesof metadataneededto supportadigitally preserved
resource.Eachresourceis packagedtogetherwith its metadata,asanInf ormation Package. An InformationPackage

41Day, M. “Metadatafor Preservation” 1998http://www.ukoln.ac.uk/metadata/cedars/AIW01.html
42Lynch, C. “Canonicalization: A Fundamental Tool to Facilitate Preservation and Management of Digital Information” 1999

http://www.dlib.org/dlib/september99/09lynch.html
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combinestwo things:Content Inf ormation andPreservation Description Inf ormation (PDI). TheContent
InformationgroupsthePrimary Digital Object (thepreserveddigital resource)with RepresentationInf ormation (RI):
theRI is themetadataneededto retainmeaningfulaccessto thepreserveddataobject.ThePDI is sub-dividedinto
groupsof differentkindsof descriptivemetadata,sothatwhatthePrimaryDigital Objectactuallyis canstill be
understoodindefinitely.

5.2.2 The OAIS Structur e for Digital Preservation Metadata

Thegenericstructureof preservationmetadatain theOAIS modelis illustratedbelow in figure5.1(This is essentiallya
copy of figure3.3).
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Figure5.1: Hierarchystructureof metadatain theOAIS model

5.2.2.1 Content Inf ormation

Theinformationthatis theprimaryobjectof preservation.Containinga PrimaryDigital Objectandany Representation
Information(technicalmetadata)neededto transformthisobjectinto meaningfulinformation.

5.2.2.2 Primary Digital Object

This is thedigital resourceheldin abytestreamfor storagepurposes.Thiscontainsall of theSignificantPropertiesof the
originaldigital object.

5.2.2.3 RepresentationInf ormation

RepresentationInformationcontainsall themetadataneededto obtainandrendertheintellectualcontentof thestored
digital object.
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5.2.2.4 Preservation Description Inf ormation

Any otherinformation(metadata)whichwill allow theunderstandingof theContentInformationoveranindefinite
periodof time.

5.2.2.5 ReferenceInf ormation

Referencemetadatacontainsall identifiers(e.g.ISBNs,SICIs,UPCs) for theresourceandadditionalinformation
describingtheresource.Thisalsoincludesexisting cataloguemetadatarecords(e.g.MARC).

5.2.2.6 Context Inf ormation

Informationthatdocumentstherelationshipsof theContentInformationto its environment.This includeshow the
ContentInformationrelatesto otherContentInformationobjectsexistingelsewhere,aswell ashow it relatesto
non-archivedobjects(e.g.documentationor findingaidsor links to otherobjectswithin thecollection).

5.2.2.7 ProvenanceInf ormation

ProvenanceInformationis metadatathatdocumentsthehistoryof theContentInformation.This informationtells the
origin or sourceof theContentInformation,any changesthatmayhave takenplacesinceit wasoriginated,andwhohas
hadcustodyof it sinceit wasoriginated.For Cedarsthiselementalsocontainsinformationaboutthereasona resource
wascreatedandwhy it waspreserved.

5.2.2.8 Fixity Inf ormation

This elementwill beusedto provetheauthenticityof anArchivedInformationPackage,for example,by useof a
checksumor a digital signature.

5.2.3 Granularity Issues

It hasbeenwidely recognisedthatthemetadatarequiredfor long-termdigital preservationis complicatedby thelevelsof
“granularity” thatcanoccurwithin asingledigital objector collectionof objects.Metadatamaybeassigned,for
example,at thelevel of acompletedigital collection,a singledigital objector even(in thecaseof complex digital
material)at theindividualfile level. In partthegranularityof themetadatawill bedeterminedby thedigital objectitself
andthelevel of descriptionnecessaryto ensurepreservation,but it will alsobeinfluencedby collectionmanagement
policiesin placeat thearchive. In additionthegranularityof themetadatamaybeinfluencedby concernsaboutrights
managementof somemorecomplex digital objects(e.g.wheredifferentpartiesown differentcomponentsof thecontent
and/orsystems43). How anarchivechoosesto assignmetadata,andatwhatlevel of granularity, arenot decisions
imposedby a metadataspecification.TheCedarspreservationmetadataspecificationallows for descriptionat any level
but ultimatelythedecisionresideswith thearchive. While theCedarsOutlineSpecificationmakesno assumptionsabout
thelevel at which metadatawill beassignedit doesassumethatarchiveswill do soat levelsappropriateto fulfil their
preservationresponsibilitiesandmeettheneedsof thearchive’susercommunities.

43For example,adigital soundrecordingwith associatedcopyright andperformancerightsfor individual tracks
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5.2.4 Obligation

In earlyiterationsof theoutlinespecificationtheProjectattemptedto defineall metadataelementsaseithermandatoryor
optional.However, dueto therigid andover-prescriptiveappearanceof thesedesignations,somematerialmighthave
beenexcludedfrom preservationbecausethey lackspecificmetadataelements.To preventthis thespecificationprovides
guidanceon the“significance”of eachelementdeterminedby theextentto which theelementmaybeusefullyapplied
acrossawide rangeof digital materials.In addition,specifictypesof digital materialshouldconsidersomeelements
mandatorywhile thesearenot applicableto othertypesof digital materials.Thetermsusedareasfollows:

Ï Very Significant anelementdeemedto beveryusefulfor preservationacrossa wide rangeof digital objectsand
thereforenecessaryif available

Ï Significant anelementdeemedto beof useto mostdigital objects

Ï LessSignificant anelementdeemedto beof someusebut not strictly necessary.

Structured“walk-through”meetingsto assignmetadatato differenttypesof realdigital materialsdid concludethatthere
shouldbeaminimal setof metadatathatwasdeemedmandatory. Thiswassuggestedto beat leasta dateof somekind,
eithertheofficial timestampof ingestor thedateof creation.Suchametadataelementalsoenablesa futureuserto
establishtheenvironment(bothtechnicalandpolitical) of theoriginalobject.

5.2.5 The CedarsProject Stanceon Metadata

TheOAIS modelprovidesanimportantseparationbetweenmetadataelementsbasedon thepurposethatthemetadata
elementsserves.TheCedarsprojectseesthis distinctionasveryhelpful. While theCedarsoutlinemetadataspecification
is intendedto aid in thepreservationof digital resources,it is hopedthatorganisationswill addelementsthataddress
aspectsof PDI or RI neededby their resources.Oneideathatwasusefulin theCedarsdemonstratorarchivewasthatof
incorporatinga freetext runningcommentaryinto themetadata.Thisprovedusefulfor bothPDI metadataandRI
metadata.Theemphasison metadatais to adequatelydescribetheresourcefor any potentialusesin thefuture,soany
metadatarequirementsshouldnot preclude(or evendiscourage)thepreservationof theresourceitself.

5.3 TechnicalStrategiesfor Continuing Access

Digital preservationrefersto theseriesof managedactivities necessaryto ensurethatanAIP remainssafelyin storage,
andwherenecessarycanbeaccessedusingcurrenttechnology. No preservationstrategy is completewithouta technical
strategy to ensurecontinuingaccess(which by necessityincludesensuringthatthebytestreamis successfullystored).
Broadlyspeaking,therearethreemaintypesof technicalstrategy currentlyemployedfor providing continuedaccessto
archivedmaterials.Thesearetechnologypreservation,emulation,anddatamigrationfrom oneformatinto another.
Oftenit is asked,which mediais bestto ensureasuccessfullong-termstorage,andshouldthestoragebytestreambe
compressedor not. Eachof thesetechnicalstrategiesandthesequestionsareaddressedin turn below.

5.3.1 TechnologyPreservation

Thestrategy of technologypreservationmeansthatto providecontinuedaccessto a primarydigital object,asystemthat
originally understoodtheprimarydigital objectis alsopreserved.Thismeansthatspecifichardwareandsoftwareneeds
to beconserved.A methodis alsoneededto transferthebytestream(in long-termstorage)from current(andunknown
future)technologiesto theconservedsystem.(Unlesstheoriginalmediais alsoconserved,seethelatersectionon media
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longevity.) For example,this might requirea working 32-bit Intel architectureconfiguredto run theWindows95
operatingsystem.This is like maintaininganold recordplayerin orderto continuelisteningto analbumcollection.All
themechanicalpartsandpowersuppliesneedto bekeptin aworking condition(whichmeansongoingmaintenance,
testingspringsandcleaningrust),andthevinyl disksneedpreserving.At best,this is a short-termsolutionproviding
accessto avaluedresource.If all of thehardware,software,andconfigurationsareconservedthenthis doesensurethat
thematerialis accessible.

Technologypreservationcanneverbeseenasa truelong-termpreservationstrategy. Someof theissuesthatmake this
strategy problematicare:

Ð Storagespacerequirementsfor thehardware(neverdecreases)

Ð Maintenanceexpertiseneededfor hardware(andsoftwareconfigurations)

Ð Very few disasterrecoverstrategies(hopeto makeor find a workingsystem)

Ð Prohibitivecostsfor replicatingahardwaresystem

Ð Theuseof theresourceis restrictedto physicalaccessto thehardwaresystem

To considerableak(andyet real)example:

TheBBC Domesdayvideodisksystemrequires

Ð Hardware

– A British BroadcastingCorporationMasterSeriesMicrocomputer

– A BBC specificcolourmonitor(possiblyanRGBmonitorat thecorrectsyncrate)

– A BBC LV ROM player(a modifiedPhillipsLV videodiskplayer)

– A 51/4Ñ Ñ diskdrive

– An Acorn trackerball

– Connectingcables(severalrarecables,includingfragile ribbonconnectors)

Ð Software(mostly in Rom or cartridge forms, sois this actually hardware?)

– TheVideoFile System(VFS)

– A BCPL interpreter

– TheDomesdaysoftware

– Dataandsoftwareon 4 sidesof 2 videodisks

Therearetoo many critical componentsthatcanfail. Evenif a moving partlike, for example,theplatterfor holdingthe
videodiskmalfunctions(sothediskcannotbeturnedoveror swapped),theentiresystemis inoperable.To providea
recoverysolutionfor whenoneof thesecomponentsfails, thehardwaredesign(everydevice)mustbeadequately
documented.Unfortunatelytheinadequaciesof suchdocumentationareonly discoveredwhena majorrecoveryrelieson
these.

AlthoughCedarsdoesnot considerthis strategy aspartof long-termpreservation,theremaybecircumstanceswhereit
providesthebestshort-termstop-gapuntil long-termpreservationcanbeapplied.If theonly environmentin whicha
valuedresourcecanbeunderstoodis on a singlehardwaresystem(configuredin aparticularway) thento preserve the
resourcethehardwaresystemmustalsobepreserved.If theresourceis truly valuable,effort mustbeinvestedto move
from thisshort-termsolutionto a longertermpreservationstrategy.
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5.3.2 TechnologyEmulation

Therole of technologyemulationasa long-termdigital preservationstrategy remainsuncertain,aslittle practicalwork
hasyetbeendoneto testthis strategy. Thegist of this strategy is that,to preserveaccessto a digital resource,an
emulationof its nativeplatformis developedfor currentplatforms.Figure5.2(borrowedfrom “Emulation,Preservation
andAbstraction”44) showshow anemulatormimicstheoriginalplatformwhile runningon a differenthostplatform.
First theoriginaldigital objectis preservedin anAIP. Theprimarydigital objectcomponentof theAIP canthenberun
underemulationto giveadequateaccessto theSignificantPropertiesof theoriginal. OnceEmulator1.00hasbeen
developed,accessto theprimarydigital objectwill beensuredevenastheoriginalplatformbecomesobsolete.The
CAMiLEON projectrecommendsthatemulator1.00is implementedin sucha way, thatthetransitionfrom emulator
1.00to emulator1.01(ashostplatform1 alsobecomesobsolete)canbeimplementedeconomically. Notethatthe
equalitysignindicatesthattheaccessto theSignificantPropertiesgivenby emulator1.01is equivalentto theaccess
givenby emulator1.00.
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Figure5.2: Usinganemulatorto mimic anobsoleteplatform

HoldsworthandWheatley45 summarisethedebateon emulationsofar.

“Bearmanhascitedemulationasa dangerousstrategy that fails to actuallypreservedigital objectsandis not a
realisticapproach dueto theenormouscostsof emulatordevelopment.”

“Rothenberg hasproposedthat thework involvedin theproductionof an emulatorcanbeconsiderable, soit can
bepostponeduntil resourcesare availableby insteadproducingan emulatorspecificationat thetimeof platform
obsolescence.”

However thereis no practicalevidencefor this lackof optimism.Relianceon anadequatespecificationof aplatformis a
very risky approachto preservation,for thesamereasonsasit is risky for thetechnologypreservationstrategy. The
appendixof HoldsworthandWheatley46 givesevidenceof suchrisksfor theGeorge3platform.

Muchwork hasalreadybeendoneby hobbyistsandenthusiastsonemulation,andthisseemscontraryto theastronomical
costsimplied. Indeed,therearesomecommercialproductsthatemulateWintel typeplatformson non-Intelplatforms.

Thedevelopmentof emulatorsis askilled task,asis theirmaintenanceandsupport.However, therequirementsareless
arduousthantechnologypreservation.Certainly, in technicalterms,emulationtruly is a realisticandpracticalapproach
to thepreservationof somedigital materials.As with any toolsreferencedby theSemanticInformationcomponentof
theAIPsRepresentationInformation(seechapterthree)thereis still theneedto monitorthesetoolsto protectfrom the
threatof creepingobsolescence.This is all partof managingtheGödelendsof therepresentationnetworks,which is a
standardarchiveadministrationactivity.

44Holdsworth,D. andWheatley, P. “Emulation,PreservationandAbstraction”www.leeds.ac.uk/CAMiLEON
45Ibid.
46Ibid.
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UnlikeRothenberg, bothCAMiLEON andCedarsseetheimportanceof takingearlyaccountof theprospectsof an
emulationstrategy, evenwhentheoriginalplatformis still available.Thismayinvolveimplementinganemulatorto
allow operationalcomparisonsbetweenaresourceon theemulatorandon theoriginalplatform.

TheCAMiLEON projectassertsthatchoosinganappropriateabstractionis vital to successfulemulation.Theextentto
which theemulationmimicstheoriginal technicalenvironmentor emulatesonly thosecomponentsnecessaryto access
thedataalsoneedsto bedecided.CAMiLEON identifiesanumberof factorsthatshouldinfluencethechoiceof the
abstractemulationinterface.47

e Complexity (or lackof it), in thehopethattheemulatorimplementationis straightforward

e Availability of documentationof thechoseninterface

e Mappingof peripheralsinto easilyspecifiedabstractions

e Retentionof SignificantProperties

Furtherrecommendationsare:

e EmulatorcodeshouldbeproducedusingstandardSoftwareEngineeringtechniques.Theseincludetheuseof a
goodcodestructure,informativeandplentiful commentingandgooddocumentation.

e Emulatorsshouldbewritten in opensource,preferablyin a subsetof C chosento becompatiblewith future
programminglanguagesemantics.48

e Wherenon-standardcode(for exampleto rendertherasterdisplay)is incorporatedin anemulator, thisshouldbe
modularisedandwell documented.

Cedarssuggeststhatanemulationstrategy is verysuitablefor someclassesof digital resource.All of ourcurrentBBC
contentrelieson emulationto provideaccessto theintellectualcontent.Theexampleof theBBC Domesdayvideodisk
givenabove lendsitself to emulation.

For someclassesof resourceemulationis not necessary, or indeedappropriate.Examplesof classesof resourcewhere
emulationis notnecessaryareASCII text documents,TIF images,andPDFdocuments.All of thesehaverenderingtools
on currentplatforms,andalsohaveopensourceimplementationsof theserenderingtools.Whereanopensource
renderingtool existsfor a formatthis canbetransferredontonew platformsasold platformsbecomeobsolete.

5.3.3 Migration

Unlike thetwo previousstrategies,which provideanenvironmentin which thedigital resourcecanbeunderstood,
migrationmovesthedigital resourceinto a formatthatis easierto processoncurrenttechnology(andindeedfuture
platforms).Thereis someconfusionover thedefinitionof migrationfor digital preservation.A reportcommissionedby
theResearchLibrariesGroupandtheCommissionfor PreservationandAccessin theUS,helpfully distinguishes
betweenmigrationandwhathasbeentermedrefreshing.Thereportsuggeststhat

“. . .Migration is a setof organizedtasksdesignedto achieve the periodic transferof digital materialsfrom one
hardware/softwareconfiguration to another, or fromonegenerationof computertechnology to a subsequentgen-
eration.” 49

47Ibid.
48Holdsworth,D. “Emulation: C-ing Ahead”www.leeds.ac.uk/CAMiLEON/
49TheResearchLibrariesGroup(RLG) Final reportof WorkingGrouponPreservationIssuesof Metadata.1998
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Here,we areconcernedwith transformationmigration,definedin theOAIS as:

“A Digital Migration where there is somechange in theContentInformation. . . while attemptingto preservethe
full informationcontent.” 50

This is furtherbrokendown into two categories,reversiblemigrationandnon-reversiblemigration.While this is a
crucialdistinction,it is alsonecessaryto judgewhethera migrationcanactuallybereversedoncetheoriginalmigration
softwareandplatformareunavailable.

Many librariesandarchivesarealreadyinvolvedin migrationstrategiesto ensurecontinuingaccessto digital resources,
andbelieve thatthis is themostpracticalapproach– at leastfor theshortto mediumterm.Ratherthanfocussingon the
technology, thisstrategy tendsto focuson intellectualcontentandmakingit accessibleusingcurrenttechnology.

TheCedarsprojecttakesa morecautious(but webelievesensible)approachto migration.Thisaimsto preserveboththe
originaldigital objectanda tool for understandingor interpretingthedigital object.

For access,ratherthanpreservation,it is possibleto migratea resourceinto apreferredformatandto storethisnew
versionof theresource.However, this doesnot imply thattheoriginal formatshouldbediscarded– indeedit shouldbe
preservedin caseanew migrationor emulationtool becomesavailablethatprovidesa new wayof interpretingthe
intellectualcontent.

Themostcritical assessmentthatneedsto bemadein light of a migrationis whethertheSignificantPropertiesof the
digital resourcearemaintained.PaulWheatley51 looksin moredetailat thedifferentstrategiesthatareavailablefor
migration,andtheapplicabilityof theseto differentclassesof digital resource.In this paperWheatley alsointroducesa
new conceptfor digital preservationwhich is relatedto migration,thatof resourcerecreation.This involvesrecodingand
perhapsretypingandtypographicalentryto manuallycreateanequivalentresourceon acurrentplatform.

Migration providesthepotentialbenefitof reducingthenumberof formatsthatanarchiveneedsto maintainaccessto.
Wherethechosentargetformatsareverywidely used,andhavewell documenteddefinitionsor opensource
implementationsof renderingtools,long-termpreservationandaccessibilitybecomesmucheasier. Widespreadformats
arelikely to motivatethedevelopmentof renderingtoolsor migrationtools(into currentformats)whenmodern
platformsno longerunderstandtheseformats.

Cedarsalsosuggeststheuseof Migration On RequestTools(seeChapterthree)to preserve theoriginaldigital object
in its original format,andthento providefor accessin whichever formatis desirable.

5.3.4 Standard File Formats

Migration is closelylinkedto thenotionof standardfile formats.For certainclassesof digital resourcethereare
standardsthatcaptureall of theSignificantProperties.An archivecouldrequestthatall resourcesthatcanbecapturedin
a standardformatmustbesubmittedto thearchive in this format,for example:

f Text documentswith layout,includingemails(RTF or PDF)

f Databasetables(CSV)

f Colourimages(TIF)

f Sound(AIFF)
50ReferenceModel for anOpenArchival InformationSystem(OAIS). CCSDS650.0-R-1RED BOOK
51Wheatley, P. “Migration – aCAMiLEON discussionpaper”www.leeds.ac.uk/CAMiLEON/



TheCedarsProjectReport(April 1998–March2001),June2001 65

g Family history(GEDCOM)

However, theseformatswill not captureall of theSignificantPropertiesof all of thedigital resourcesin thesecategories.
Therearealsoproblemswith versioning,wherewith PDFtheformathaschangedacrossdifferentversions.Another
reasonwhy anarchiveshouldnot besoprescriptive is thatresourcesnot fitting into any of thestandardfile formatswill
not bepreserved(thelist abovedoesnot mentionmultimediawebpagesor interactiveeducationalsoftware).

At themomentthereis a risk involvedwith notknowing the‘futuricity’ of any standardfile format.As akin to
migration,wherethereareopensourcetoolsor a widespreaduserbasefor any file formatthelongevity of thatformatis
favourable,but this will not necessarilybecontinued.

As always,thereneedsto betheinfrastructureto monitortheRepresentationNetwork to ensurethattheseformatscan
still beunderstood.

Only oncetheimpactof standardfile formatson preservationof SignificantPropertiesis assessed,andthelongevity of
toolsto work with theseis established,shouldthis approachbetaken.

5.3.5 Media Longevity

TheCedarspositionon mediafor datastorageis thatlongevity is not theissue.Thetimescaleoverwhich theCedars
projectis looking farexceedsthelifetime of any technology. Evenwherethemediumitself hasa life of decades,the
devicesto reada particulartypeof storagevolumetendto becomeunavailablein muchlessthana decade.Thereare
exceptions,whichcomeaboutwhena technologyacquiresanimportancefor datatransfer, ashashappenedwith
31/2h h disksand9-track1/2h h magnetictape.Evenwherethis longevity happens,theattractivenessof themediumfor data
storageevaporatesquitequickly ashigherdensitydevicesbecomeavailable.

TheCedarsstanceis thata bytestreamcanbestoredforever. Thisstoragewill involvecopying aspartof the
managementof a dataarchive. Systemswith this propertyarealreadyaround.

Theessenceof thestorageaspectof Cedarsis to concentrateon therepresentationinformation,sothatthebytestreamsof
yesteryearcanstill delivermeaningfulinformationlong aftertheir native formatsarein commonuse.

5.3.6 CompressionTechniquesand Long-Term Ar chival Storage

While it seemsa temptingcostmodelto ensurethatthebytestreamsplacedin storageareassmallaspossible,this is
deceptive.

Beforeabytestreamis compressedtheimpactof thisactionmustbeanalysed.Whenthecompressionprocessis reversed
(by uncompressingthebytestream),aretheSignificantPropertiespreserved?Therearetwo typesof compression
algorithm52: lossy, for exampleJPEG,MPEG,andIndeo;andloss-less,for exampleRLE andHuffmancoding(both
basedon LZ compression).Only loss-lesscompressionis suitablefor preservationstorage.

As a caveat,lossycompressionis nogoodfor preservingcritical data(suchasanAIP) howeverwherea resource
containscomponentswhich arealreadyin a lossycompressionformat(suchasa HTML file treecontainingJPEG
images)thesecanstill bepreserved.File formats(andlossycompression)aredecisionsat pre-ingest,ingest,or decisions
aboutformatmigration– theseareseparatefrom bytestreamstorage.

52Examplesof compressionalgorithmsaretakenfrom Ladino,J.N. “Data CompressionAlgorithms”
http://www.ccs.neu.edu/groups/honors-program/freshsem/19951996/jnl22/jeff.html
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Loss-lesscompressionis theonly viableoptionfor compressionin thelong-termdatastore.Loss-lesscompressionmay
actuallyprovidemoreadvantagewhenappliedto datatransfer, eitherat ingest,whentheresourceis uploadedto an
archival store,or at dissemination,whena resourceis transferredto aconsumer’scomputer.

If a policy is madeto compressabytestreamin storage,thentheloss-lessalgorithmshouldbeenteredinto the
RepresentationNetwork. Choosingthealgorithmneedsto bedoneon thebasisof its potentiallongevity:

i Non-proprietary

i Open-source

i Well established(provento bereliable)

However, theCedarsprojectfoundthatthebestpolicy wasto not applycompression.Sincebothstoragefacilitiesthat
Cedarsused(seeChapterthree)usemultiple tapelibraries,thesehave loss-lesscompressionbuilt into thefirmwareof
thetapedecks.As thestoreddatais automatically(andinvisibly) compressedanduncompressedany compression
appliedto thebytestream(AIP) prior to it beingwritten to its storagemediumactuallymakesthis firmwarecompression
lesseffective.

5.4 Recommendations

1. Follow theoverall structurefor metadataprovidedby theOAIS model

2. Allow freetext commentariesin themetadatato allow anything thatis notcoveredto becaptured

3. Technologypreservationis only a short-termstrategy asastopgapfor truepreservation

4. Emulatorcodeshouldbewell producedandwell documented

5. Wheremigrationis used,usereversiblemigration

6. Migration on Requesttoolsshouldbedeveloped

7. StandardFile Formatsneedto bechosenwell

8. Do not getsidetrackedby medialongevity or compression

5.5 Further Reading

1. TheResearchLibrariesGroup(RLG) Working Groupon PreservationIssuesof Metadata– final report(RLG
1998)

2. TheUniversityof PittsburghRecordkeepingFunctionalRequirementsProject,fundedby theUS NationalHistoric
PublicationsandRecordsCommission(BearmanandSochats1996)

3. TheRecordkeepingMetadataStandardfor CommonwealthAgenciesdevelopedby theNationalArchivesof
Australia(1999).

4. Thelogical datamodel(basedon entity-relationshipmodelling)developedby theNationalLibrary of Australia
(NLA) to helpidentify theparticularentities(andtheir associatedmetadata)thatneededto besupportedwithin its
PANDORA proof of conceptarchive(PreservingandAccessingNetworkedDocumentaryResourcesof Australia,
CameronandPearce1998).
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Chapter Six : The Costsof Digital Preservation

6.1 Intr oduction

Not agreatdealis known aboutthecostsof preservingcomplex digital objectsover time. However, thereis a perceived
wisdomwithin thelibrary communitythatit will bemoreexpensiveandmoreintensive thanpreservationof traditional
library materials.This maynot proveto bethecase,asthecostsinvolvedin traditionallibrariesarealsofairly unknown
quantities.

Meaningfulcomparisonsof thecostsof digital vs traditionalpreservationmaynot bepossible,or evenhelpful. It is
certainthatthecostsof preservationof digital materialswill bedifferentthanpreservingothermaterials.Theongoing
costsof digital preservationarealsolikely to spana differenttimeframethantraditionalpreservationanddifferent
approachesto digital preservationwill prescribequitedifferentcostsandtimeframes.

Thischapterwill identify someof themaincostselementsthatlibrariescanexpectto encounterwhenconsideringdigital
preservationaspartof their ongoingcollectionmanagementfunction. It is dividedinto two parts:thefirst providesan
introductionandoverview of someof thegeneralissuesassociatedwith thecostsof digital preservation,whilst the
secondbreaksdown thecostelementsof digital preservation.

6.1.1 Long Term Preservation and Continuing Access

Again, it is reiterated,thatlong-termpreservationandcontinuingaccessaredifferent.TheCedarsProjecthasfocusedits
work on long-termpreservation.Thischapterlooksmoreat thecostsinvolvedin long-termpreservationthanit doesat
thecostsof providing continuingaccess.

6.1.2 A Timeframe for Digital Preservation

Thecostsof preservationalwaysrepresentanongoingcommitment– whetherfor digital or traditionalmaterials.
However thereis growing realisationthatthetime betweenanobject’s “creation”andits preservationis shrinking
rapidly for digital materials.Preservationneedsto beaddressedincreasinglyat thetime of acquisition,or evencreation,
of thedigital resource.Althoughcostsfor digital preservationremainobscure,we canbesurethatif thepreservationof
materialsis consideredearlierthesecostswill bereduced.

For digital materials,commitmentmustbemadeover thelong-term.Themeaningof this commitmentwill depend,in
part,on thearchiving modelin which thepreservationoccurs.Regardlessof variationsin thearchiving models,digital
preservationwill requireongoingresources.It is importantto recognisethatdifferentapproachesfor long-term
preservationwill havedifferentcosttimeframes.For example,if anarchiveadoptsa migrationstrategy which will move
thedigital objectinto currentsoftware,action(andthereforeresources)will benecessaryeachtime asoftwareupgrade
occurs.If thismigrationhappenswhentheobjectis acquiredby thearchive,this is anup-frontcost.However if
migrationis chosenasa methodfor providing continuingaccess,andtheobjectis continuallymigratedto new software
thenthis is likely to beanongoingcost.By comparisonif anothertypeof migrationstrategy is adoptedwherematerials
on Ingest into thearchivearemigratedinto standardformatsthenaction(andthereforeresources)to migratethatobject
will berequiredlessfrequently.53

Recommendation6.1: Preservation of materials must be consideredasearly in the lifecycleof a resourceas
53Similar comparisonscanbedonefor emulationstrategies.For example,whereemulatorsarebuilt andmaintainedwithin thearchive at thetime of

Ingest;or wheremetadatadescribingsystemsrequirementsis storedat thetimeof Ingestandtheemulatoris engineeredondemand.
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possible.The point of creationor acquisition is ideal. Early preservation managementwill reducecosts.

6.2 The lifecycle of a digital resource

Thelifecycleof traditionallibrary materialslookssomethinglike this: a bookis published;put ona shelfto beaccessed;
andpreservationoccursonly whentheobjectbeginsto deteriorate.Digital materialshaveadifferentlifecycle. Ongoing
activity is neededto ensurecontinuingaccess.Theway adigital objectis createdinfluenceshow (or indeedwhether)it
canbepreserved.Likewise,decisionstakenat thestart-pointof preservationcanimpacton futureaccess.

Thepreservationlifecycleof adigital objectstartsat thetime its creation.For librariesinvolvedin digitisationprojects
this meanspreservationof thedigital filesmustbeconsideredwhentheprojectbegins– andmustbebudgetedfor!
Whereno preservationactionsareperformedbeforeacquisition,thelengthof timeof inactivity increasesthecomplexity
of preservationactivity needed(andhencethecostsassociatedwith suchactivity).

6.3 Cost/Benefit

Thecostsof preservingdigital materialsneedto beconsideredin light of therelativebenefits.Digital preservationcosts
inevitably involve trade-offs. Decisionsto reducecostscouldcompromisethecompletenessof thepreservation.
Howeverenormousoutlayto preserveacomplex digital objectwhich is neveraccessedis alsoundesirable.

This suggestsanapproachto preservationwhich is appropriateto theperceived(estimated)valueof thedigital object.
Theotherobservationis thatdigital objectsof lessvaluecanonly bepreservedwheretheinitial outlayis cheapenough.
Thelong-termvalueof digital materialsis difficult to determine,asthedecisionsarerequiredbeforethevaluebecomes
self-evident.Analysisof thebenefitsof preservationis alsolinkedwith collectionmanagementandselectionpolicies.

Onetrade-off thatcanbemadeis in thequantityandqualityof metadatagatheredfor a digital object.Thebetterthe
metadata,themore‘valuable’and‘useful’ thepreservedobject,but this will bemorecostlyto produceandassess
(qualityassurance).Thecostsassociatedwith metadataproductioncanbeshiftedandreduced,eitherby takingmetadata
from theContent Provider at Ingest,or by developingautomatedtechniquesfor metadataproduction.

Theproof argumentto cost/benefitanalysisis: demandingthemaximum,absoluteultimatein preservationwill be
self-defeating– whentheprocessis madetoo expensiveit will not bedone.

6.4 TechnicalConsiderations

Thelevel at whicha digital objectis archivedandmaintainedwill impacton thecostsassociatedwith its preservation.
TheSignificant Propertiesof adigital objectasthey havebeenagreed(seeChapterthree)mayalterthecostsassociated
with preservingthosespecificproperties.A digital object’sSignificantPropertiesarenot assumedto beempirical.The
preservationof anobject’s full functionalitymayprovemorecostlythanjust abare-bonespreservationof basic
intellectualcontent.Thequestionthathasto beaskedis whethertheobject’s long-termvalueis worth thelong-term
expenseof preservingthe‘bells andwhistles’.

A majorfactorin thecostimplicationsof technicalconsiderationsis theeconomiesof scale.Preservingmany similar
digital objects(whethercomplex or not)will belesscostly(pro rata)thanpreservingseveraldigital objectsof unique
types.
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6.5 BreakingDown Costsof Digital Preservation

Thecostof preservinganobjectwill dependon many factors.Therewill bea multitudeof considerationsthatimpacton
how thesecostsbecomemanifest.Oncetheelementsthatinfluencecostareidentified,thesecanbeusedto generatea
decision-matrix.

6.5.1 A ConceptualTaxonomyof Ar chives

UsingtheOAIS taxonomyof digital archives,54 this sectionconsiderswhich aspectsof thearchivesactivities will have
significantbearingon thecosts.

Themainaspectsin whicharchivesvary is in thequantity, nature,andtherelationshipto thedatait dealswith. Thereare
threemainaspectsto this:

Content, data typesand formats Clearlyarchivesmaybedevotedto aparticularsubjectarea.Froma preservation
perspective it is lessimportantwhetherthereis diversityin this respectthanwhetherthereis diversityin thetypes
(andformats)in which thedatais held.Wherea greaterdiversityof datatypesmustbesupported,thegreaterthe
preservationchallenge(andlikely costs).

AccessThequalityandvarietyof Disseminationmethodsto anarchive’sholdingshasimplicationson thecostsof
providing these.Wherea particularcommunitydemandsa particularinterfaceandaccessmechanismtheseare
likely to beobligatorycosts.

Authority An archivecanalsobeclassifiedby its authoritywith respectto its digital objects.Thisconcernsthe
archive’srelationshipwith theContentProvider ratherthantheuserof theAccessfunction.Therearetwo aspects
to this: rights,whetherthearchiveownstherightsto thePrimaryDigital Objector not; andcontrol,canthe
archivedictatethetypesof digital objectswhich arrive for Ingestor mustit acceptwhatever typesor formatsthe
ContentProviderscanproduce.

This taxonomyshiftsthecostsgoal-posts,for examplewith Authority, whereanarchivedoesnot own therightsto the
datait mayincur highercostsof negotiation(andperiodicre-negotiation).Clearlyexpertiseandexperiencein particular
domainsreducescostsassociatedwith familiarisingstaff with thetargetPrimaryDigital Objects.With regardto Access,
certainDisseminationmethodscanalsobethemeansof receiving revenue– in thiscasetheoutlayis recouped.Of
course,thesethreeaspectsarenot independent.Figure6.1showsasimplifiedtableof theseaspects.
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Figure6.1: Simplifiedcostsassociatedwith Datataxonomy

54ReferenceModel for anOpenArchival InformationSystem(OAIS). CCSDS650.0-R-1RED BOOK. OAIS figure4.11
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6.5.1.1 Relationshipsbetweenarchives

TheOAIS modeldiscussestheissueof interoperabilitybetweenarchives.It distinguishesbetweenfour modelsfor this.
Thechoiceof interoperabilitymodelwill haveassociatedcosts,but alsoallows resourcesandcoststo besharedbetween
archives.Thesearethefour models:

IndependentAr chives Thisservesa singledesignatedcommunityandis designedsolelyto meettheneedsof that
community. It mayor maynot bedistributed.

Co-operating Ar chives Archivescanexchangeinformation,but do not necessarilyrequirecommonIngestor
Disseminationmethods.Higherdegreesof co-operationareobtainedwheresuchcommonmethodsareadopted.

FederatedAr chives Theseallow searchsessionsacrossthewholefederationof archives.Thecommoncatalogue(and
manager)bindsthefederationtogether. Othertypesof federations(with differentbindingfunctions)arealso
possible.

Ar chiveswith sharedFunctional Resources This is thehighestdegreeof interoperabilityandpermitsuseof shared
resources.

Thedegreeto which co-operatingincreasesor decreasesoverall costsvarieswith boththemodelof co-operationandthe
scalesinvolved.

6.6 CostElementsof Digital Preservation

Theelementslistedbelow areorderedin approximatelytheorderthey tendto occurwithin a collectionmanager’s
workflow. Theseelementsaredirectlyassociatedwith preservationandensuringlong-termaccessibility. It shouldbe
recognisedthatthecostsof preservationandcontinuingaccessareinter-related.Having acknowledgedthat,it is not
alwayspossibleto distinguishbetweenpreservationcostsandcostsfor providing access,this list attemptsto focus
specificallyon preservation.

1. Selectionfor preservation CollectionManagers(e.g.archivists,subjectspecialists)andSystemsManagersneed
to actin joint consultationto decideonpolicies,includingrelativevaluesof digital objectsandcostsof specific
technicalissues.

2. Negotiation for the right to preserveThis includesthestaffing time for thenegotiatorandfor thedraftingand
exchangeof agreements.It alsoincludesdetailedconsiderationof thePrimaryDigital Objectto ascertainthe
relevantrightsholders(includingthoseof softwareandunderlyingtechnologycomponents).

3. Negotiation for the right to provide accessSometimewill alsoberequiredfor negotiatingAccessarrangements,
especiallywhereshort-termAccessis envisaged.Thismaynot applyto all archives(or all digital material).

4. Applying the appropriate strategy for preservation This includestime takento ensurethePrimaryDigital
Objectis adequatelypreparedfor archiving. As partof this, theSignificantPropertiesneedto bedetermined.

5. Quality control and validation of AIPs Thecompletenessof any digital objectneedsto bechecked.Timemay
alsoberequiredto checkthedocumentation,andits correlationto thePrimaryDigital Object.

6. Metadata production All aspectsof themetadataneedto bepopulated,althoughnotnecessarilyat thesametime.
Thiswill rangefrom thestudyof documentationandthePDOitself to automatedanalysisandharvestingof
metadata.Metadatacostswill alsoneedto accommodatethegatheringof rightsmanagementinformation.
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7. Ar chival storageThis includesmaintenanceandpurchaseof hardwareandsoftwareaswell astheperiodic
inspectionof storedAIPs. All aspectsof backupandmovementbetweengenerationsof mediaarealsoincludedin
this element.

8. Administering the archiveAs well asgeneraladministrationof theIngest,ArchiveStorage,andDissemination
functions,thiselementincludesthecostsinvolvedin keepingabreastof developments.Developmentsin
technologyandlaw will changethepreservationandaccessrequirementsfor somedigital objects.

9. General CostsTheseincludestaffing (salaries,overheads,training,etc.),insurance,building overheads,meeting
certificationandcompliancestandards,etc.

6.7 Staffing Implications

Clearlyoneof themajorcostsof adigital archivewill bethecostof thestaff requiredto runandmaintainit. Equally
clearlythis will beneedto bea teamwhichwill possesseveraldifferentkindsof skills. Basedon Cedar’sexperience,
thereis a needfor (at least)four majorkindsof skills:

Ð Curatorial involvedfor subjectspecificdecisionsor decisionswhich involvecollectionmanagementpolicies.

Ð Technical involvedin implementingandmaintainingthetechnicalaspectsof thearchiveandalsoinvolvedin
monitoringtechnologicalchange

Ð Legal primarily involvedwhendealingwith rightsnegotiation,althoughcanalsoinfluenceAccessprovision

Ð Managerial overallmanagementof thecollectionandthepreservationprocess

Someof theseroleswill involveseniorstaff whilst otherrolesmaybesuitablefor morejunior staff.

6.8 Recommendations

1. Preservationof materialsmustbeconsideredasearlyin thelifecycleof a resourceaspossible.Thepointof
creationor acquisitionis ideal.Early preservationmanagementwill reducecosts.

2. Costscanbereducedby co-operatingwith otherarchives.

6.9 Further Reading

Ð “ScopingtheFutureof Oxford’sDigital Collections,” a studyfundedby theMellon Foundationwhich includes
criteriafor theselectionof materialsfor digitisation.http://www.bodley.ox.ac.uk/scoping/

Ð “Guidelinesfor theSelectionof OnlineAustralianPublicationsIntendedfor Preservation,” TheNationalLibrary
of Australiahttp://pandora.nla.gov.au/scoap/guidelines.html

Ð “The Berkeley Digital Library Sunsite,” http://sunsite.berkeley.edu/Admin/collection.html

Ð “Digital ElectronicArchiving: TheStateof theArt andtheStateof thePractice,” April 1999.
http://www.icsti.org/icsti/whatsnew.html

Ð “The Casefor New EconomicModelsto SupportStandardizationEfforts,” Clif ford A. Lynch,http://www.niso.org
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Definitions of Terms

Action: any activity associatedwith resourcesrequiringpreservation

Resources: Fundingcommitmenteitherin theform of directpaymentor humantime andexpertise

Collection Manager: usedbroadlyto meanlibrarian,archivist, subjectspecialist,etc.

SystemsManager: usedbroadlyto meantechnicalspecialist

Preservation Strategy: thesetof policiesandguidelinesthatprovidea regimesuitablefor long-termpreservationof
digital materials.Thiscoversall areasof managementandpractical/technicalimplementation,andincorporatesa
strategy for Continuing Access.

Continuing Access: ensuringthattechnicalapproachesto obtaintheintellectualcontentof a PrimaryDigital Objectare
availablefor currenttechnologies.

Technicalapproachesto Continued Access: Currentlytherearethreebroadtechnicalapproachesto preservingdigital
materials:technologypreservation,technologyemulation,anddatamigration.Technologypreservationand
emulationfocuson thetechnologyitself. Datamigrationstrategiesfocuson theneedto maintainthedigital files in
a formatwhich is accessibleusing“currenttechnology”.Thesignificant properties indicatehow appropriateeach
approachis for adigital object.

Significant Properties: Thosecharacteristics(bothtechnical,intellectual,andaesthetic)agreedby thearchiveor by the
collectionmanagerto bethemostimportantfeaturesto preserveover time. A digital objectssignificantproperties
arenot assumedto beempirical.For Cedars,thecreationandmaintenanceof thedetailedmetadataassociated
with theobjectssignificantpropertiesarethebackboneof anarchivespreservationfunction.

Metadata for Digital Preservation: A robustsystemof resourcedescription– for thepurposesof resourcediscovery,
managingaccess,andensuringpreservationof thedigital objects.Specificallypreservationmetadatawill take two
forms(from theOAIS referencemodel):

Ñ preservation description information which includesgeneralresourcedescription,rightsmanagement
information,provenanceandcontext descriptions,andhistoriesof actionstakenfor thepurposeof
preservation.

Ñ representationinformation whichmapsthestoreddatainto meaningfulconcepts– i.e. systems
informationandreferencesto formatsandsoftwaretools.

The OpenAr chival Inf ormation System(OAIS) ReferenceModel: This ReferenceModelhasbeendevelopedby the
ConsultativeCommitteefor SpaceDataSystemsto providea conceptualframework andreferencetool for
defininga digital archive. It describesa specificfunctionalmodelof requirements(bothpeopleandsystems)for
implementinga digital archive. TheOAIS is undergoingtheISO processandits publicationasastandardis
expectedlaterin 2001.TheCedarsprojecthasprovideda demonstratorprojectbasedon it. Theimportanceof
OAIS to thearchiving communityis undeniablebut its usefulnessto researchlibrariesandarchivesis still largely
unexplored.

Glossaryof SelectedTerms fr om the OpenAr chival Inf ormation Systems(OAIS) ReferenceModel

Ar chival Inf ormation Package(AIP): ContentInformationandtheassociatedPreservationDescriptionInformation
thatis neededto preservetheContentInformationover theLongTerm.It hasassociatedPackagingInformation.

Ar chival Storage: TheOAIS entity thatcontainstheservicesandfunctionsusedfor thestorageandretrieval of
Archival InformationPackages.

Ar chive: An organizationthatintendsto preserve informationfor accessanduseby aDesignatedCommunity.
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Content Inf ormation: Thesetof informationthatis theprimarytargetfor preservation.It is composedof a Primary
Digital Objectandits RepresentationInformation.

DisseminationInf ormation Package(DIP): An InformationPackage,derivedfrom oneor moreAIPs, thatis
distributedto theConsumerin responseto a request.

Ingest: TheOAIS entity thatcontainstheservicesandfunctionsthatacceptSubmissionInformationPackagesfrom
Producers,prepareArchival InformationPackagesfor storage,andensurethatArchival InformationPackagesand
their supportingDescriptive Informationbecomeestablishedwithin theOAIS.

Long Term: A periodof time long enoughfor thereto beconcernabouttheimpactsof changingtechnologies,
includingsupportfor new mediaanddataformats,andof achangingusercommunity, on theinformationbeing
heldin a repository. This periodextendsinto theindefinitefuture.

Long Term Preservation: Theactof maintaininginformation,in acorrectandindependentlyusableform, over the
LongTerm.

Preservation Description Inf ormation (PDI): Informationwhich is necessaryfor adequatepreservationof theContent
Informationandwhich canbecategorizedasProvenance,Reference,Fixity, andContext information.

Primary Digital Object (PDO): Thedigital objectthatis theprimarytargetfor preservation.

RepresentationInf ormation (RI): TheinformationthatmapsaPrimaryDigital Objectinto moremeaningfulconcepts,
anddescribeshow to obtaintheintellectualcontentof these.

SubmissionAgreement: An agreementreachedbetweenanOAIS andtheProducerthatspecifiesadatamodelfor the
DataSubmissionSession.

SubmissionInf ormation Package(SIP): TheInformationPackageidentifiedby theProducerin theSubmission
Agreementwith theOAIS.
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Appendix One : Membership of ManagementGroup
and Advisory Board

1.1 CedarsAdvisory Board

Membership:

RichardBlake,PublicRecordOffice

LynneBrindley, British Library55

Reg Carr, Universityof Oxford

LorcanDempsey, UKOLN56

JohnDolan,BirminghamCentralLibrary

JohnDuke,Universityof Leeds

Nancy Elkington,ResearchLibrariesGroup

Mirjam Foot,British Library57

PeterFox, Universityof Cambridge(Chair)

PeterGraham,SyracuseUniversity

DanGreenstein,Arts andHumanitiesDataService58

MargaretHedstrom,Universityof Michigan

ClareJenkins,CURL ExecutiveSecretary, thenImperialCollegeLondon(ProjectDirector)

MichaelLesk,NationalScienceFoundation59

VanessaMarshall,NationalPreservationOffice

CharlesOppenheim,JISC/CEInominee60

AlasdairPaterson,Universityof Exeter

EmmaRobinson,Universityof London

Alex Reid,Universityof Oxford61

ChrisRusbridge,Universityof Glasgow

Kelly Russell,CedarsProjectManager

Mike Sayers,Universityof Cambridge

HelenShenton,British Library

JanWilkinson,Universityof Leeds
55FromApril 1998– December2000
56FromApril 1998– June2000
57FromApril 1998– July1999
58FromApril 1998– November1999
59FromApril 1998– April 1999
60FromApril 1998– December2000
61FromApril 1998– October2000
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Terms of Reference

TheAdvisory Boardis establishedwith thefollowing termsof reference:

Ò To overseetheprojectonbehalfof theHEFCEandits territorial partners,andtheJointInformationSystems
Committee(JISC),providing reportsbackto JISCasnecessary.

Ò To representthebestinterestsof thewiderHE communityin theUK in advisingtheCedarsprojecthow to best
developsystemsandresourcescommensuratewith theneedsof researchandscholarship,informationservicesand
archivesin UK universities.

Ò To receiveregularreportsfrom theCedarsprojecton its progress,futureprojectplansandassociatedmilestones
anddeliverables;to commenton suchplansin light of availableresourcesandtheneedfor economyand
efficiency; andto ensuretheprojecthasin placeanappropriatemanagementstructureandprojectmanagement
methodologyto securetherealisationof projectplans.

Ò To supporttheCedarsprojectandto actasadvocatesfor theprojectandits staff in furtheringtheproject’saims,
with particularreferenceto theneedto maintainfor theprojectaveryhigh level of visibility in theUK HE
communityandbeyond.

Ò To commissionsuchadditionalactivities andadviceasmaybenecessaryto advancetheproject,evaluateits
outcomesandprovidetherequisitelevel of feedbackto thefundingagencies.

TheCedarsAdvisoryBoardhasbeenestablishedto supporttheCedarsprojectandwill continueinitially for theperiod
of projectfundingwhich is threeyearsfrom March1998,It is expectedthatthegroupwill meettwice yearly.

1.2 CedarsManagementGroup

Membership:

Paul Ayris, UniversityCollegeLondon

ChrisBailey, CURL ExecutiveSecretary

Lou Burnard,Universityof Oxford

Nancy Elkington,ResearchLibrariesGroup

PeterFox, Universityof Cambridge

DaveHoldsworth,Universityof Leeds

ClareJenkins,ProjectDirector(Chair)

PatriciaKilliard, Universityof Cambridge

David Price,Universityof Oxford

Kelly Russell,CedarsProjectManager
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Terms of Reference

TheCedarsManagementGrouphasbeenestablishedto assumeresponsibilityfor theCedarsprojectwork onbehalfof
CURL andtheCedarsAdvisory BoardandtheCedarsProjectPartners.

It hasthefollowing termsof reference:

TheCedarsManagementGroupwill:

Ó receiveregularreportsfrom theCEDARSprojecton its progress,futureprojectplansandassociatedmilestones
anddeliverables

Ó commenton suchplansin thelight of availableresourcesandtheneedfor economyandefficiency;

Ó ensuretheprojecthasin placeanappropriatemanagementstructureandprojectmanagementmethodologyto
securetherealisationof projectplans;

Ó approveof any proposedchangesto theoriginalproposalandsubsequentwork plan;

Ó agreestaffing arrangementsat eachpartnersitefor theprojectasproposedby theProjectManager;

Ó arbitrateon any conflictswithin theprojector negotiatea solutionto suchconflicts.

It is expectedthattheManagementGroupwill meetquarterly.
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Appendix Two : A Digital Preservation Bibliography

[1] Mark Fresko. Digital PreservationStudyPageUSINGTELEMATICSTO SUPPORTPERSONAL. AppleraceLtd,
http://easyweb.easynet.co.uk/˜marc/,1998.This pageis intendedfor theDigital PreservationStudybeing
conductedby AppleraceLimited for theEuropeanCommission.Theinformationon thispageis presentedwithout
any guaranteeof its correctness.It showsGuidelinesandpotentialGuidelineswhich havebeensuggestedby
survey respondents.Entrieson thelist havenot beenvalidatedin any way.

[2] Digital Library Net. Libronix Corporation,http://www.digitallibrary.net/,1999.This sitehostslinks relatingto
digital librariesandrelatedtechnologieslike informationretrieval andmetadata.

[3] HartmutWeber, MarianneDörr, andAndrew Medlicott. Digitization asa Meansof Preservation?CLIR,
http://www.clir.org/pubs/reports/digpres/digpres.html, 1997.Final reportof aworking groupof theDeutsche
Forschungsgemeinschaft(GermanResearchAssociation).

[4] DoronSwade.TheProblemsof SoftwareConservation. CCS,
http://www.cs.man.ac.uk/CCS/simulate/simhome.htm,1992.Thepurposeof this articleis to explore
museologicalaspectsof software.Theissuesraisedareconcernedlesswith computingasanhistoriographictool
thanwith computingasanobjectof historicalstudy.

[5] EinatAmitay. IR andIE on theweb. EinatAmitay, http://www.mri.mq.edu.au/˜einat/webir/mailinglists.html,
2000.This siteis a collectionof onlineresourcesfor researchin thefield of informationretrieval andinformation
extractionfrom theweb.

[6] Neil BeagrieandDanielGreenstein.CreatingA ViableScholarly Data Resource. AHDS,
http://ahds.ac.uk/deposit/viable.html, 1998.This InformationLeafletis intendedto inform artsandhumanities
researchersandteachersaboutstepsthey cantake to ensurethatdataresourcesthey createtodayareaccessibleto
them,andpossiblyto othersin futuredespitenumerousandunpredictablechangesin computertechnologies.

[7] AnneNieutin,DelphineWeber, andLionel Micault. Preservingcollections. BNF,
http://www.bnf.fr/institution/anglais/consergb.htm, 1997.Conservationpastandpresent.

[8] StuartLee. ScopingtheFutureof Oxford’sDigital Collections. OxfordUniversity,
http://www.bodley.ox.ac.uk/scoping/, 1999.This is thehomepageof theMellon-funded‘ScopingtheFutureof
Oxford’sDigital Collections’Reportwhich ranfrom November1998to July1999.

[9] NHPRC.TheTenQuestions. UMICH, http://www.si.umich.edu/e-recs/Research/NHPRC.html,1991. In 1991,
theNHPRC(NationalHistoricalPublicationsandRecordsCommission)fundeda Working MeetingonResearch
Issuesin ElectronicRecords,heldin Washington,D.C. Oneof themainresultsof thismeetingwasa setof ten
questionsthatfutureresearchin electronicrecordsshouldtry to reacha consensuson.

[10] PeterGraham.IntellectualPreservation:Electronic Preservationof theThird Kind. CPA,
http://www.clir.org/cpa/reports/graham/intpres.html, 1994.

[11] KarlaYoungsandOliverMossJaneWilliams. TASI:Digital Preservation. ILRT, Universityof Bristol,
http://www.tasi.ac.uk/building/dig pres1.html,1998.

[12] PeterScott.Electronic JournalsResourceDirectory. Universityof SaskatchewanLibraries,
http://library.usask.ca/˜scottp/links/,1999.

[13] ThomShepard.UPF VIEWS. WGBH, http://info.wgbh.org/upf/UPFVIEWS.HTML, 1998.

[14] PRESERVINGAND ARCHIVINGELECTRONICGOVERNMENTINFORMATION. Library, Universityof
California,Berkeley, http://www.lib.berkeley.edu/GODORT/whiteiv.html, 1995.Chapter4 of WHITEPAPER-
GovernmentInformationin theElectronicEnvironment.

[15] Working Meetingon ElectronicRecords.General BackgroundWorking PapersandFindings. Universityof
Pittsburgh,http://www.sis.pitt.edu/˜cerar/ppr-find.htm, 1997.
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[16] MANAGINGELECTRONICRECORDSISSUESa discussionpaper. StateRecordsof SouthAustralia,
http://www.archivenet.gov.au/Resources/SAdiscussion0498/Records08SA.htm,1998.discussionpaper.

[17] KatharinaKlemperer. Preservationandarchivingof electronic material. Library andInformationSystems
Consulting,http://www.harrassowitz.de/ms/ejresguide.html#Preservationandarchiving of electronicmaterial,
1999.partof ElectronicJournals:A SelectedResourceGuide.

[18] David HaynesAssociates.Responsibilityfor Digital ArchivingandLongTermAccessto Digital Data. David
HaynesAssociates,http://www.dha-info.demon.co.uk/digital.htm,1999.Thefinal reportof this eLib supported
studyhasbeenpublishedby theLibrary InformationTechnologyCentre.Thereportpresentsthefindingsof an
investigationinto optionson theresponsibilityfor maintaininganarchiveof digital materialsproducedin theUK
andIreland.

[19] ManagingDigital Collections. AHDS, http://ahds.ac.uk/manage/manintro.html, 1999.TheAHDS is commitedto
establishinga framework of strategiesandstandardsfor developing,managing,anddistributinghigh-quality
digital scholarlyandheritageresources.Theframework is beingdevelopedthroughappliedresearchwhose
outputsarebeingassembledinto this publicationseries.

[20] Jeff Rothenberg. EnsuringtheLongevity of Digital Documents.
http://www.uic.edu/depts/lib/libclasses/Rothenberg.html, 1995.Thedigital mediumis replacingpaperin a
dramaticrecord-keepingrevolution.But suchdocumentsmaybelost unlesswe actnow.

[21] JudyAhronheim.JUDY ANDMAGDA’S LISTOF METADATA INITIATIVES.
http://www-personal.umich.edu/˜jaheim/alcts/bibacces.htm,1997.Below is a list of metadataschemaand
proposalsthathave thepotentialof beingwidely usedasstandardsfor thedescriptionof materialsin anelectronic
environment.Someof theprojectslistedbelow werediscoveredthroughanemailquerydirectedat several
listservs.Therestwerelocatedthroughanassortmentof searchesandreferrals.

[22] Universityof MichiganDigital Library Project. http://www.si.umich.edu/UMDL/,2000.Welcometo theUMDL
Project’swebsite.Hereyouwill find thelatestnews in who weare,whatwe aredoing,andwherewearegoing.

[23] Library Link. Archiving: whoshoulddo it andhow?
http://www.mcb.co.uk/services/conferen/webforum/mcb-liblink-forum/144.html, 1998.ALA Midwinter
Pre-conferenceDiscussion.

[24] ARLMembershipMeetingProgramonPreservationof Digital Information. Associationof ResearchLibraries,
http://www.arl.org/preserv/init.html, 1998.

[25] AboutPaperDisk(TM)Software. paperdisk.com,http://www.paperdisk.com/aboutpd5.htm,1998.PaperDiskis a
novel andpowerful technologythatconnectsprinteddocumentsto theworld of digital information.It forgesthis
link by storingandcommunicatingdigital datavia theprintedpage.

[26] DonaldWaters.TheSocialOrganizationof ArchivingDigital Information.
http://www.oclc.org:5046/oclc/research/links/archtf/archtf outline.html,1995.

[27] SusanJephcottandNeil Beagrie.Digital Preservation:a Guideto WebResources. AHDS,
http://ahds.ac.uk/resource/preserve.html, 1999.

[28] RightsManagementin theDigital Library. IBM, http://www.almaden.ibm.com/cs/DLRM/,1995.

[29] SamColemanandJackCole. MediaManagementSystemRequirements(DRAFT). IEEE StorageSystem
StandardsWorkingGroup,http://www.ssswg.org/public documents/MMSREQ draft5.2.html,1998.Thepurpose
of thisdocumentis to list requirementsfor theMediaManagementSystem(MMS), a setof IEEEstandardsthat
arebeingdevelopedby theIEEEStorageSystemStandardsWorking Group.Thisdocumentservesto guidethe
P1244standardsdevelopmenteffort. It is not intendedto guideoutsideefforts,or to serveasanabsolutesetof
requirementsfor thestandards.Theserequirementscanbereasonablyimplemented,andwill beof valueto a wide
rangeof users.They areneitherabstractgoals,nor complex standardsof useonly to a smallgroupof elite users.
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[30] BernieHurley. BrainDumpPaper#3 - SystemArchitectureConsiderationsfor Digital Archival Repository
Services. http://sunsite.berkeley.edu/MOA2/papers/dump3.html,1997.

[31] Wei Wu, CharlesW. Bailey Jr, Ann Thornton,andSteveBonario.Library-OrientedLists& Electronic Serials.
WRLC, http://www.wrlc.org/liblists//liblists.htm,2000.Thisdocumentis a compilationof electronicdiscussion
lists,distribution lists andserialswhich areof interestto library professionalsandstaff.

[32] Journalof Digital Information. MultimediaResearchGroup,Universityof Southampt,http://jodi.ecs.soton.ac.uk/,
2000.Publishingpaperson themanagement,presentationandusesof informationin digital environments.

[33] NEDLIB- NetworkedEuropeanDepositLibrary. KB - NationalLibrary of theNetherlands,
http://www.konbib.nl/nedlib/,2000.NEDLIB is a collaborativeprojectof Europeannationallibraries.It aimsto
constructthebasicinfrastructureuponwhich a networkedEuropeandepositlibrary canbebuilt. Theobjectivesof
NEDLIB concurwith themissionof nationaldepositlibrariesto ensurethatelectronicpublicationsof thepresent
canbeusednow andin thefuture.

[34] RenatoIannella.Metadata.NetHomePage. DSTCPtyLtd,
http://www.ilrt.bris.ac.uk/discovery/mirrors/metadata.net/,1998.

[35] ReginaldFerber. HypermediaandMetadata. GMD-IPSI,http://www.darmstadt.gmd.de/˜ferber/delos/index.html,
1996.PositionPaperfor thesecondDELOSWorkshop,BadHoneff 7/8 Oct.1996.

[36] Digital Library Federation- ProjectsandPlans. CLIR, http://www.clir.org/diglib/dlfprojects.htm,1998.

[37] CanadianInitiative onDigital Libraries. CIDL, http://www.nlc-bnc.ca/cidl/cidle.htm,2000.TheCanadian
Initiativeon Digital Libraries(CIDL) is anallianceof Canadianlibrarieswhorecognizethegrowing importance
of digital information,andwho wish to collaborateto ensurebetteruseof digital informationandbetterserviceto
their users.

[38] SecondEuropeanConferenceon Research andAdvancedTechnologyfor Digital Libraries.
http://www.ics.forth.gr/2EuroDL/, 1998.

[39] Arturo Crespo.Archival Digital LibrariesRepositories. StanfordInfolab,
http://www-db.stanford.edu/˜crespo/archivalrep/,1999.

[40] Digital ResourcesCommitteeStandardsSubcommittee.StandardizedHandlingof Digital Resources:An
AnnotatedBibliography. AmericanLibrary Association,
http://www.ala.org/alcts/publications/netresources/bibmeta.html,1998.

[41] Keepingour word: preservationacrosstheages. UniversityLibraries,Universityof Iowa,
http://www.lib.uiowa.edu/ref/exhibit/links.htm, 2000.PreservationResearchLinks.

[42] HowardBesser. InformationLongevity. http://sunsite.berkeley.edu/Longevity/, 2000.Notesandlinks for the
long-termarchiving of digital information.

[43] Digital Library Research & Development. SunSITE,http://sunsite.berkeley.edu/R+D/,2000.SunSITEHosted
Projects.

[44] Preweb- PreservingtheWeb. NationalLibrary of Sweden,http://kulturarw3.kb.se/html/preweb.html, 2000.

[45] PADI - PreservingAccessto Digital Information. NationalLibrary of Australia,http://www.nla.gov.au/padi/,
1999.PADI is a subjectgateway to digital preservationresources.

[46] TerryKuny, JanStohner, StephenSpencer, Nancy Brodie,FayTurner, andRoy Tennant.Digital Libraries-
MetadataResources. IFLA, http://www.ifla.org/II/metadata.htm, 1999.

[47] StevenKetchpel.AnnotatedBibliographyof Digital Library RelatedSources.
http://robotics.stanford.edu/users/ketchpel/annbib.html, 1998.
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[48] SUNSiteManager. PreservationResources. Universityof CaliforniaRegents,
http://sunsite.berkeley.edu/Preservation/,2000.

[49] Yahoo! ReferenceÔ LibrariesÔ Library andInformationScienceÔ Journals. Yahoo,
http://uk.dir.yahoo.com/reference/Libraries/Library and Information Science/Journals/,2000.

[50] LeonMiller. Ready, ‘Net, Go! Archival InternetResources. TulaneLibraries,
http://www.tulane.edu/˜lmiller/ArchivesResources.html,2000.Thisserviceis anarchival metaindex, or index of
archival indexes.Thatis, from herewe referyou to themajorindexes,lists,anddatabasesof archival resources.
Fromthemyou canlink to almosteveryarchivesandarchival resourcein themetaverse.

[51] CharlesW Bailey, Jr. Scholarly Electronic PublishingBibliography. Universityof HoustonLibraries,
http://info.lib.uh.edu/sepb/sepb.html,2000.Thisbibliographypresentsselectedarticles,books,electronic
documents,andothersourcesthatareusefulin understandingscholarlyelectronicpublishingeffortson the
Internetandothernetworks.Mostsourceshavebeenpublishedbetween1990andthepresent;however, a limited
numberof key sourcespublishedprior to 1990arealsoincluded.Wherepossible,links areprovidedto sources
thatareavailablevia theInternet.

[52] JSTOR. http://www.jstor.ac.uk/,2000.

[53] MIT Electronic RecordsManagementHomePage. MIT, http://web.mit.edu/erm/,1998.PreservingEvidenceof
MIT’ spast.

[54] TheJournalof Electronic Publishing. Umich,http://www.press.umich.edu/jep/,2000.

[55] SimonPockley. LestWe Forgetor Digital preservation- theWorld WideWebasa repositoryfor archival
material. http://www.cinemedia.net/FOD/1996/spockley55.html, 1996.Thereis avery realpossibilitythat
nothingcreated,storedanddisseminatedelectronicallywill survivein thelong term.Theproblemdoesneedto be
statedthis dramatically. I haveanunfailing sinkingfeelingwheneveranybodylinks theconceptsof digitisation
andpreservation.I havea profoundandunchangingbelief thatthesetwo conceptsdo not belongin any sensein
thesameworld.

[56] Kyle Silfer. CYHISTarchives– November1998,week3 (#10).
http://maelstrom.stjohns.edu/CGI/wa.exe?A2=ind9811c&L=cyhist&D=0&P=944, 1998.apostto Community
Memory: DiscussionList on theHistoryof Cyberspace.

[57] HartmutWeber, MarianneDörr, andAndrew Medlicott. Digitisation asa Methodof Preservation?ECPA,
http://www.knaw.nl/ecpa/publ/weber.html, 1997.Final reportof aworking groupof theDeutsche
Forschungsgemeinschaft(GermanResearchAssociation).

[58] Eric Davis. AnOverview of theAccessandPreservationCapabilitiesof Digital Technology.
http://www.iwaynet.net/˜lsci/diglib/,1996.Theageof digital technologyhasrevolutionizedcommunications.It is
usedandenjoyedby all levelsof societyfor business,education,research,andentertainment.Our National
InformationInfrastructureis in place,andbeingimprovedconstantly. To a degree,theworld’s librarieshave
embracedthis new technology, but a complex questionremains:to whatdegreedo we incorporatedigital
technologyto serveourprimaryresponsibilitiesof providing accessto andpreservationof thecollective
informationof our culture?Thesinglemosttroublingquestionis this: Whatarethelong-termpreservation
capabilitiesof digital technology?Thesequalitiesarewell known for preservationphotocopying and
microfilming,but arestill largelyanunknown landscapein thedigital environment.

[59] PapercomAllianceandPapercomAlliance. MediaLongevity Are We LosingThePreservationFight?
http://www.papercom.org/disks.htm, 1997.

[60] BrewsterKahle. Archiving theInternet. http://www.archive.org/sciamarticle.html,1996.

[61] IssuesandInnovationsin... PreservingDigital Information. http://www.arl.org/transform/pdi/index.html, 1998.
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[62] MargaretMacLeanandBenH Davis. TimeandBits: ManagingDigital Continuity. J.PaulGettyTrust,
http://www.getty.edu/publications/titles/time/,1999.An integratedtechnicalandphilosophicaldiscussionof
digital archivesandtheir futurethatincludesthesocioculturalandeconomicimplicationsof boththeproblems
andthesolutionscouldprovidea framework for long-termdigital culturalpreservation.

[63] Metadatafor Digital ImagesDMC Home—About— Projects— Resources—Services—Metadatafor Digital
Images. Universityof VirginiaLibrary, http://www.lib.virginia.edu/dmc/meta.html, 1998.This is themetadataset
currentlyusedin imagedescriptionat theDigital ImageCenter, with acknowledgmentsto HowardBesserfor his
veryusefulwork in this area.

[64] NationalData Repository. ULCC, http://www.ulcc.ac.uk/ndr/NDRhome.html,2000.

[65] JessicaMilstead.Metadata:CatalogingbyAnyOtherName.. OnlineInc,
http://www.onlineinc.com/onlinemag/OL1999/milstead1.html, 1999.

[66] EuropeanUnion ArchiveNetwork. InternationalInstituteof SocialHistory, http://www.iisg.nl/˜euan/,2000.

[67] RichardCox. FunctionalRequirementsfor Evidencein Recordkeeping. Universityof Pittsburgh,
http://www.lis.pitt.edu/˜nhprc/,1996.Themajorobjectivesof this researchprojectwereto developa setof
well-definedrecordkeepingfunctionalrequirements– satisfyingall thevariouslegal,administrative,andother
needsof a particularorganization– which canbeusedin thedesignandimplementationof electronicinformation
systems.

[68] RLG WG onPreservationIssuesof Metadata,BarbaraBerger:CornellUniversity, Jim Coleman:
StanfordUniversity(Co-Chair),Willy Cromwell-Kessler:RLG (Co-Chair),RobinDale:RLG, BobDeCandido:
New York PublicLibrary, CarlaMontori: Universityof Michigan,andSeamusRoss:Universityof Glasgow. Final
Report. RLG, http://www.rlg.org/preserv/presmeta.html, 1998.A significantcomponentof creatingandmanaging
digital collectionsis ensuringthattheinformationessentialto their continueduseis preservedin anaccessible
form. TheWorking GrouponPreservationIssuesof Metadatawasconstitutedin May 1997asafirst stepin the
processof addressingthis issue.Thegroupwasaskedto identify thedescriptivedataelementsthatshouldbe
associatedwith digital masterfiles thathavepreservation-basedintent.TheWorking Groupalsolimited itself to a
considerationof dataelementsthatdescribedigital imagefiles.

[69] PANDORA:PreservingandAccessingNetworkedDOcumentaryResourcesof Australia. NLA,
http://pandora.nla.gov.au/pandora/,2000.In orderto setupa digital archiveof Australianonlinepublications,in
June1996theNationalLibrary of AustraliaestablishedthePANDORA Project.

[70] StevenB Robertson,Alan R. Heminger(FacultyAdvisor),andJamesWedertz(FacultyReader).Digital Rosetta
Stone:A ConceptualModelfor MaintainingLong-TermAccessto Digital Documents.
http://www.au.af.mil/au/database/research/ay1996/afit la/robersb.htm,1997.Dueto therapidevolutionof
technology, futuredigital systemsmaynot beableto readand/orinterpretthedigital recordingsmadeby older
systems,evenif thoserecordingsarestill in goodcondition.This thesisaddressestheproblemof maintaining
long-termaccessto digital documentsandprovidesamethodologyfor overcomingaccessdifficultiesdueto
technologicalobsolescence.A review wasconductedto determinethelong-termaccessmethodsthathavealready
beensuggestedby otherresearchers.Thesepreviouslysuggestedmethodsarethencombinedwith otherideasthat
wereencounteredandconceivedwhile performingresearchfor this project.Thecombinationof thesemethods
andideasled to thecreationof amodel,theDigital RosettaStone,thatprovidesa methodologyfor maintaining
long-termaccessto digital documents.Thehypothesisfor themodelis thatknowledgepreservedaboutdifferent
storagedevicesandfile formatscanbeusedto recoverdatafrom obsoletemediaandto reconstructthedigital
documents.TheDigital RosettaStonemodeldescribesthreeprocessesthatarenecessaryfor maintaining
long-termaccessto digital documentsin their native formats-knowledgepreservation,datarecovery, and
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[505] H WeberandDörr, M. Digitisationasa methodof preservation?Amsterdam:EuropeanCommissionon
PreservationandAccess;Washington,D.C.: Commissionon PreservationandAccess,print only, 1997.

[506] GL Weinberg. Theendof Ranke’shistory?Reflectionson thefateof historyin thetwentiethcentury. In:
Weinberg, G.L. Germany, Hitler andWorld War II, 325-336,1995.Article by academichistoriantakinga
pessimisticview of thefutureof historicalresearchwith referenceto theincreasedsecurityclassificationof US
governmentalrecords,theincreaseduseof computersin societyandthechallengeof machine-readablerecords.
Thearticlewasfirst publishedin: SyracuseScholar, 9 (1), 1988,51-59.Seealsohis: Theendof history?In:
AmericanHistoricalAssociationPerspectives,25,Febuary1987,16-19.

[507] T vanderWerf-Davelaar. Long-termpreservationof electronic publications:theNEDLIBproject.
http://www.dlib.org/dlib/september99/vanderwerf/09vanderwerf.html, 1999.D-Lib Magazine,5 (9), September
1999(Lastvisited: 04-Oct-1999).

[508] T vanderWerf-Davelaar. DepositLibrariesandtheNEDLIBProject. http://www.exploit-lib.org/issue4/nedlib/,
2000.Exploit Interactive,4, January2000(Lastvisited: 28-Jan-2000).

[509] BJSWilliams. Implicationsfor preservationof thenewer informationmedia. InformationMediaandTechnology,
19 (10),1985-86,13-15,1985.

[510] BJSWilliams. Implicationsfor preservationof thenewer informationmedia. NationalPreservationOffice, In:
Conservationin crisis: proceedingsof a seminar, NPOseminarpapers,1, 1987,57-64.,1987.

[511] R Williamson. TheKnowledgeWarehouse. British Library, Library andinformationresearchreport,65,1987.

[512] R Williamson. Electronic text archiving. Elsevier AdvancedTechnologyPublications,print only, 1988.

[513] DR WinterbottomandFiddes,RG. Life expectancyof write oncedigital optical discs. British Library Research
andDevelopmentDepartment,British Library researchpaper, 66,1989.

[514] S Yorke. Playingfor Keeps:theProceedingsof an Electronic RecordsManagementConferencehostedby the
Australian Archives. AustralianArchives,http://www.naa.gov.au/govserv/techpub/keeps/keeps.htm, 1995.(Last
visited: 06-May-1999).

[515] WIPOPerformancesandPhonogramsTreaty(Adoptedby theDiplomaticConferenceon 20 December1996).

[516] EU Directive92/100on rentalrights, lendingrights andon certainrightsakin to copyright[OJ 1992L346/61].
1994.Known asTheRentalDirective, implementationdate1 July1994.

[517] EU Directive93/83oncopyrightandneighbouringrights relatingto satellitebroadcastingandcable
retransmission[OJ 1993L248/15]. 1993.Known asTheSatelliteandCableDirective,adoptedSeptember1993,
implementationdate1 January1995.

[518] EU Directive96/9on thelegal protectionof databases,OJ1996L77/20. 1998.Known asTheDatabase
Directive, implementationdate1 January1998.

[519] EU Directive93/98onTermof Protectionof Copyright[OJ 1993L248/15]. Known asTheDurationDirective,
implementationdate1 July1995.

[520] Proposalfor directive- ‘Copyright andrelatedrights in theinformationsociety’[1998] OJ C108/6. 1998.

[521] DennisN NicholsonandSmith,Martin. CATRIONA II - A Review of InternetFile Formats.
http://wp269.lib.strath.ac.uk:5050/Cat2/formats.html, 1998.This is a review of a rangeof file formatscommonly
foundon theweb. Strengthsandweaknessesincludeidentificationof proprietaryissues,which informs
dependencieswhichwill affect long termpreservation.

[522] UPF Home. http://info.wgbh.org/upf/index.html. ThissitedisseminatesinformationabouttheproposedUniversal
PreservationFormatfor thearchiving of mediaassets.

[523] MaynardBrichford andWilliam Maher. Archival Issuesin NetworkElectronic Publications. Library Trends43,
(Spring1995):701-712,1995.



TheCedarsProjectReport(April 1998–March2001),June2001 109

Appendix Thr ee: Typology

This is a typologyof digital resourcesfor Cedars.Thepurposeof thisdocumentis to:

× Identify anddescribethedimensionswhichdefinethedifferencesbetweenvariousdigital resources;

× Providea framework which canbeusedby othersto categorisetheir own digital resourcesfor thepurposeof
digital preservation;

× Helpgeneratea decisionaid to assistlibrarianswhoneedto decidewhichdigital resourcesto preserve;

× Inform theselectionof metadataelementsfor digital resources.

Thetypologyconsistsof variousdimensionsdetailedbelow. Thetypologycanbesaidto work if thedigital resources
canbesufficiently describedby thedimensions.

1. Publication source

Definition Any personor bodyproducingadigital resource.This includestraditionalpublishers,multimedia
publishers,databasepublishers,producersof grey literature,andindividualsproducingpublications.

Function

(a) Publicationsourcecouldaffectcopyright negotiationsandaccessprovisions.

(b) Fundingbodiescouldmakesubmissionof thedigital resourcefor preservationa necessaryconditionof
thefundingarrangement.

2. Publication format

Definition Thedataformatin which theitem is published.This includesdatabaseformats,wordprocessor
formats,print formats,portabledocumentformats,andstructureddocumentformats.

Function Thelevel of difficulty of preservationmayvarybetweenformats.Thisshouldnot necessarilybeusedto
excludeparticularformats.However, somelibrariesmaynot havetheability to preservesomeformats.

3. Publication type

Definition Thetypeof contentof thedigital object.This includesmonographs,journals,databases,hyperlinked
documents,applicationssoftware,computergames,andcommunications,for examplee-mailandusenet.

Function

(a) Librariesmaychoosedigital objectsfor preservationbasedon typeof content.Researchlibrariesmay
decideto excludecomputergamesandapplicationssoftware.Librariesmaydecideto preserve,for
example,editionsof monographsbut not snapshotsof databases.

(b) Preservingdigital objectswhichhavehyperlinksto remotedocuments,or digital objectswhich generate
documentsasa resultof userinteraction,mayposechallengesfor somelibraries.

4. Publication medium

Definition Thephysicalmedium,or deliverymethod,of thedigital object.This includesoff-line media,on-line
media,andhybridmedia.

Function Thelevel of difficulty of preservationmayvarybetweenmedia,in asimilar way to thedifficulty of
preservingvariouspublicationformats.Librariesmaynothave thetechnicalability to preserveall
publicationmedia.
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5. Legal Status

Definition Any availableinformationon thelegal statusof thedigital object.Thismayincludeinformationabout
copyright statusor databaseright, or any relevantlicensingagreement.

Function Librarieswill needto beableto reachagreementswith all ownersof relevantrightsin any givendigital
object,in orderto preservetheobject.Separateagreementsmayneedto bereachedto provideaccessto the
object.

6. Nationality of publication

Definition Thenationalorigin of a digital object.

Function Researchlibrarieswhicharealsodepositlibrariesmaymakedecisionsbasedon theorigin of anobject.

7. Parallel publications

Definition Any digital resourcewhichcouldbeseenasa copy of thecontentof anotherdigital resourceor printed
publication.Digital objectsmayhave identicalintellectualcontentbut vary in formator medium.

Function Librariesmayprefercertainformatsor media,on thegroundsof easeof preservation.

8. Technicalenvir onment

Definition Thetechnicalenvironmentwhich rendersthedigital object.This includesthehardware,theoperating
system,theaccessor databasesoftware,thenetwork accessmethod,andthevieweror browsersoftware.

Function Thedifficulty of preservingadigital objectmayvarydependingonwhether, for example,it is designed
for on-lineor off-line use.Thesamedigital objectmaybepublishedfor varioustechnicalenvironments,one
of whichmaybeeasierfor thelibrary to preserve.

9. Content level and intellectual value

Definition Thesignificanceof thedigital resourceasjudgedby subjectspecialistsin therelevantfield or fields.
Digital objectsmaycontaincontentof varyingutility for researchlibraries.

Function Someclassesof materials,for examplesomeformsof ephemera,maynot beconsideredworth
preserving.

10. Subjectarea

Definition Thesubjectareaof thecontentof thedigital object.

Function Librarieswill havestrengthsin particularsubjectareas,which they maywish to foster.
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Appendix Four : The Metadata Specification
Walkthr ough

CedarsMetadata Walkthr oughDay, Birmingham University Library , April 2000

4.1 Intr oduction

In April 2000,theCedarsprojectpublisheda draftoutlinespecificationfor digital preservationmetadatafor public
comment,aspartof theirwork into exploring long termdigital preservation.Parallelto thecollectionandcollationof
thepubliccomments,aninvite-only “walkthroughday” washeldat BirminghamUniversityLibrary, whichbrought
togethera rangeof individualswhowereinvolvedin variousdigital preservationactivities.

This groupusedthedraft specificationto go througha rangeof digital resourceswhich wereunderconsiderationwithin
theCedarsproject,not only to assignvaluesto theelementsin thespecification,but alsoto raiseanddiscussissues
which arose,to inform thesubsequentdevelopmentof this document.

This reportgivesabackgroundto theoutlinespecificationdocument,theobjectivesandstructureof theday, andthe
outcomes.Thekey issuesfrom thedayarelisted,andcompletedtemplatesfor eachresourceareshown. Thesefindings
arepresentedin astyleconsistentwith thetablesusedin thedraft metadataspecification(CedarsProjectTeam,2000),
for easeof use.

4.2 Background

Previousdraftsof whathasbecometheoutlinespecificationdocument(e.g.StoneandDay1999,Day1999)took
metadataelementsfrom a varietyof selectedinitiativesin theCedarsmetadatareview, andmappedthemontothe
taxonomyof theinformationpackageidentifiedin theOAIS model(CCSDS,1999).A versionof thatdocumentwas
circulatedfor selectiveconsultationin December1999.

A key objectiveof themetadatawalkthroughexercisewasto work throughthemetadatasetin thedraft specification
(CedarsProjectTeam,2000)with a rangeof individualswith mixedbackgroundsandskill sets,but all from the“digital
libraries” community. It wasanticipatedthatthefeedbackgainedfrom this “expertpanel”would inform how theCedars
projectwill dealwith theassimilationof thefeedbackfrom thepublic review stage,which will beusedto refinethe
metadatadocumentin thelight of this feedback,in additionto, incorporatingthefeedbackobtainedfrom the
walkthroughdayitself.

It wasanticipatedthatthewalkthroughwould bemorethanmerelya “filling in theblanks”exercise;from earlyon in the
project,anumberof issueshadbeenraisedwhich triggera considerableamountof debate,with no“right” or “wrong”
answersin general.By bringingtogethera numberof stakeholdersin thedigital preservationarena,representinga
varietyof backgrounds,concerns,andknowledgebases,it washopedthatthediscussionswhich wouldarisefrom the
daywould point to themainareasof discussion,andteaseout questionswhich thedifferentcommunitieswouldwish to
beanswered.In addition,by bringingtogethersucharangeof peoplefor this kind of session,theseissuescouldbe
discussedliterally roundthetable,andwhilst emailhasbeenausefulform of communicationto raiseissuesandhave
(fragmented)discussions,therehasnot beenanopportunityto explore(anddocument)theissuesanddiscussionsarising
from real-timeface-to-faceinteractionsuntil now.

This groupcontainedanumberof differentknowledgebases;includingthosewith experiencein cataloguing,libraries
systems,collectionmanagement,anddigital text archiving. Similarly, therewasa diversityin perspectives;from
strategic andmanagementto implementation.All madeinvaluablecontributionsto a stimulatingandeye-openingsetof
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discussions.It wasfelt by all thata face-to-facediscussionof theissues,which this exerciseprovoked,notonly allowed
concernsandquestionsto bevoiced,but alsoto gainunderstandingof themultitudeof perspectiveswhich necessarily
exist in thedigital preservationarena.Many felt thataftertheday, they hasa greaterappreciationof theissues
surroundinglong-termdigital preservation,andthework whichneedsto bedoneto continuetheresearchand
developmentin this field will involve their skills andexperience.Similarly, theneedfor communicationand
interdependencebetweenthesevariousexpertsis essentialfor thiswork to progresseffectively - it is only by continuing
this processthatwe canmovetowardsrealisticandeffective long termdigital preservationsolutions.

4.3 Structur eof the Day

Kelly Russellbeganthedaywith anoverview presentation,which reiteratedthebackgroundasoutlinedabove,and
outlinedsomebasicworkingassumptionsfor thewalkthroughexercise.Thesewere:

Ø Preservationmetadatawill betheresponsibilityof thedigital archive

Ø We areactingas“cataloguers”atanOAIS level

Ø We areworking in isolation(recognisingthatfor a realdigital archive,this wouldbeveryunlikely)

Ø Themetadatawill beupdatedaspartof thearchive’sadministrativefunction

Ø Eachmanifestationof a work will havea metadatarecord- which mightbelinkedto previousrecords

Thewalkthroughexerciseitself involvedthegroupworking together, completinga form whichcontainedthemetadata
itemsfrom thedraft specification.Eachpersoncompletedtheform on their own, andthentheresultswerecollatedand
discussed.Not everyonefelt they couldsupplya valuefor eachitem; in somecasesthis identifiedanissue(or setof
issues)which, in somecases,resultedin discussionwhich elaboratedon these.

Someissueswerementionedin morethanoneexercise,but thesehavebeencitedin theexercisethey werefirst identified
in for thesakeof simplicity. In certaincases,theseissuesmanifestedthemselvesin slightly differentways,dueto the
differentnatureof a resource.Theseresultswill inform thefurtherdevelopmentof themetadataspecification,alongwith
thefeedbackfrom thefirst public draft.

4.4 Table summarising issuesraised in walkthr ough

Theseissuesareonesraisedin thewalkthroughwhichareof relevancebeyondeachdistinctresource.Thesearelistedin
thesametableformatasthewalkthroughresources(which is thesameformatasin thedraftmetadataspecification),for
consistency.

A generalpoint regardingtheOutlineSpecificationis thatit will needto makeclearwherepossiblewhichelementsit
assumeswill accompany theobjectandwhich will needto begeneratedby thearchive. This mayvaryaccordingto
differenttypesof resource,but it is expectedthatthiswill becomeeasierto identify with theassistanceof thetestsites.

Therewasalsoa discussionregardingviruses:David Priceremarkedthatdueto virus problemsin thepastwith digital
resources,theBodleianLibrary hasa procedurewhich involvesvirus checking.Kelly Russellagreedthatvirus checking
couldbeapre-requisite,andis somethingwhich archivesmustkeepin mind. A sidediscussionaroseregardingthe
preservationof viruses,but this issuewasfelt to bedistinctfrom thework in hand.However, this is somethingwhich
needsto beflagged,andshouldbeconsideredin relationto thecoreCedarswork.
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PDI 1.1.1.1ResourceDescription:
dcTitle: For seriestitles, thisneedsto berepeatable(alsoatcollectionlevel?) - it is easyfor confusion

with respecttogranularitytodevelophere,unlessapriori assumptionsaremadewhendealing
with thesetypesof resourceby thearchive,andthesearereferredto.

dcDate: Thereneedsto be clarificationwhat this actually indicates: i.e. dateof copyright, dateof
digitisation,dateof ingest?(ThiscouldbespecifiedasanXML attributein ournext version)

TheResourceDescriptionsectionraisedmuchdiscussionasto theuseof theproposedDublin Coreelements.It was
recognisedthattherewouldbesignificantoverlapbetweenthis andothersectionsof themetadata,but it wassuggested
thatanalgorithmcouldbeusedto populatetherelevantDC fieldsfrom within thepreservationrecord.

Theresourcedescriptionelementsdo notneedto beover-detailed,asthis is partof themetadatawill not beusedfor
resourcediscoveryperse.The“coreset” of elementsneedsto befurtheridentifiedfor thissection,work doneon
mappingsbetweenDC andMARC mayinform thisactivity (title, responsibilitystatement,publishingstatementanddate
werementionedasparticularareasto explore).

1.1.1.2Existing Metadata:
ExistingRecord: Casesexist where,for parallelpublications,MARC recordsexist for the print version,al-

thoughwill needto considerwhatto dowherenodistinctMARC recordexistsfor electronic
version- explore if therecanbe a transformationwhich canappenda relevantcommentin
theappropriatefield?
Also, thereareMARC-DC converterswhich maybeusefulin populatingtheReferenceIn-
formationsectionabove; it may be possibleto develop algorithmsto facilitatethis (andto
populateDC fieldswith appropriatevaluesfrom otherresources).Of particularinterestare
mappingsto Title, RespStmt,PubStmt,andDate.
If a serviceis beingpreserved, therearea numberof granularityissueswhich needto be
dealtwith. This will have implicationson how structureof any existing metadatais stored,
andconsequentlyhow existingmetadatais referredto.

1.1.2Context Inf ormation:
Related Information
Object:

We needto clarify what we meanby “significantly related”asan attribute. Therearetwo
waysto considerthis: physical(e.g. hyperlinks),andlogical (i.e. aspartof a series).This
needsto beexploredfurther, andmayhelpto dealwith notionsof granularity.
Context informationcanalsomeanpackaging,etc- therecanbeimportantinformationcon-
tainedin packaging;this alsogivesa usera betterideaof how the resourcewassupplied
(whereapplicable)
Thenotionof describinggranularitywasraised(seeabove)
Theremay be varying extentsof documentation;e.g. for a web-basedservice,the docu-
mentationavailableon this may differ greatly from that held by the serviceprovider. This
maynot bepublicly availablefor securityissues,althoughit shouldbearchivedif we areto
successfullyarchive theservice.
Whereavailable,but alreadycontainedwithin thearchivedresource,distinct referencingto
thedocumentation(e.g.a separateCRID) would beuseful.

It wasagreedthatthis elementneedssomethingto explicitly statethetypeof relationship.
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1.1.3ProvenanceInf ormation:
1.1.3.1History of Origin:

Reasonfor Creation: This shouldbeconsidered“Less Significant”becauseit would be lessrelevant to materials
“born digital”. It wasfelt thatsubjectivity would inevitably arisefor mostmaterials.
A list of pull down optionswassuggested,for Digitised materials:theseoptionscould in-
clude:

Ù For access

Ù For preservation

Ù Commercialreasons

Ù Exploringdigitisation

CustodyHistory: As with DC.Date,dateof creationneedsto berecorded- in thecaseof custodyhistory, this
shouldonly refer to thedigital file. This shouldbe a requirementfor archiving, andshould
berequiredfor digitisedmaterials

ChangeHistory Be-
fore Archiving:

This is pre-ingestinformation which is different from IngestProcessHistory (seebelow)
whichdocumentswhatthecurrentarchivedoesto thefile on ingest.
Anothersuggestionwasto ensureeachchangehasa“name”and“date” field for eachchange
- i.e. we know who did it, andwhen.
In the caseof fundedprojectswhich areto be archived, it is not clearwhetherthis section
shouldbeusedto documentmeasurestakensincetheendof thefundingperiod,alsoin the
caseof joint projectswhoseresponsibilitythis would beaftertheendof thefundingperiod.
This needsto beraisedwith theappropriatebodies,sincethis is not documentedat present,
not any bestpracticeestablished.Work needsto take placein this areawith the funding
bodies,to ensurethis informationis capturedat thetime - doingthis aftertheeventmaynot
bepossiblein many cases.

1.1.3.1.4OriginalTechnicalEnvironments:
Prerequisites: Prerequisitesshouldbenot just thoseavailable,but systemsrequired.

On multi-platformresources,resourcefunctionalitymayvary acrossplatforms.Somefunc-
tionality maybeincludedasevaluationversionsof software;e.g.time-limited.

Procedures: ShouldOriginal TechnicalEnvironmentinclude anothersub-elementfor physicalcarrier?
Archivistsparticularlymay want to includeinformationon the original mediumor carrier;
thismaynot havebeenthemediumon which it waspublished(e.g.websiteson CD)

Documentation: Whena “service” is preserved,it is likely thatsomecommercialsoftwarewill be involved:
it may not be possibleto get permissionto preserve this from vendors(documentationor
thesoftware).Alternatively, onecoulddocumentwhateachpieceof softwaredid, andwhat
proceduresthis involved,this couldassistin thedevelopmentof toolsata laterstage.
In thecaseof projects,documentationdeliveredasa projectdeliverablemaydiffer from that
whichwasusedby theresourcewhenit wasbeingdevelopedandmaintained.

Reasonfor Preserva-
tion:

It wassuggestedthat this elementcouldhave a dropdown list althoughtherewaslittle dis-
cussionaboutwhatthis list wouldcontainasidefrom LegalDeposit.....
Thiselementrequiresalist of options(adrop-downlist wasinitially suggested,but wewould
needtheability to captureandspecifymultiplereasons,i.e. checkboxes).Thefollowingwere
identifiedduringthewalkthrough:

Ù LegalDeposit

Ù IntellectualContent

Ù DemonstratorProject

Ù Access

Thelist mayhave elementssimilar to 1.1.3.1.1“Reasonfor Creation”,particularlyfor those
resources“born digital”. It is importantto bearin mind that similar-soundingreasonsfor
preservationmayhavequitedifferentcontextsfor thelattercategoryof resource,and“digital
surrogates”.
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1.1.3.2ManagementHistory:
Ingest ProcessHis-
tory:

Theprocesswill needto bedocumentedasit happens;if functionalityis notbeingpreserved,
shouldfunctionalitylossalsoberecordedhere?

1.1.3.2.2AdministrationHistory:
Action History: This is wherethe archive accordingto policy might migratedigital objectsinto standard

formats. This is alsowherelinks to earlier (and later) manifestationsof the objectwould
reside.This might alsoincludea link to theoriginal bytestreamfor any objectthathasbeen
changedon ingest(e.g.migratedto a standardformat).

Policy History: For eachactionit mayberelevantto link to therelevantpolicy.
This elementshouldprobablybe definednot asa “set of actions”but the *reasons*for the
setof actions.
Also, what*not* to archiveshouldbeclearin thepolicy; particularlyif policy changesover
time.
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1.1.3.3Rights Management:
NegotiationHistory: This sectioncould not only cover clearanceof rights for contentbut systemsalso (e.g. a

searchenginewhererightsareheldby a third party. This elementneedsto sayits repeatable
becausetheremaybeanumberof separatenegotiationsassociatedwith a digital object.
How is rightsinformationfor time-limitedevaluationcopiesof softwaredealtwith?
Needto clarify if thiscoversnegotiationsbetween:

Ú authorsandpublishers

Ú publishersandarchive

Ú both

Also needto documentwherepublisherdoesnot wantto negotiate.
Wherecorrespondencehastakenplace,(physical)lettersneedto beretained,althoughthere
wasalsoa discussionaboutexpressingwhich stagesa processis at in termsof a metadata
formalism. Definiteagreementthatphysicallettersneedto beretainedto verify suchcorre-
spondencetookplace.

1.1.3.3.2RightsInformation:
Dateof Publication: Which dateto choose- thecopyright datefor theprintedtext (whereapplicable)or thedate

of creationof thedigital version?
Daterangeshouldbeallowed,for certainresources;e.g.projectswhichhadoutputsover the
projectlifespan.

Placeof Publication: Differentjurisdictionswill havedifferentrightslaws. URL doesn’t necessarilyindicatephys-
ical placeof publication(e.g..comis not necessarilyUSA)
Jurisdiction:whereserversarelocated,wherelegally constitutedpublicationbodyis located,
both?

RightsWarning: Someprojects(e.g.ILEJ) havealreadyhadto implementsomekind of rightswarningwithin
their service;checkingfor this upon ingestwould be needed,so that it could be checked
againstanarchive’sstandardpractice.

Contacts or Rights
Holders:

This couldbeadministeredby anexternalbody: this hasimplicationson transferralof data
betweenarchiveandbody.

Actors: It wassuggestedthat this elementbe renamedAction Agentswhich makes the link more
clearbetweentheActorsandActions.
Apart from Archive AdministratorsandUsers(which would be the norm for all resources
underconsiderationin Cedars),whatotherswould beenvisaged?

1.1.3.3.2.3Actions
Therewassomediscussionabouttherelationshipof theselastelements(ActorsandActions)
Is Actionsa sub-elementof Actor?
Would it benecessaryto list theactorsandthentheassociatedactionsallowedto them?How
thiswould beimplementedwasquestionedby a numberof thegroup.
It wasalsonotedthat the introductionto the specificationsuggeststhat actionsassociated
with the preservation processwereassumedto be allowed andtheseagreementswould be
maintainedelsewherein thearchive’sadministration.
Somelicenseshaveexpiry dates,datefieldsmaybeneededto dealwith this.

1.1.4Fixity Inf ormation:
Authentication Indi-
cator:

Therewassomediscussionabouttheneedfor separateauthenticitymechanismswhichwould
form part of the DisseminationInformationPackage(DIP). As materialswasdisseminated
from the archive, the copy would needto be authenticated.It wasagreedthat this did not
form partof this outlinespecificationwhich is concernedonly with theAIP.
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4.5 Walkthr oughresultsfor eachresource

4.5.1 A Digitised Textbook in PDF

Description

Theresourceis called“Accountingassocialandinstitutionalpractice”by Anthony G. HopwoodandPeterMiller,
publishedby CambridgeUniversityPress.Thewholebookis onePDFfile. Althoughothertextbookson theCD were
createdusingaseparatePDFfile for eachchaptertherelevanceof which wealsodiscussedduringthecourseof the
walkthrough.

Assumptions

This is a parallelpublication.

Fromthetitle page,this is partof a print seriescalled“CambridgeStudiesin Management”(which hasa title change
partway along).

Althoughno metadataaccompaniesthePDFfile, therewill beMARC recordsavailablefor theprint version.

¡preservationDescriptionInformation ÛÝÜ referenceInformation ÛÞÜ resourceDescriptionÛ
Ü DCtitleÛ Accountingassocialandinstitutionalpractice Ü /DCtitle Û
Ü DCcreatorÛ Anthony G. HopwoodandPeterMiller Ü /DCcreatorÛ
Ü DCdateÛ 1994 Ü /DCdateÛ

We assignedsome“core elements”andtherewasa greatdealof generaldiscussionaboutusingtheproposedDC
elements.It wasrecognisedthattherewouldbesignificantoverlapbetweenthis sectionandothersectionsof the
metadataif we implementedall theDC fields.However, thegroupagreedthatwewantedto includeany resource
descriptionsthataccompany thematerials- whetherMARC records,DC or EAD records.It wasagreedthatarchives
would wantto keepall existing records(under1.1.1.2).

It wassuggestedthatanalgorithmcouldbeusedto populatetherelevantDC fieldsfrom within thepreservationrecord
(e.g.formatinformationandrelationfieldscouldbegeneratedby bringinginformationfrom therelevantProvenanceand
Context elements)

It wasagreedthatalthoughtheresourcedescriptionelementsneednot bedetailed(rememberthis metadatais not for
resourcediscoveryperse)thereshouldbesome“coreset”of elementsfor thisfield. TherearemappingsbetweenDublin
CoreandMARC which theprojectshouldconsiderbut it waslikely to beTitle, ResponsibilityStatement,Publishing
StatementandDate.This wouldbeexploredfurther.

General Issues

Date:whatis thedateof this publication?Is it thecopyright datewhich is 1994or is it thedateof digitisation(gleaned
from thefiles themselvesas1997?)Wheredowe recordthedateof ingest?Identifier: thereis no ISBN for this digitised
versionalthoughISBN’sexist for bothhardcopy andpaperback

Who is responsiblefor generatingthis metadata?For thepurposesof our exercise,it was“the archive” (i.e.. ourselvesat
themeeting)but in a realserviceenvironmentwho will take responsibility?Do weneedagreementandeventually
standardisation,aboutthemetadatawhichmustaccompany digital materialsif they areto bearchived?It wasgenerally
agreedthatthearchivewouldneedagreatdealof controlof themetadataevenif they didn’t createit all.

Therewasanincreasingawarenessof theneedfor differentdates.Thisexampleshowsusthedifferencebetween
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copyright dateandthedatesomethingis madedigital - this latterdatecouldbeanimportantindicatorthetechnology
used.Whataboutthedateof ingest?Likewise,for thepurposesof cryogenics(in a disastersituation)thedateof ingest
couldbeveryuseful.

ß existingMetadataàß
existingRecordà MARC Record(for print, asopposedto electronicver-

sion)

ß
/existingRecordà

ß contextInformation àß relatedInformationObjectà Issuedwith other textbookson a CD (link to the text-
books)

ß /relatedInformationObjectà
ß

relatedInformationObjectà partof aseries- Cambridgestudiesin Management
ß

/relatedInformationObjectà
Whatdo wemeanby “significantly related?”Therewasmuchdiscussionabouttherole of thiselementin generaland
specificallyhow it relatedto digitisedmaterials.In this case,thetextbookis partof aseriesbut theseriesis in print.
Doesthis matter?Do we meanonly digital objects?It wasalsoneedto bemadeclearwhethertherelationshipwas
relatedto contentor structure(i.e. physicalor logical). Do wemeanobjectsthatarerelatedphysically(e.g.hyperlinks)
or logically (thisbookis partof aseries?)In thecaseof theotherbookswhich hada separatePDFfile for eachchapter
this elementis important.Do we referto thefactthatthis textbookcamewith otherson theCD (physical)eventhough
therelevancelogically is unclear?

It wassuggestedthatfor example,adigitisedobject(e.g.amanuscript)mightbethesubjectof otherresourcesin the
archive- i.e. abookaboutthemanuscript.Thearchivemaychooseto provide links to it becauseit’s usefulto dosofor
thepurposesof study. However, if this metadatais for thepurposesof preservationthenperhapsthissortof related
informationobjectisn’t relevantandwe assumesucha link mightbemadeelsewhere(e.g.resourcediscovery tools).

It wasagreedthatthis elementneededsomethingto definethetypeof relationship.

ß provenanceInformation à ß historyOfOr igin àß reasonForCreationà “For Access”wasthe initial entry, but thegroupcouldn’t besurewhy
this text wasdigitised
It wasagreedthatalthoughthis elementhadbeendeemedSignificant,
it shouldactuallybeLessSignificantbecauseit would be lessrelevant
to materialsborn digital. For somedigitisedmaterialssuchdigitised
rare manuscripts,the reasonfor creationmight be widely know and
thereforeusefulbut peoplewerelesshappy with thesubjectivity which
would inevitably arisefor mostmaterials.
For thosewherethereasonfor creationwasknow, it wassuggestedthat
this might befrom a list of pull down optionswhich would includeFor
Access,For Preservation,For commercialreasonsetc.

ß /reasonForCreationà

ß
custodyHistoryà CambridgeUniversityPress

Discussionof thiselementinevitably raisedissuesaboutwhenthisdig-
ital file wascreated.CustodyHistory in this sensewill refer only to
thedigital file. Fromthefiles we could tell is wascreatedin 1997but
this wasn’t apparent.Perhapsdateof creationfor digital files is a re-
quirementfor archiving andthis is onebit of metadataarchivesshould
requirefor digitisedmaterials.

ß
/custodyHistoryà

ß changeHistory-
BeforeArchiving à

Noneknown
If this objecthadbeenmigratedfrom AdobeAcrobat3.0 to 4.0, this
is wherewe would recordthis information. NB: This is pre-ingestin-
formationwhich is different from IngestProcessHistory (seebelow)
whichdocumentswhatthecurrentarchivedoesto thefile on ingest.
It wasalsosuggestedthatwemaywantto know nameanddatefor each
Change(NB thefield is repeatable)to know who did it andwhen.

ß /changeHistory-
BeforeArchiving à
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Thedefinitionmakesclearthatthis is organisations“responsiblefor thestorage”of thedigital object.Thisdoesnot
mean,every library thatowneda copy.

á originalTechnicalEnvir onmentsâá
prerequisitesâ AdobeAcrobatReader3.0

á
/prerequisitesâá proceduresâ Unsure á /proceduresâá

documentationâ Referto a manualfor AdobeAcrobatReader3.0
á

/documentationâá /originalTechnicalEnvir onmentsâá
reasonFor-

Preservationâ
LegalDeposit

á
/reasonFor-

Preservationâ
á managementHistoryâ á administrationHistory âá actionHistoryâ Removedfiles from CD Romontoharddrive.

It was agreedthis this is also wherethe archive accordingto policy
mightmigratedigital objectsinto standardformats.
In the caseof the otherPDF textbookwhereeachchapterwasa PDF,
thearchiveMAY chooseto amalgamatetheminto onePDF.
Thisis alsowherelinks to earlier(andlater)manifestationsof theobject
would reside.This might alsoincludea link to theoriginal bytestream
for any objectthathasbeenchangedon ingest(e.g.migratedto a stan-
dardformat).

á /actionHistoryâ

á policyHistoryâ For eachactionit mayberelevantto link to therelevantpolicy. In this
caseweassignednone.To bemoreprecisethiselementshouldprobably
bedefinednotasa“setof actions”but thereasonsfor thesetof actions.

á /policyHistoryâ

á rightsManagementâá negotiationHistoryâ Assigned:Coveredby LegalDeposit á /negotiationHistoryâá rightsInf ormation âá nameOfPublisherâ CambridgeUniversityPress á /nameOfPublisherâá
dateOfPublicationâ 1994or 1997???

GeneralIssue:Which datedo we choose?1994is the copyright date
for the print text book but the digital files tell us that this digital ver-
sionwascreatedin 1997. Do we needboth? If we choose1997(date
of creation)thenwheredo we recordthepublicationdateof theorigi-
nal sourcematerial?The creationdatecantell futureuserssomething
aboutthetechnicalregimesof thetimeandis thereforeusefulto include
somewhere,likewisetheoriginalpublicationdatewill benecessary.

á
/dateOfPublicationâ

á
placeOfPublicationâ Cambridge

á
/placeOfPublicationâá rightsWarningâ Accesspermittedby LegalDeposit á /rightsWarningâá

contactsRights-
Holdersâ

CambridgeUniversityPress(but whataboutrightsfor thephotosetcin
thedigital copy? Do we know thepublisherownsrightsfor those?)

á
/contactsRights-

Holdersâá actorsâ ArchiveAdministrators,Users
It was suggestedthat this elementbe renamedAction Agentswhich
makesthelink moreclearbetweentheActorsandActions.

á /actorsâ

á fixityInf ormation âá authenticationIndicatorâ None á /authenticationIndicatorâ
A mechanismput in placeby thearchive to ensurethebytestreamis authentic- soit ensuresthedocumentis asit was
whenit wasdepositedin thearchive.

Other Issues
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TheOutlineSpecificationwill needto makeclearwherepossiblewhich elementsit assumeswill accompany theobject
andwhich will needto begeneratedby thearchive.

4.5.2 Window on the World

General Inf o

This resourcewasshippedwith theTimesnewspaper, on aCD-ROM. It wasa file systemwith a complex directory
structure+ multiple exefiles. Theresourceis ‘multimedia’. Derekhasnot testedany of thegames,etc.

Thequestionwasasked: how muchtime did DerekspendanalysingtheCD to know enoughfor thewalkthrough
presentation.Thiswasanafternoonof exploring (althoughit is apparentthatmorework maybeneededto unpacksome
issuesidentifiedduringthesession).

ã preservationDescriptionInformation ä ã referenceInformation ä ã resourceDescriptionäã
DCtitleä Window on theWorld (alt=Eyeson thePlanet?)

ã
/DCtitle ä

ã existingMetadataäã existingRecordä Lookedin http://corc.oclc.org andfoundno referenceto this resource.
Obviously someonemayhave a metadatarecord,but we do not know
whereit is.

ã /existingRecordä

ã contextInformation ä
Is therea way to dealwith cover images?(i.e. on thesleeve thereare
pictures,andon thereversetherearesomeinstructionsetc.)An answer
to thisis yes!Howeverwhichthereis morethanoneway. Somechoices
are:

å 1) scanan imagefile: embedin metadata,associateit with the
PrimaryDigital Object,or save asaseparate(related)AIP.

å 2) OCR/retypethe text: embedin metadata,or save asseparate
AIP.

ã relatedInformation-
Objectä

Thenewspaperit wasdistributedwith? - goodidea,or perhapsjust the
write up?

ã /relatedInformation-
Objectäã relatedInformation-

Objectä
Cardboardsleeve (imageor text) AIP ã /relatedInformation-

Objectä
ã provenanceInformation ä ã historyOfOr igin äã

reasonForCreationä Promotionalor Commercialpublisherraiseawarenessof field of space
data

ã
/reasonForCreationä

ã custodyHistoryä multimediacompany Ellis Weinbergergot from CD-ROM producer ã /custodyHistoryäã
changeHistory-

BeforeArchiving ä
Nancy Elkington: citedexamplesof medicaljournals(print) wheread-
vertsareremovedbeforerebinding- savesvolumethickness

ã
/changeHistory-

BeforeArchiving ä
ã originalTechnicalEnvir onmentsäã

prerequisitesä multimediaenableplatform- seelist on backof CD sleeve. CD-ROM
for PC/MAC/ACORN/UNIX.Resourcefunctionalityvariesacrossplat-
form. Someplatformshadevaluationversionof software- only lastsX
days.

ã
/prerequisitesä
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æ managementHistoryçæ
ingestProcess-

Historyç
createdmetadata- datestampconvertedfilesystemto bytestream- dat-
estampplacedin long-termstorage- where,BFID, datestamp

æ
/ingestProcess-

Historyç
Therewasadiscussionaboutviruses.David Priceaskedwhetheravirus checkwould beincurredat thestartof the
ingestprocess.(Bodleianhavehadtrouble!) Kelly Russell:virus checkingcouldbeapre-requisite.(Not mandatory-
maywantto preserve themaswell ... sic.)

æ rightsManagementç
Kelly Russellraisedthequestionof : Derekpointedoutpartof theCD-
ROM is 21 dayevaluation(PCplatform)- how (in currentframework)
dowe capturethis kind of rightsstuff?æ negotiationHistoryç documentinteractionsbetweenCatherineSeville / Ellis and the pub-
lishers.Verbal! (still needsrecording.)

æ /negotiationHistoryç
æ rightsInf ormation çæ

nameOfPublisherç Lots
æ

/nameOfPublisherçæ dateOfPublicationç Dateof Timesnewspaper æ /dateOfPublicationçæ
placeOfPublicationç BNSC(? this is anorganisation)(is thismainlyto dowith thecountry?)

æ
/placeOfPublicationçæ rightsWarningç (couldbequitecomplex) Maybea tieredapproachto RightsHoldersis

good,i.e. Primary, Secondary, Software,etc.

æ /rightsWarningç
æ contactsRights-
Holdersç

Lots embedded.Very Many! Multiple rightsHoldersholders.?Is this
practical?

æ /contactsRights-
Holdersç

æ representationInformation ç æ structur eInformation çæ
UAFDescriptionç File tree(mainlyHTML) HTML, WAV, MOV, JPG.

æ
/UAFDescriptionçæ transformerObjectç Untar/Zipthebytestreamto produceafile tree æ /transformerObjectçæ semanticInformationæ renderAnalyse-

Objectç
abrowser

æ
parametersç Startat first page(launch.htm)

æ
/parametersç

4.5.3 NewJournal of Physics

General Inf o

New Journalof Physics(NJP)is a journalpublishingoriginal researchin all areasof physics.This resourceis
particularlyinterestingasit is only availableon theweb;i.e. is apurelydigital journal.

æ preservationDescriptionInformation ç æ referenceInformation ç æ resourceDescriptionçæ DCtitleç New Journalof Physics æ /DCtitle çæ
DCcreatorç Instituteof Physics,DeutschePhysikalischeGesellscaft

æ
/DCcreatorçæ DCcontributorç Multiple æ /DCcontributorçæ

DCdateç 2000
æ

/DCdateç
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è existingMetadataéè
existingRecordé COPAC Record:

TI- New journalof physics
AU- Instituteof Physics
AU- DeutschePhysikalischeGesellschaft
PU- Bristol, UK ; [Bad Honnef, Germany] : Institute of Physics:
DeutschePhysikalischeGesellschaft
PY- 1998
DT- Periodical
LA- English
IS- 13672630
NT- Also known as: NJPDescriptionbasedon onlinedisplay, Vol. 1,
no.1 (Dec., 1998): title from title screenasviewed on Jan. 26, 1999
Irregular
NT- “New Journalof Physics(NJP) is a peer-reviewed, all-electronic
journalpublishingoriginal researchin all areasof physics.”
KW- Physics,Periodicals
HL- Oxford

è
/existingRecordé

è existingRecordé WorldCatRecord:
Title: New journalof physics
Publication:Bristol, UK :; Instituteof PhysicsPublishing,Year: 1998
9999
Description:Vol. 1 (1998-1999)-Beganpublicationwith v. 1, [article]
1 in Dec.1998.
Language:English
StandardNo: ISSN:1367-2630;CODEN:NJOPFM
References:Chemicalabstracts;0009-2258
Access:http://njp.org/index.html
SUBJECT(S)Descriptor:Physics– Periodicals.
SystemInfo: Modeof access:Internetvia World WideWeb.
File Info: Electronicjournalavailablein HTML andAcrobat,with links
to text andnon-text files
Note(s): Title from journal homepage,viewed Jan. 12, 1999./Issued
by: Instituteof Physics;andby: DeutschePhysikalischeGesellschaft.
GeneralInfo: Articles are publishedon the Web as soonas they are
acceptedratherthanwhenanissueis completed.
ClassDescrpt:LC: QC1
OtherTitles: Also known as:;NJP
More Corp Auth: Institute of Physics (Great Britain) ; Deutsche
PhysikalischeGesellschaft(1963-)
DocumentType: Serial;ComputerFile
AccessionNo: OCLC:40606004

è /existingRecordé

è contextInformation éè relatedInformation-
Objecté

How doesonedescribethegranularity?How is theweb-siteasawhole
recorded?Is thecontext thedeliveryenvironment?

è /relatedInformation-
Objectéè

relatedInformation-
Objecté

How muchof theserviceneedsto becaptured?Is thewholejournalthe
relatedinformationobject?

è
/relatedInformation-

Objecté
è provenanceInformation é è historyOfOr igin éè reasonForCreationé Trying out new costmodel.Publication. è /reasonForCreationéè

custodyHistoryé IOPPstill have it
è

/custodyHistoryé
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ê originalTechnicalEnvir onmentsëê
prerequisitesë A serverenvironmentif we wantedto reproducelook andfeel.

ê
/prerequisitesëê proceduresë SomeCGI scripts(?) in original. ê /proceduresëê /originalTechnicalEnvir onmentsëê reasonFor-

Preservationë
Intellectualcontent ê /reasonFor-

Preservationë
ê managementHistoryëê ingestProcess-
Historyë

Theprocessneedsto bedocumentedasit happens.Will it becaptured
from thewebor receivedasapackagethroughFTP. Metadatawill have
to begenerated,andanArchival InformationPackageproduced.Where
will informationaboutfunctionalitybestored,if someof thefunction-
ality is not preserved?

ê /ingestProcess-
Historyë

ê administrationHistory ëê
policyHistoryë Whatnot to archivewill have to beclearin thepolicy.

ê
/policyHistoryë

ê rightsManagementëê negotiationHistoryë Doesthis have to documentnegotiationsbetweenauthorsandpublish-
ers,or betweenpublishersandthe archive, or both? Documentwhere
thepublisherdoesnot wantto negotiate.

ê /negotiationHistoryë

ê rightsInf ormation ëê
nameOfPublisherë IOP

ê
/nameOfPublisherëê dateOfPublicationë 2000 ê /dateOfPublicationëê

placeOfPublicationë Differentjurisdictionswill havedifferentrights.ShouldtherebeaURL
oraphysicalplaceof publication?Shouldit bewhereall theserversare,
or wherethe legally con-stitutedpublicationbody is officially located,
or both?

ê
/placeOfPublicationë

ê
contactsRights-

Holdersë
Shouldthesebemaintainedby anexternalbody?

ê
/contactsRights-

Holdersëê actionsëê licenceTextPointerë Whataboutwherethecurrentlicenceis dueto expire? Datefieldsare
needed.

ê /licenceTextPointerë

ê representationInformation ë ê structur eInformation ëê
UAFDescriptionë File tree.File system.Shouldtherebea“look andfeel” example.What

aboutexternallinks.

ê
/UAFDescriptionë

ê transformerObjectë zip or tar ê /transformerObjectë

4.5.4 Inter net Library of Early Journals

Description

TheInternetLibrary of EarlyJournals(known asILEJ) wasa joint projectbetweentheUniversitiesof Birmingham,
Leeds,ManchesterandOxford, fundedby theeLib (ElectronicLibraries)Programme.

It digitisedsubstantialrunsof 18thand19thcenturyjournals,andmadetheseimagesavailableon theInternet,together
with their associatedbibliographicdata.

Thecorecollectionfor theprojectarerunsof at least20consecutiveyearsof:

ì Three18th-centuryjournals
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– Gentleman’sMagazine

– TheAnnualRegister

– PhilosophicalTransactionsof theRoyal Society

í Three19th-centuryjournals

– NotesandQueries

– TheBuilder

– Blackwood’sEdinburghMagazine

Assumptions

It wasassumedthatILEJ wasto bepreservedasaservice- thiswould involvepreservationof thefollowing:

í TIFF files

í JPEGandGIF files (whicharederivedfrom theTIFFs)

í PerlScripts

í OpenText searchengine

í WebServer

í Excalibur EFS(fuzzysearchengine- hasits own file systems)

í SGML files (text, includingOCRtext)

î preservationDescriptionInformation ï î referenceInformation ï î resourceDescriptionïî DCtitleï InternetLibrary of Early Journals(ILEJ) î /DCtitle ïî
DCcreatorï ILEJ Consortium

î
/DCcreatorï

It wassuggestedthattheresourcedescriptioninformationcouldbeextractedfrom theEAD/TEI headers.
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ð existingMetadatañð
existingRecordñ EAD files

ð
/existingRecordñð existingRecordñ TEI files ð /existingRecordñ

ConsideringILEJ asa “service”, therearea numberof granularityis-
sueswhich needto be considered:sincethe ILEJ servicecontainsa
numberof distinctworkswhich arelinkedfor thepurposesof theser-
vice, but distinct with respectto resourcediscovery, it may be easier
to generateresourcedescriptionfor the archived service,and to pro-
vide links betweentheexisting (andmoredetailed)metadatawhichde-
scribesdiscreteresources- althoughit is essentialto notethiscannotbe
at a greaterlevel of detail thanwhich wasprovidedat the time of the
work.
EachTEI file correspondsto a physicalvolume.ð contextInformation ñð

relatedInformation-
Objectñ

Themostobviousrelatedinformationobjectis the ILEJ report,which
givesa full descriptionof what took placewithin theproject. In addi-
tion to providing context on what the serviceprovided,andthe scope
of theproject,it containsa significantamountof detailon how theser-
vice worked,which maybeusefulfor thoseinvolvedin reinstatingthe
serviceat a futurestage.

ð
/relatedInformation-

Objectñ

ð relatedInformation-
Objectñ

This was referredto as “documentationon the website”by othersin
thegroup;it is worth mentioningthat theextentof documentationof a
serviceonawebsitemaydiffer greatlyfrom any documentationheldby
a serviceprovider, which maynot beavailableon thewebfor security
issues.Upon ingest,it would be very useful for a serviceto provide
internaldocumentationasrelatedinformationobject(s)in addition to
any reportswhich wereproduced.

ð /relatedInformation-
Objectñ
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ò provenanceInformation ó ò historyOfOr igin óò
reasonForCreationó Thereasonsfor creatingILEJ arewell documentedin thereport:

ô “exploredigitisation...” wasoneentry.

ô “exploredigitisationprocess”wasanother.

ô “digitisationproject”

ô “from webpages,digitizing andaccess”

ô referto “what is ILEJ?”

ò
/reasonForCreationó

ò custodyHistoryó The ILEJ consortium- althoughthis comprisesOxford, Leedsand
Manchesteruniversities,and while this can also be derived from the
report,the issueof what is themostusefulentry to put is a significant
one.
list of entriesmade

ô ILEJ consortium:4 entries

ô Leeds/Ox/Bham:1 entry

ô both: 3 (oneput Leeds/Ox/Manchester)

ò /custodyHistoryó

ò
changeHistory-

BeforeArchiving ó
In thecaseof ILEJ, it wasunclearwhetherthissectionshouldbeusedto
documentwhatmeasureshadbeentakenbetweentheendof thefunded
project duration,and a further issuerelating to whoseresponsibility
suchchangeswould be in a collaborative projectafter the endof the
fundingperiod.
It wasnotedthatthis is a point which shouldberaisedto suchprojects
(at both project consortiumand funding body levels), as this is kind
of datawould beusefulbut is not documentedat present,nor any best
practiceestablished.

ò
/changeHistory-

BeforeArchiving ó
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õ originalTechnicalEnvir onmentsöõ
prerequisitesö

÷ webbrowserandfuzzysearchcapable

÷ Oxford andLeedsservers,etc.

õ
/prerequisitesö

õ
documentationö Documentationfor theoriginalconfigurationof ILEJ is containedin the

projectreport;wecouldsupplya link to this text file.
ILEJ, asa service,requiredthefollowing technicalenvironments:

÷ TIFF files

÷ JPEGandGIF files (which arederivedfrom theTIFFs)

÷ PerlScripts

÷ OpenText searchengine

÷ WebServer

÷ Excalibur EFS(fuzzy searchengine- hasits own file systems)

÷ SGML files (text, includingOCRtext)

However, not all serviceswere available for all resourcescontained
within ILEJ; this shouldbebornein mind whendecidingwhat to pre-
serve. It wasnotedthat certainaspectsof the servicerelied on com-
mercialsoftware; it is unclearat presentif suchvendorswould permit
theseto bepreservedalongwith thecontent.However, if thedocumen-
tation explainswhat eachpieceof softwaredid, andwhat procedures
this involved,thismayenabletherecreationof suchservicesusingcon-
temporarytoolswhichcanusewhathasbeenpreserved.
Anotherimportantpoint is thatdocumentationprovidedasaprojectde-
liverablemaydiffer from thatwhich wasusedby thoseresponsiblefor
developingandmaintainingtheresourcewhenit wasbeingdeveloped,
andmaintained.Whilst projectfundingbodiesmaynot have any need
for this, it would bedesirableto archive suchdocumentation,asthis is
a form of tacit knowledgedocumentedat the time of implementation,
andmay provide usefulreadingfor someonewho would like to try to
re-implementtheserviceafterextractingILEJ from its AIP.

õ
/documentationö

õ /originalTechnicalEnvir onmentsöõ
reasonFor-

Preservationö
“Demonstratorproject”,and“Access”werecited.
It is importantto rememberthatILEJ wasademonstratorservicewhich
soughtto explore and identify the issuesinvolved in digitisation for
accessof old journals.
It wasnotedby thegroupthat if this sectionwasto becompletedfrom
a setof optionsto choosefrom, multiple optionsneedto beableto be
selected,andthemetadataframework shouldbeableto supportthis.

õ
/reasonFor-

Preservationö

õ managementHistoryöõ ingestProcess-
Historyö

compilationof distributedparts: (2 entries)compilationin 50Gbfile.
addmetadata,package,store(1 entry, moredetailed)

õ /ingestProcess-
Historyöõ administrationHistory öõ

policyHistoryö At this stage,neitherof thesecanbe addressed,as therecannotbe a
historyfor a non-existentarchive.

õ
/policyHistoryö
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ø rightsManagementùø
negotiationHistoryù The Cedarspeopleat Cambridgehave this information,after consul-

tation with RichardGartner, who wasworking on ILEJ. Therewasa
numberof letterswhich hadbeenwritten in relationto this; therewas
a discussionon whethertheselettersneededto beretained,or if there-
sultscouldbecapturedandexpressedin a metadataformalism. It was
noted,though,thatthe(physical)lettersoughtto bekeptto verify such
correspondenceactuallytookplace.

ø
/negotiationHistoryù

ø rightsInf ormation ùø nameOfPublisherù ILEJ consortium(7 entriesin total) ø /nameOfPublisherùø
dateOfPublicationù 7 peoplefelt a daterangewasrequiredhere;1996-98would beappro-

priate.

ø
/dateOfPublicationù

ø placeOfPublicationù A numberof alternativesweresuggested:

ú “ many”

ú IOP, Oxford asmaincontact

ú theentrypagewasat theOxford URL (4 peoplesuggestedthis),
which impliesOxford - althoughsomeBell andHowell compo-
nentswereused,which maynecessitatetheir inclusion

ú Oxford andLeeds(the two main partners- 2 peoplesuggested
this)

ø /placeOfPublicationù

ø rightsWarningù Thereis a UK rightswarningto userssuppliedwithin theservice. ø /rightsWarningùø
contactsRights-

Holdersù
Therearemultiple rightsto beconsidered;thoseconsideredat thetime
of the project(which may not cover someof the issuesraisedabove)
arecitedon thewebsite;i.e. they areembeddedwithin theservice.

ø
/contactsRights-

Holdersù
ø

actorsù Archive AdministratorsandUserswerecited - althoughit wasnoted
that this would be the norm for all resourcesunderconsiderationin
Cedars.

ø
/actorsù

ø actionsùø licenceTextPointerù Whataboutwherethecurrentlicenceis dueto expire? Datefieldsare
needed.

ø /licenceTextPointerù

ø representationInformation ù ø structur eInformation ùø
UAFDescriptionù file system/filetree(4 entries)

ø
/UAFDescriptionùø renderAnalyse-

Engineù
TAR (2 entries) ø /renderAnalyse-

Engineùø renderAnalyse-
ConvertObjectù

browser/server(perl-enabled);alsoOpenText (UNIX/NT) ø /renderAnalyse-
ConvertObjectùø semanticInformation ù ø renderAnalyseObjectùø platformù browser, server, searchengine(3 entries) ø /platformù
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Appendix Five : Metadata for Digital Preservation

The CedarsProject Outline Specification
Draft for Public Consultation

The CedarsProject Teamand UKOLN
Mar ch 2000

1 Intr oduction

A majorcomponentof thework encompassedby theCedarsprojectis thedevelopmentof ametadataframework which
will enablethelong-termpreservationof digital resources.Thismetadatais requiredto supportmeaningfulaccessto the
archiveddigital contentandincludesdescriptive,administrative,technicalandlegal information.

This documentdescribesthemetadataelementswhich theCedarsprojecthasidentifiedasbeingusefulto ensurethat
digital library resourcescanbearchivedandusedin thefuture.No assumptionsaremadeaboutparticularmethodsof
implementingthis specification,althoughit is envisagedthatthemetadatawill bestoreddigitally.

1.1 Purposeof this Document

Thepurposeof this documentis twofold. Theprimarypurposeis to providetheCedarsDemonstratorProjectwith a
basicsetof preservationmetadataelementsto implementaspartof a pilot digital archivewhich will bebasedon the
CedarsDemonstratorProjectsystemandarchitecture.1 TheCedarsDemonstratorProjectwill containa widevarietyof
digital materials(representativeof digital library collections)andit is thereforenecessarythatthis specificationbe
generallyapplicable.2 It is not expectedthattheprojectwill implementthisoutlinespecificationfully astherewill be
sectionsof themetadatawherediscussionis still necessarybeforeimplementationwill bepossible.Wherethis is the
casetheprojectwill providefree-text input fieldsto allow commentsandquestionswhich, it is hoped,will inform
furtherdiscussion.As partof thedemonstratorprojecttheCedarsteamplansto developanXML DTD to expressthe
metadataelements,but it hasmadenodecisionsaboutimplementinga specificsyntax.Thisdocumentandits
implementationasanXML DTD will continueasaniterativeprocessover thenext few months.Complete
implementationof theCedarsDemonstratorProjectsystemanda final versionof theOutlineMetadataSpecificationare
bothduefor completionin summer2000.

Thesecondaryreasonfor developingthis outlinespecificationis to contributeon astrategic level to theinternational
collaborativedevelopmentof astandardspecificationfor digital preservationmetadata.Suchwork is inevitably beyond
thescopeof a singleprojectandit is only throughcollaborationwith anumberof stakeholdercommunitiesthatthis will
beachieved.WhentheCedarsprojectbeganthis work thelevel of internationalinterestin its work wassomewhat
underestimated,but thedocumentasit now standshasbenefitedenormouslyfrom internationaldebateanddiscussion.
Theprojecthopesto continuecontributing to work in this area.

1.2 Relationship to other Metadata Initiati ves

In 1998,theCedarsprojectproducedapreliminaryreview of metadatainitiativesthatwereidentifiedasbeingrelevantto
digital preservation(Day 1998).This review notedthatmetadatais neededfor digital preservation,regardlessof the
particularpreservationstrategy chosen.Clifford Lynch(1999)hasdescribedthefunctionof someof this metadata:

1FurtherinformationabouttheCedarsDemonstratorProjectis availableon theCedarswebsitehttp://www.leeds.ac.uk/cedars
2Both this specificationandthe demonstratorarchive systemareconcernedwith a variety of digital objectsincluding digital materialswith non-

digital equivalentsaswell asmaterialsthatare“born digital”. It is importantto recognisethatalthoughdigitisationprojectsaresometimesundertaken
aspartof astrategy to preserve rareor fragilematerials,digitisationitself is not partof thedigital preservationprocessasdefinedby theCedarsproject
in generalor thisspecificationin particular.
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Within anarchive,metadataaccompaniesandmakesreferenceto eachdigital objectandprovidesassociated
descriptive,structural,administrative,rightsmanagement,andotherkindsof information.Thismetadata
will alsobemaintainedandwill bemigratedfrom formatto formatandstandardto standard,independently
of thebaseobjectit describes.

Preservationmetadatahas,therefore,becomeanimportantsubjectfor researchanddevelopmentin thearchiveand
library communities.Examplesof suchinitiativesare:

û TheResearchLibrariesGroup(RLG) WorkingGrouponPreservationIssuesof Metadata,whosefinal report(RLG
1998)definedthesemanticsof metadataelementsthatcouldserve thepreservationrequirementsof digital images.

û Themetadataspecificationfor evidencedevelopedaspartof theUniversityof PittsburghRecordkeeping
FunctionalRequirementsProject,fundedby theUS NationalHistoric PublicationsandRecordsCommission
(BearmanandSochats1996).

û TheRecordkeepingMetadataStandardfor CommonwealthAgenciesdevelopedby theNationalArchivesof
Australia(1999).

û Thelogical datamodel(basedon entity-relationshipmodelling)developedby theNationalLibrary of Australia
(NLA) to helpidentify theparticularentities(andtheir associatedmetadata)thatneededto besupportedwithin its
PANDORA proof of conceptarchive(PreservingandAccessingNetworkedDocumentaryResourcesof Australia,
CameronandPearce1998).Thismodelhasrecentlybeenrevisedfor usewithin theNLA’sDigital Services
Project(NLA 1999).

1.3 Relationship to the OAIS model and to Earlier CedarsDocuments

Anothersignificantdevelopmenthasbeentheproductionof theInternationalStandardsOrganization(ISO)Reference
Model for anOpenArchival InformationSystem(OAIS).3 This initiative is beingco-ordinatedby theConsultative
Committeefor SpaceDataSystems(CCSDS).It describesagroup“that hasacceptedtheresponsibilityto preserve
informationandmake it availablefor adesignatedcommunity.”4 TheOAIS definesa rangeof functionswhichare
applicableto any archive,whetherdigital or not. Thesefunctionssupporttheoperationsof thearchive from receiving
materialsto archive(ingest),throughstorage,datamanagementandadministration,to thedisseminationandreleaseof
thematerialsto thoseoutsidethearchive(access).TheOAIS modelaimsto providea commonterminologyand
framework with which to explorethechallengesfacingdigital archives.It is currentlyundergoingtheISOstandards
processandit is hopedthemodelwill bereleasedaspartof theISOsuiteof agreedstandardsby autumn2000.

TheOAIS modelhasidentifiedanddistinguishedvarioustypesof metadataneededto supportadigitally preserved
resource.In general,this Cedarsoutlinespecificationhasadheredto this aggregation.5 In accordancewith OAIS, each
resourceis packagedtogetherwith its metadata,asan‘InformationPackage’.An InformationPackagecombinestwo
things:‘ContentInformation’and‘PreservationDescriptionInformation’ (PDI). TheContentInformationgroupsthe
preserveddigital resource,or dataobject, with ‘RepresentationInformation’ (RI) metadata;theRI is theinformation
neededto retainmeaningfulaccessto thepreserveddataobject.ThePDI groupsdifferentkindsof descriptivemetadata,
sothatwhattheContentInformationactuallyis canstill beunderstoodindefinitely.6 Severaldigital library projects(in
additionto Cedars)arecurrentlyinterestedin theOAIS model.TheseincludetheNetworkedEuropeanDepositLibrary
(NEDLIB), theBritish Library, theRLG, AHDS, andUKOLN.7

3Consultative Committeefor SpaceDataSystems.ReferenceModel for an OpenArchival InformationSystem(OAIS), CCSDS650.0-R-1,Red
Book,May 1999.

4Ibid p 1-11.
5ThereareinstanceswhereCedarshasdeviatedfrom theOAIS model(mainly in areaswherethemodelis opento interpretation).Wherepossible,

this is identifiedandexplained.
6Ibid p 4-25.
7Werf-Davelaar, T. vander. Long-termpreservationof electronicpublications:theNEDLIB project.D-Lib Magazine,5 (9), September1999.
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Thedevelopmentof theOAIS referencemodelby theCCSDShasinfluencedthedevelopmentof theCedarsmetadata
schemeaswell astheimplementationof theCedarsDemonstratorProject.Early draftsof thisdocument(e.g.Stoneand
Day 1999,Day1999)tookmetadataelementsfrom a varietyof selectedinitiativesin theCedarsmetadatareview and
mappedthemontothetaxonomyof theinformationpackageidentifiedin theOAIS model.A versionof thatdocument
wascirculatedfor selectiveconsultationin December1999.8 Thiscurrentdocumentfurtherrefinestheapproach:it starts
from thestructureprovidedby theOAIS modelandpopulatesit with metadataelementschosenby practicalinvestigation
of archiving realdigital resources,furtherrefinedby commentsreceivedfrom a selectiveconsultationprocess.

1.4 Relationshipof Preservation Metadata to Other Ar chiveFunctions

It is importantto recognisethattheproposedsetof preservationmetadatais not intendedto includedescriptionsof all
archival functions(thereareseparateareasin OAIS givento functionssuchasadministrationandmanagement).This
documentis concernedwith metadatato aidpreservationanddoesnot attemptto includeinformationwhichwould be
recordedaspartof theregularbusinessproceduresandprocessesof thearchive,suchasusagestatisticsor archivepolicy
(althoughfor obviousreasonslinks to thesefunctionalareasmaybenecessaryor desirable).Onefunctionwhich Cedars
considersto bepartof archiveadministrationis themanagementof thepreservationmetadataitself (e.g.monitoringand
updatingasnecessary).For example,informationaboutcopyright andrelatedintellectualpropertyrightsfor any digital
objectwill changeover timeandwith changesto legislation.LikewiseanOAIS modelarchivewhich relieson arobust
network of technicaldescriptions(e.g.representationinformation)to ensurelong-termaccesswill needto monitorthis
informationandupdateit astechnologychanges.This documentassumesthatpreservationmetadatawill bedynamic
andthatmaintenanceof themetadatawill form a key partof anarchive’sadministrativefunction.

1.5 Granularity Issues

It hasbeenwidely recognisedthatthemetadatarequiredfor long-termdigital preservationis complicatedby thelevelsof
‘granularity’ thatcanoccurwithin a singledigital objector collectionof objects.Metadatafor examplemaybeassigned
at thelevel of a completedigital collection,asingledigital objector even(in thecaseof complex digital material)at the
individual file level. In partthegranularityof themetadatawill bedeterminedby thedigital objectitself andthelevel of
descriptionnecessaryto ensurepreservation,but it will alsobeinfluencedby collectionmanagementpoliciesin placeat
thearchive.9 In additionthegranularityof themetadatamaybeinfluencedby concernsaboutrightsmanagementof
somemorecomplex digital objects(e.g.wheredifferentpartiesown differentcomponentsof thecontentand/or
systems).10 How an archivechoosesto assignmetadata,and at what level of granularity , arenot decisionsimposed
by a metadataspecification.A preservationmetadataspecificationshouldallow for descriptionatany level (asthis
outlineattemptsto do) but ultimatelythedecisionresideswith thearchive. For example,boththeBritish Library andthe
NEDLIB projects(wherework is focusedon thedepositlibrary situation)havechosen,for justifiablepracticalreasons,
to assignmetadatato materialsasthey havebeendeliveredto thelibrary (e.g.asproducedby thepublisher).This
outline specificationmakesno assumptionsabout the level at which metadatawill be assignedand assumesonly
that archiveswill do soat levelsappropriate to fulfil their preservation responsibilitiesand meetthe needsof the
archive’susercommunities.

1.6 What is a Data Object?

As describedabove,theOAIS referencemodelmakesclearthatanArchival InformationPackagecontainstwo distinct
areas:theContentInformationwhich includesthedataobjector digital resourceitself aswell asthesystemsand

8A list of organisationsselectedasreviewersis providedat Annex A.
9TheCedarsprojectexplainssomeof thetechnicaldecisionsassociatedwith preservationof a digital objectusinga conceptcalledtheUnderlying

AbstractForm which is describedin section3.2.1.1.1of theRepresentationInformationbelow.
10For examplea digital soundrecordingwith associatedcopyright andperformancerightsfor individual tracks.
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informationnecessaryto rendertheobject;andPreservationDescriptionInformationwhich includesinformation
describingtheobjectitself andassociatedpreservationinformation.In theCedarsDemonstratorProjectdifferentdata
objectsmayhavedifferentmanifestations.For example,anobjectthathasbeenmigrated11 throughevolving technical
regimesmayhaveseveralmanifestationswithin thearchive(theoriginalmanifestationaswell asmanifestations
associatedwith newer technicalenvironments).In partthis will dependon thepreservationstrategy adoptedfor the
objectby thearchive(e.g.a migrationstrategy will involvetheproductionof anew manifestationwith eachmigration
while anemulationstrategy mayrely onaccessvia theoriginaldataobject.)Theproposedmetadataspecificationwill
allow for differentmanifestationsof thesamedataobjectwithin thearchivevia referencelinks to previousand
subsequentmanifestations(seeProvenanceInformation,section3.1.3below).

1.7 Obligation

In earlieriterationsof this outlinespecificationanattemptwasmadeto defineelementsaseither“mandatory”or
“optional”. However, subsequentdiscussionsandcommentsfrom reviewerssuggestthatthoseconcernedwith long-term
preservationin librariesor archivesareunlikely to decideagainstpreservationof a valuabledigital objectbecauseit
lacksspecificmetadataelements.In addition,specifictypesof digital objectwill haveelementswhich mightbedeemed
mandatory, while for otherdigital materialsthesamefield is not applicable(e.g.a soundrecordingof abird songmay
lack bothtitle andauthor).TheCedarsteamhaveagreedthattheseobligationsarenot necessarilyapplicableto metadata
for preservationandthatdecisionsaboutlong-termretentionwill not bebasedprimarily onmetadatarequirements.
Insteadthis outlinespecificationprovidesguidanceon the“significance”of eachelementdeterminedby thegenericityof
theelement(i.e. theextentto which it maybeusefullyappliedacrossa wide rangeof digital materials).Thetermsused
areasfollows:

ü VerySignificant- anelementdeemedto beveryusefulfor preservationacrossa wide rangeof digital objectsand
thereforenecessaryif available

ü Significant- anelementdeemedto beof useto mostdigital objects

ü LessSignificant- anelementdeemedto beof someusebut notstrictly necessary.

1.8 Structur eof this Document

In this documenttheterm‘element’is usedfor eachitemof metadata.An elementmaybecomposedof sub-elements,
which arealsoelements,andsocanalsocontainsub-elements.

Following this introductionis asetof treediagramsthatrepresentthestructuralframework of anInformationPackage.
Thehierarchyof thetreesfollowsthatof theOAIS referencemodelascloselyaspossible,andthis correspondenceis
shown in theaccompanying text.

Following thediagrams,eachmetadataelementis explainedin detail,orderedby its positionin thetreestructurerather
thanby its importance.Thetablesdescribingeachmetadataelementshouldbeself-explanatory.

2 Structural Diagrams

As with all complex structures,theframework for theCedarsmetadatais difficult to conceptualiserapidly. Tree
diagramshavebeenusedto enabletheinterrelationshipsandtheoverallarrangementof metadataelementsto be

11Migrationin thiscontext is definedasthesystematictransferof digital materialsfrom onesoftware/hardwareregimeto another. TheOAIS reference
modelrefersto this as‘transformation.’
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visualisedswiftly. They alsoallow easycomparisonbetweentheCedarsmetadataandtheOAIS12 structure.

Information
Package

Preservation
Description
Information

Reference
Information

see Fig 2

Context
Information

see Fig 3

Provenance
Information

see Fig 4

Fixity
Information

see Fig 5

Content
Information

Representation
Information

see Fig 6

Data Object�

Figure1: Thestructureof anInformationPackage

Figure113 shows thehighestlevel of theCedarsmetadatastructure.Thehighestlevel objectin theOAIS modelis an
InformationPackage(thiscurrentdocumentis predominantlyconcernedwith themetadatastructureof theArchival
InformationPackage(AIP)). It will benoticedthatneitherPackagingInformationnor Descriptive Informationare
includedin theCedarsdiagram.PackagingInformationmaybeincludedata laterdate,andwill bea meansof tracking
which versionof anInformationPackage(i.e. its structure)is used;this is likely to bea referenceto theXML DTD
definingtheAIP’sstructure.

PDI Reference
Information

Resource
Description

Existing
metadata

Figure2: Thestructureof ReferenceInformation(PDI)

Figure2 shows themetadataelementswhich areclassedasReferenceInformation.“This informationidentifies,andif
necessarydescribes,oneor moremechanismsusedto provideassignedidentifiersfor theContentInformation.It also
providesthoseidentifiersthatallow outsidesystemsto refer, unambiguously, to this particularContentInformation.”14

Broadeningthisslightly: in Cedars,theReferenceInformationidentifiesanddescribestheContentsufficiently andso
holdsmostof thedatawhichneedto bedistributedfor customerresourcediscovery. For this reasonholdingplacesare
alsokeptfor any existing instantiationsof metadataschemes(suchasDublin Core,MARC records,etc.) to allow these
to bereusedwhereappropriate.

Figure3 shows thestructureof Context Information.This informationdocumentstherelationshipsof theContent
Informationto its environment.This explainshow it relatesto otherContentInformationobjectsexisting elsewhere.15

This diagramis likely to beexpandedastestresourcesbegin to show which aspectsof thisarerelevant,andwhen.
12Consultative Committeefor SpaceDataSystems.ReferenceModel for an OpenArchival InformationSystem(OAIS), CCSDS650.0-R-1,Red

Book,May 1999.
13Ibid. Figure1 mapsontoOAIS figure4-13,p4-22.ThePreservationDescriptionInformationsectionof figure1 shouldbecomparedto OAIS figure

4-17,p 4-31andtheContentInformationsectionis anexpressionof thesecondparagraphonOAIS p 2-5 (or figure4-9)p 4-16
14Ibid p 4-25.
15Ibid.
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Figure3: Thestructureof Context Information(PDI)
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Figure4: Thestructureof ProvenanceInformation(PDI)

Figure4 representstheProvenanceInformation.“This informationdocumentsthehistoryof theContentInformation.”16

Any datawhich describesthemanagerialhistoryor administrationis placedin therelevantsub-categories.Thereis also
a category to capturethehistoryof theresourcebeforeit enteredinto thearchive.

PDI Fixity
Information

Authentication
Indicator

Figure5: Thestructureof Fixity Information(PDI)

Figure5 concludesthis level of breakdown of thePDI. Fixity Informationis describedin theOAIS thus:“This
informationdocumentstheauthenticationmechanisms,andit providesany authenticationkeysusedto ensurethatthe
particularContentInformationobjecthasnot beenalteredin anundocumentedmanner”.17 In thefirst instanceCedarsis
not intendingto solve theauthenticationissue,but recognisesthatthereneedsto bescopefor this in themetadata
specification.All theCedarsInformationPackageswill beprotectedfrom undocumentedchangesby restrictingaccess
to bothreadandwrite operations.

Figure6 shows thestructureof theRepresentationInformation.18 TheOAIS referencemodelsaysthattheRI is “needed
to make theDataObjectunderstandable”.19 Thestructureandsemanticnodesof this treearelikely to beindirections
into a RepresentationNetwork, which will bedescribedin a documentseparateto this metadataspecification.

16Ibid.
17Ibid p 4-26.
18Ibid, p4-18,Figure4-10.
19Ibid, p 2-5.
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Figure6: Thestructureof RepresentationInformation(Content)
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Figure7: Thestructureof RightsManagement(PDI - Provenance)

Figure7 givesthestructurefor handlingIntellectualPropertyRights.Theseareseenaspartof ProvenanceInformation.
Work in this arearepresentsa significantexpansionof theOAIS model,andis likely to encouragecopyright ownersof
digital contentwhoareunsurewhetheror not to archive their resources.
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3 Definition of Metadata Elements(for an Inf ormation Package)

This sectiondetailsthemetadataelementsfor an“Archival InformationPackage”.Ongoingrevisionof theseis expected
asinstantiatingtheschemefor differingdigital resourceswill revealits strengthsandweaknesses.Thefinal versionof
thisoutlinespecificationwill includeappendicesproviding casestudyexamplesof how thismetadatahasbeenappliedto
specificresourceswithin theCedarsDemonstratorProject.

3 Inf ormation Package

Name InformationPackage
Identifier informationPackage
Definition This containsall thecontentinformationandtherelateddescriptionsandaudit trails needed

to preserveadigital resourcein thelong term.
Sub-Elements 3.1PreservationDescriptionInformation

3.2ContentInformation

3.1 Preservation Description Inf ormation

Name PreservationDescriptionInformation
Identifier preservationDescriptionInformation
Definition This elementis definedas“Information which is necessaryfor adequatepreservationof the

contentinformation and which can be categorizedas Provenance,Reference,Fixity, and
Context information.”20

Obligation VerySignificant
Sub-Elements 3.1.1ReferenceInformation

3.1.2Context Information
3.1.3ProvenanceInformation
3.1.4Fixity Information

3.1.1 ReferenceInf ormation

Name ReferenceInformation
Identifier referenceInformation
Definition Containsidentifiersfor theresourceandadditionalinformationdescribingtheresource.Also

includesexistingcataloguemetadataschemes.
Obligation VerySignificant
Sub-Elements 3.1.1.1ResourceDescription

3.1.1.2ExistingMetadata
Comment Includesinformationfor resourcediscoverywhichmaybetakenfrom existingmetadatacre-

atedspecificallyfor this purpose.
20Ibid.
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3.1.1.1 ResourceDescription

Name ResourceDescription
Identifier resourceDescription
Definition Theidentifiersanddescriptionof theresourceto uniquelyidentify it anddeterminetheauthor

andversion.
Obligation VerySignificant
Comment Resourcediscovery, althoughvital to aworkingarchive,is nottheprimaryfocusof theCedars

project. A greatdealof work hasalreadybeendonein this areaon standardisation.In the
Cedarsimplementationof thisoutlinespecificationaninstantiationof theDublin Corewill be
usedto representthis information.(Howeverthisdoesnotnecessarilyindicateacommitment
on the part of the Cedarsproject to Dublin Core as the bestsolution for the long term.)
Similarly in implementingthis specificationotherswill needto make decisionsaboutusing
existing schemafor resourcediscovery - Cedarsrecommendsmakinguseof existing work
wherepossible!
AlthoughDublin Coredesignatesthe obligationof all its elementsas‘optional’, long-term
digital preservationrelieson thedescriptionstoredhere.TheCedarsimplementationof this
outlinespecificationwill thereforeincludeat leastDC:Title.

3.1.1.2 Existing Metadata

Name ExistingMetadata
Identifier existingMetadata
Definition Any metadatarecordwhich hasbeengeneratedfor theresource.(e.g. Marc records,Dublin

Core).This informationmayaccompany theresourceon ingestor maybediscoveredlater.
Obligation Significant
Sub-Element 3.1.1.2.1ExistingRecords
Comments Therearedifferentoptionsfor integratingexisting metadataschemainto theAIP suchasthe

Warwick Framework.

3.1.1.2.1 Existing Records

Name ExistingRecords
Identifier existingRecords
Definition Eachinstantiationof a metadatascheme.
Obligation Significant
Repeatable Yes
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3.1.2 Context Inf ormation

Name Context Information
Identifier contextInformation
Definition Informationthatdocumentstherelationshipsof theContentInformationto its environment.

This includeshow theContentInformationrelatesto otherContentInformationobjectsex-
istingelsewhere.

Obligation VerySignificant
Sub-Element 3.1.2.1RelatedInformationObjects
Comment The OAIS model is unclearaboutthe distinctionbetweenContext InformationandProve-

nanceInformation.AlthoughOAIS suggestsbothReasonfor CreationandReasonfor Preser-
vationshouldbeincludedin Context Information,theCedarsteamhaveagreedthey aremore
appropriatein ProvenanceInformation(see3.1.3below).

3.1.2.1 RelatedInf ormation Objects

Name RelatedInformationObjects
Identifier relatedInformationObjects
Definition Thiselementspecifiesany otherinformationobjectswhichwerejudged,at thetimeof ingest,

to besignificantlyrelatedto theingesteddigital object.
Obligation VerySignificant
Repeatable Yes
Comment Therelatedobjectmayinclude,for example,itemsproducedby thesameresearchentity on

thesameor on a similar subject,or itemswhich assistin theuseof the ingestedobject,for
example,documentationproducedby third parties.

3.1.3 ProvenanceInf ormation

Name ProvenanceInformation
Identifier provenanceInformation
Definition This elementis definedas“Information thatdocumentsthehistoryof theContentInforma-

tion. This informationtells theorigin or sourceof theContentInformation,any changesthat
may have taken placesinceit wasoriginated,andwho hashadcustodyof it sinceit was
originated.”21For Cedarsthis elementalsocontainsinformationaboutthe reasona resource
wascreatedandwhy it waspreserved.

Obligation VerySignificant
Sub-Elements 3.1.3.1Historyof Origin (Originalobjectinformationprior to ingest)

3.1.3.2ManagementHistory
3.1.3.3RightsManagement

Comment This elementmay include referencelinks to earlier (or later) manifestationsof the digital
object.

21Ibid.
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3.1.3.1 History of Origin

Name Historyof Origin
Identifier historyOfOrigin
Definition This elementcontainsa descriptionof theoriginal digital objectprior to ingest.In addition,

wheretheproductionof theobjecthasinvolveddigitising,theproductionprocesscanalsobe
describedhere.

Obligation VerySignificant
Sub-Elements 3.1.3.1.1Reasonfor Creation

3.1.3.1.2CustodyHistory
3.1.3.1.3ChangeHistory BeforeArchiving
3.1.3.1.4OriginalTechnicalEnvironments
3.1.3.1.5Reasonfor Preservation

Comment Thedescriptionshouldincludecoverageof thefollowing: Theintendedusageof theoriginal
digital resourcedeveloped;Original packagingcontents;Digitizing parametersused(in the
caseof digitisationprojects).

3.1.3.1.1 Reasonfor Creation

Name Reasonfor Creation
Identifier reasonForCreation
Definition This elementcontainsinformationaboutwhy a resourcewascreated.For examplefor digi-

tisedmaterialthereasontheobject(or collection)wasdigitised(e.g.fragileor rareoriginals).
Obligation Significant
Repeatable Yes

3.1.3.1.2 CustodyHistory

Name CustodyHistory
Identifier custodyHistory
Definition This elementcontainstheidentity of individualsor organisationsresponsiblefor thestorage

of thedigital objectfrom thedateof its creationuntil thedigital archivebecameresponsible
for thestorageof thedigital object,andrecordswhenthey wereresponsible.

Obligation VerySignificant
Repeatable Yes

3.1.3.1.3 ChangeHistory BeforeAr chiving

Name ChangeHistory BeforeArchiving
Identifier changeHistoryBeforeArchiving
Definition This elementdescribesany changes,which anyoneresponsiblefor thestorageof thedigital

objectmade,from thetimeof creationof thedigital objectuntil thedigital objectbecamethe
responsibilityof thedigital archive.For digital surrogateobjectsthismayincludeinformation
aboutthenon-digitalsourcematerial.

Obligation Significant
Repeatable Yes
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3.1.3.1.4 Original TechnicalEnvir onments

Name OriginalTechnicalEnvironments
Identifier originalTechnicalEnvironments
Definition This elementcontainsinformationaboutthe operatingenvironmentof the original digital

object at the time of ingest, includinginformationon relevanthardwareandoperatingsys-
tems,togetherwith thesoftwareproductsthatwouldhavebeenrequiredin orderto useit.

Obligation Significant
Repeatable Yes
Sub-Elements 3.1.3.1.4.1Prerequisites

3.1.3.1.4.2Procedures
3.1.3.1.4.3Documentation

Comment Thiselementcontainsgeneraldescriptive informationaboutthesystemsusedwith theorigi-
naldigital objectandshouldnotbeconfusedwith RepresentationInformationusedto render
theprimarydigital object(see3.2.1).

3.1.3.1.4.1 Prerequisites

Name Prerequisites
Identifier prerequisites
Definition Thehardware,operatingsystem,or softwareoriginally availableto beusedwith theoriginal

digital resource.
Obligation Significant
Repeatable Yes
Comment Guidelinesto goodpracticeon this shouldbeidentified.

3.1.3.1.4.2 Procedures

Name Procedures
Identifier procedures
Definition Additional noteson runningor installationfor the hardware,operatingsystem,or software

originally availableto beusedwith theoriginaldigital resource.
Obligation Significant
Repeatable Yes
Comment Guidelinesto goodpracticeon this shouldbeidentified.

3.1.3.1.4.3 Documentation

Name Documentation
Identifier documentation
Definition Associateddocumentationfor the the hardware, operatingsystem,or software originally

availableto beusedwith theoriginaldigital resource.
Obligation Significant
Repeatable Yes
Comment For example,a citationof thehardwaremanualfor theORIC-1computer.

Guidelinesto goodpracticeon this shouldbeidentified.
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3.1.3.1.5 Reasonfor Preservation

Name Reasonfor Preservation
Identifier reasonForPreservation
Definition Thiselementdescribesthereasonswhy thedigital waspreservedanddepositedin thearchive.
Obligation Significant
Comment The reasonsmay include,for example,the costof productionof the original object,or the

amountof interestin theoriginalobject.

3.1.3.2 ManagementHistory

Name ManagementHistory
Identifier managementHistory
Definition This elementdescribesall changeswhich were madeto the digital object from the time

responsibilityfor its storagewasacceptedby thedigital archive.
Obligation VerySignificant
Sub-Elements 3.1.3.2.1IngestProcessHistory

3.1.3.2.2AdministrationHistory

3.1.3.2.1 Ingest ProcessHistory

Name IngestProcessHistory
Identifier ingestProcessHistory
Definition This elementdescribesall changeswhich weremadeto the digital object to prepareit for

storagein thedigital archive.
Obligation VerySignificant

3.1.3.2.2 Administration History

Name AdministrationHistory
Identifier administrationHistory
Definition Thiselementdescribeswhathappenedto thedigital objectafterthecompletionof ingest.
Obligation VerySignificant
Sub-Elements 3.1.3.2.2.1Action History

3.1.3.2.2.2Policy History

3.1.3.2.2.1 Action History

Name Action History
Identifier actionHistory
Definition This elementdescribeswhat was doneto changethe digital object after ingest to ensure

preservation.
Obligation VerySignificant
Repeatable Yes
Comment Changingtheformatof thedigital objectmaybenecessaryin orderto preserve it.

Thiselementmayincludereferencelinks to earlier/latermanifestationsof theobject.
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3.1.3.2.2.2 Policy History

Name Policy History
Identifier policyHistory
Definition This elementdescribesthe setof actionswhich wereappliedto the digital objectto ensure

preservation.
Obligation VerySignificant
Repeatable Yes
Comment The regime may changeif the policy of the digital archive changes. Implementationfor

Cedarsmaybea list of pre-setactionschosenfrom a list but couldbea freetext string.

3.1.3.3 Rights Management

Theaim of preservationin theCedarscontext is to provideaccessto materialfor scholarsof thefuture.Any useof the
materialoutsidescholarshipwill requireseparaterightsnegotiations.Themetadataprovidedheremightproveusefulfor
any suchfuturenegotiations.As partof thearchive’sadministrative functions,theseelementsmustbekeptup to date.

Name RightsManagement
Identifier rightsManagement
Definition Thismetadatasectioncontainsinformationrelatingto theintellectualpropertyrightsrelevant

to thedigital object.
Obligation VerySignificant
Sub-Elements 3.1.3.3.1NegotiationHistory

3.1.3.3.2RightsInformation
Comment While someof thesesub-elementshave beenlabelled‘very significant’, many have been

designatedasonly ‘significant’. This is becauserights informationfor digital preservation
will be a complex areaanda digital archive will almostcertainlyhave aswide a rangeof
rights situationsasit doesdigital objects- relatively few of theseelementswill be generic
andapplyto all digital objects.

3.1.3.3.1 NegotiationHistory

Name NegotiationHistory
Identifier negotiationHistory
Definition Thiselementcontainsthedetailsof therightsnegotiationsleadingto submissionof thedigital

objectfor preservation.
Obligation VerySignificant
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3.1.3.3.2 Rights Inf ormation

Name RightsInformation
Identifier rightsInformation
Definition Thismetadatasectioncontainsinformationrelatingto theintellectualpropertyrightsrelevant

to thedigital object.
Obligation VerySignificant
Sub-Elements 3.1.3.3.2.1Copyright Statement

3.1.3.3.2.2Actors
3.1.3.3.2.3Actions

Comments This metadatawill beusedby a librarianor anarchivist to decidewhata library or archive
usercandowith adigital object.

3.1.3.3.2.1 Copyright Statement

Name Copyright Statement
Identifier copyrightStatement
Definition This elementcontainssub-elementsto aid in the identificationof the intellectualproperty

rightsholderor holders.
Obligation VerySignificant
Repeatable Yes
Sub-Elements 3.1.3.3.2.1.1Nameof Publisher

3.1.3.3.2.1.2Dateof Publication
3.1.3.3.2.1.3Placeof Publication
3.1.3.3.2.1.4RightsWarning
3.1.3.3.2.1.5Contactsor RightsHolders

3.1.3.3.2.1.1 Nameof Publisher

Name Nameof Publisher
Identifier nameOfPublisher
Definition Thissub-elementcontainsthenameof thepublisherof thedigital object.
Obligation VerySignificant
Repeatable Yes
Comment Thiselementcouldcontaina uniquereferenceidentifierfor publishers,aninitiativewhich is

currentlyunderdevelopment.

3.1.3.3.2.1.2 Dateof Publication

Name Dateof Publication
Identifier dateOfPublication
Definition Thissub-elementcontainsthedateof publicationof this versionof this digital object.
Obligation Significant
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3.1.3.3.2.1.3 Placeof Publication

Name Placeof Publication
Identifier placeOfPublication
Definition Thissub-elementcontainstheplaceof publicationof this versionof this digital object.
Obligation Significant
Repeatable Yes

3.1.3.3.2.1.4 Rights Warning

Name RightsWarning
Identifier rightsWarning
Definition This sub-elementcontainsa warningthat the digital objectmay be subjectto copyright or

databaseright.
Obligation VerySignificant

3.1.3.3.2.1.5 Contactsor Rights Holders

Name Contactsor RightsHolders
Identifier contactsRightsHolders
Definition Thissub-elementcontainsdetailsof otherknown rightscontactsor rightsholders.
Obligation LessSignificant
Repeatable Yes
Comment Theuseof this sub-elementmaydependon thelocationof theuser, or theintendedplaceof

use,or both,sincetheremaybedifferentrightsholdersin differentcountries.

3.1.3.3.2.2 Actors

Name Actors
Identifier actors
Definition This elementspecifiesthepermittedusersof thedigital object,for example,archive staff or

library usersor both.
Obligation VerySignificant
Comment Somedigital objectsmaybearchivedfor preservationbut notfor currentuseraccess.Archive

staff needaccessto thedigital objectto checkregularly that thepreserveddigital objectcan
still berendered.

3.1.3.3.2.3 Actions

Name Actions
Identifier actions
Definition Thiselementcontainssub-elementsdescribingpermittedactions.
Obligation VerySignificant
Sub-Elements 3.1.3.3.2.3.1Permittedby Statute

3.1.3.3.2.3.2Permittedby Licence
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3.1.3.3.2.3.1 Permitted by Statute

Name Permittedby Statute
Identifier permittedByStatute
Definition This sub-elementcontainstext reminderson standardpermittedactions,for example, the

reminderthat copying for the purposeof research,privatestudy, criticism, review, or the
reportingof currenteventsis permittedsolongasit amountsto fair dealing.

Obligation Significant
Sub-Element 3.1.3.3.2.3.1.1LegislationText Pointer
Comment Noteshouldbetakenof ‘PermittedbyLicence’,3.1.3.3.2.3.2

3.1.3.3.2.3.1.1 Legislation Text Pointer

Name LegislationText Pointer
Identifier legislationTextPointer
Definition Thissub-elementcontainsapointerto thefull text or textsof thecurrentrelevantlegislation.
Obligation Significant

3.1.3.3.2.3.2 Permitted by License

Name Permittedby Licence
Identifier permittedByLicence
Definition If a licensingagreementis known to be in place,this sub-elementincludestheactualterms

of thelicence,which wouldnormallyspecifypermittedactorsandactions.
Obligation LessSignificant
Sub-Element 3.1.3.3.2.3.2.1LicenceText Pointer
Comment Actionswhichareneededto ensurelongtermpreservationareassumedto bepermitted,since

thedigital objectsaredepositedin anarchivedesignedto ensurelong-termpreservation.
Collective licensingagreementsmaybein placeandmayberelevant.

3.1.3.3.2.3.2.1 LicenceText Pointer

Name LicenceText Pointer
Identifier licenceTextPointer
Definition This sub-elementcontainsa pointerto thefull text or texts of thecurrentrelevantlicenceor

licences.
Obligation LessSignificant
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3.1.4 Fixity Inf ormation

Name Fixity Information
Identifier fixityInformation
Definition This elementwill beusedto prove theauthenticityof anArchivedInformationPackage,for

example,by useof a checksumor a digital signature.
Obligation VerySignificant
Repeatable Yes
Sub-Element 3.1.4.1AuthenticationIndicator
Comment Althoughfixity informationis notstoreddirectlywith thedigital objectin theContentInfor-

mationit is still associatedwith it within theAIP. TheOAIS modelmakesclearthatanything
notdirectly involvedwith thetechnicalrenderingof theobjectshouldnotbepartof theCon-
tent Information. It is not the casethat variousobjectswill sharefixity information. Each
AIP will have its own fixity information (this particularly relatesto objectswith different
manifestationsasdescribedabove). In theCedarsimplementation,fixity informationwill be
anintegralpartof thedisseminationof digital objectsfrom thearchive,in orderto ensurethat
no objectis disseminatedfrom thearchive without adequateassurance(via the fixity infor-
mation)that it is authentic.It is envisagedthat this will work in thesameway thataccessto
digital objectswill only beprovidedonceusershavebeenauthenticated.

3.1.4.1 Authentication Indicator

Name AuthenticationIndicator
Identifier authenticationIndicator
Definition Themechanismusedto ensurethedigital object’sauthenticity. For example,adigital certifi-

cate.
Obligation VerySignificant
Repeatable Yes

3.2 Content Inf ormation

Name ContentInformation
Identifier contentInformation
Definition Theprimarytargetfor preservation.Composedof aPrimaryDigital Objectandits Represen-

tationInformation.
Obligation VerySignificant
Repeatable No
Sub-Elements 3.2.1RepresentationInformation

3.2.2PrimaryDigital Object

3.2.1 RepresentationInf ormation

Sincethepracticalimplementationof therepresentationinformationinvolvesa network of specialistAIPs, linkedby
referencesratherthanembeddedwithin themetadatarecord,someof this sectionof thedocumentwill appearto
duplicateelements,namelythethreeelements3.2.1.1.2TransformerObjects(TOs),3.2.1.1.3Render/Analyse/Convert
(RACs)Objects,and3.2.1.2.1Render/AnalyseObjects(RAOs).Theseareall placeholdersfor softwaretools,but tools
thatdo slightly differenttasks.Wherepossibletherender/analysetoolsshouldbereferencedfrom theStructure
Information(andhenceassociatedwith thedataformatof thedigital object)asthis makesthesetoolsavailablefor any
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objectwhich sharesthesamedataformatstructure.However, in somecasesa render/analysetool will only beapplicable
to thedigital object(andnot otherobjectswhich sharethesamestructure)andthesearelinkedto theSemantic
Informationplaceholder. Pleasenotethatall of thesetoolshave thesamesub-elementssotheseareonly detailedunder
3.2.1.1.2TransformerObject,with commentsthatreflectthedifferencesin usageof thesimilar RACsandRAOs.

RepresentationInformationcontainsall theinformationneededto obtainandrendertheintellectualcontentof thestored
digital object.If thearchive is unableto provideanenvironmentfor renderinga digital objectat thetime of ingest,it is
advisablethatinformationbestoredwhichdescribesthetechnicalenvironmentin asmuchdetailasis possibleto allow
for someunderstandingof theenvironmentin thefuture.Suchdetaileddescriptionsof technicalenvironmentsmaybe
storedin RI (seeCommentbelow).

Name RepresentationInformation
Identifier representationInformation
Definition Thismetadatasectioncontainsall theinformationneededto obtainandrendertheintellectual

contentof thestoreddigital object.It providesall thecorrectentrypointsto therepresentation
network. Thesub-elementsof this sectioncanbestoredembeddedin theAIP, but oftenthey
will bestoredexternallyaspartof a representationnetwork andlinks to thenetwork will be
embedded.

Obligation VerySignificant
Repeatable No
Sub-Elements 3.2.1.1StructureInformation

3.2.1.2SemanticInformation
Comment Wherean archive is unableto provide the technicalenvironmentfor renderingat the time

of ingest,inclusionof free-text to describethe environmentor explain how to find out this
informationwould helpprovidebetteraccessto thedigital contentin thefuture.

3.2.1.1 Structur e Inf ormation

Name StructureInformation
Identifier structureInformation
Definition This elementprovidesa mechanismfor transformingthepreserveddigital object(storedas

a byte-stream)into the structuredsetof digital componentsneededin orderto access(and
render)its intellectualcontent.

Obligation VerySignificant
Sub-Elements 3.2.1.1.1UnderlyingAbstractFormDescription

3.2.1.1.2TransformerObjects
3.2.1.1.3Render/Analyse/ConvertObjects

Comment Thesimplesttransformationshouldbeto reproducethestructureof theobjectprior to ingest
(e.g. for an archived CD-ROM, the byte-streamis transformedinto a file treeof the same
structureasthaton theoriginalCD).

3.2.1.1.1 Underlying Abstract Form Description

TheCedarsprojectrefersto thestructurethatis neededin orderto accesstheintellectualcontentof adigital objectasthe
“UnderlyingAbstractForm” (UAF) of theobject.It shouldbenotedthata givendigital objectmayhavemorethanone
choicefor its UAF, andpartof theingestprocessinvolvesidentifyingasuitableUAF whichcaptures,ascloselyas
possible,thestructuralaspectsof theobjectin orderto allow all the“significantproperties”of theobjectto beretained.
Identificationof anappropriateUAF (with associatedsignificantproperties)will begovernedby policiesin placeat the
archive. Cedarsconsiderssuchpolicy decisionsto betheresponsibilityof collectionor archivemanagers- no adviceon
makingthesedecisionsis givenin thisdocument.
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Name UnderlyingAbstractForm Description
Identifier uafDescription
Definition A formal or informal descriptionof the abstractdataform. A completedescriptionshould

giveexamplesof digital objectswhich thisUAF hasbeenprovidedfor.
Obligation Significant
Comment If a tableof all UAF-Descriptionsis maintained,thiscouldalsobeusedasatool to aid ingest

decisionsto selectthecorrectUAF.
As thenumberof digital resourcesarchivedwith the sameUAF increases,this elementbe-
comesmoresignificant.

3.2.1.1.2 Transformer Objects (TOs)

Thetransformerobjectsarea specialisttypeof RAC (3.2.1.1.3).They work from aresourcein acommonform (a
byte-stream)andrenderit into theUAF.

Name TransformerObject
Identifier uafTransformer
Definition A TransformerObjectsprovidethesoftwaremechanismto transformthebyte-streaminto an

instantiationof theUAF.
Obligation VerySignificant
Repeatable Yes
Comment It is likely thatTOswill haveto beplatformspecific.
Sub-Elements 3.2.1.1.2.1Platform

3.2.1.1.2.2Parameters
3.2.1.1.2.3Render/AnalyseEngines
3.2.1.1.2.4OutputFormat
3.2.1.1.2.5InputFormat

3.2.1.1.2.1 Platform

Name Platform
Identifier platform
Definition Thecomputationalplatformwhich is neededsothatthesoftwarewill run.
Obligation Significant
Repeatable No
Comment A platform may refer to a pieceof hardware,or an appropriatesoftwaretechnology(such

asa webbrowser). For certainresourcesit maybepossibleto representtheplatformin the
abstractby providing C-codewhichcanbecompiledonthehardwareavailableat thetimeof
access.
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3.2.1.1.2.2 Parameters

Name Parameters
Identifier parameters
Definition Additional requirementsthatneedto beindicatedto therenderingsoftwareenginefor it run

in thecorrectmodeof operation.
Obligation LessSignificant
Repeatable Yes
Comment Parametersfor aTO might includethe‘arguments’neededby thesoftwarein orderto achieve

themappingof thebyte-streaminto thespecifictypeof UAF.

3.2.1.1.2.3 Render/AnalyseEngines

Name Render/AnalyseEngines
Identifier renderAnalyseEngines
Definition Thesoftwareenginerequiredto renderthedigital objectin theappropriatemanner.
Obligation Significant
Repeatable No
Comment For a TO, thesoftwareenginerendersby transformingthebyte-streaminto theUAF.

3.2.1.1.2.4 Output Format

Name OutputFormat
Identifier outputFormat
Definition A descriptionof the format producedby processingthe digital object with the rendering

engine.
Obligation Significant
Repeatable No
Comment For a TO, thiselementshouldbeidenticalto theUAF-Description.

For theRAO theoutputformatmaybea GraphicalUserInterfaceor a printout.

3.2.1.1.2.5 Input Format

Name InputFormat
Identifier inputFormat
Definition A descriptionof theformatof digital objectthattherenderingsoftwareworkson.
Obligation Significant
Repeatable No
Comment ForaTOthisshouldbethebyte-streamformat(wherethearchivalstoreis updatedtopreserve

AIPs in a form otherthan“byte-stream”this shouldbereflectedin this metadataelement).
For a RAC thesoftwareis associatedon thestructuredside,sotheinput formatmustbethe
UAF of theobject.
For the RAO the input format will eitherbe the UAF or the resultof a format conversion
following on from theproductionof theUAF.
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3.2.1.1.3 Render/Analyse/Convert Objects (RACs)

Generalrenderingcapabilitiescanbeattachedto thestructuralforms.This makesit possiblefor all toolswhich rendera
particularkind of underlyingabstractform to beshared.Toolsfor renderinga resourcethatarespecificto theresource
shouldbeattachedto theSemanticInformation.Renderingoperationsthatconvert from onedigital dataformatto
anothershouldbeattachedhere,enablingpoliciesof formatmigration.

Thearchivecouldmaintaina list of dataformatssothatnew renderingcapabilitiescouldbeuncoveredwhena
conversiontool is deployed.Suchlistsandadministrative functionsarenot coveredin thisspecification.

Name Render/Analyse/ConvertObject
Identifier racObject
Definition An instanceof this kind of objectprovidesa softwaremechanismto accessthe intellectual

contentof the digital object,eitherby direct rendering,an analyticaltool, or by converting
theobjectinto a form moreeasilyrendered/understood.

Obligation Significant
Repeatable Yes
Sub-Elements 3.2.1.1.2.1Platform

3.2.1.1.2.2Parameters
3.2.1.1.2.3Render/AnalyseEngines
3.2.1.1.2.4OutputFormat
3.2.1.1.2.5InputFormat

3.2.1.2 SemanticInf ormation

Name SemanticInformation
Identifier semanticInformation
Definition This providesthe mechanismswhich allow the specificdigital objectin the AIP to be ren-

dered.
Obligation Significant
Repeatable No
Sub-Element 3.2.1.2.1Render/AnalyseObjects
Comment Oftentheserenderingprocesseswill berelevantonly for thesingledigital resource,andwill

nothavegeneralapplicability.

3.2.1.2.1 Render/AnalyseObjects (RAO)

As mentionedabove,theserenderingobjectshave thesamesetof sub-elementsasTransformerand
Render/Analyse/ConvertObjects.Themaindistinctionis their relationshipto thespecificdigital resource.
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Name Render/AnalyseObject
Identifier raObject
Definition This elementprovidesthedifferentsoftwaremechanismsanddescribetheplatformswhich

theserunon, in orderto accesstheintellectualcontentof thedigital object.
Obligation Significant
Repeatable Yes
Sub-Elements 3.2.1.1.2.1Platform

3.2.1.1.2.2Parameters
3.2.1.1.2.3Render/AnalyseEngines
3.2.1.1.2.4OutputFormat
3.2.1.1.2.5InputFormat

3.2.2 Primary Digital Object

Name PrimaryDigital Object
Identifier primaryDigitalObject
Definition This is thepreservedbyte-streamof theoriginaldigital resource.In somecasesthis element

will bepopulatedwith a referenceto theactualcontainerobject(usingtheCRID indirection
namingscheme).

Obligation VerySignificant
Repeatable No
Comment Thisis notactuallyametadataelement,asit is theactualdigital resourcepreserved.However,

theremustbesomeassociationbetweenthemetadatain theAIP andthedigital resourcein
theAIP.
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Appendix Six : Metadata : Preservation Description
Inf ormation, an XML DTD

<!ELEMENT preservationDescriptionInformatio n
(referenceInformation?,contextInform ation ?,pro venanc eInfo rmati on?,
fixityInformation?)>

<!ELEMENT referenceInformation
(resourceDescription?,existingMetada ta?) >

<!ELEMENT resourceDescription
(DCtitle | DCcreator | DCsubject | DCdescription | DCpublisher |
DCcontributor | DCdate | DCtype | DCformat | DCidentifier |
DCsource | DClanguage | DCrelation | DCcoverage | DCrights)* >

<!ELEMENT DCtitle (#PCDATA | reference | list | p)* >
<!ELEMENT DCcreator (#PCDATA | reference | list | p)* >
<!ELEMENT DCsubject (#PCDATA | reference | list | p)* >
<!ELEMENT DCdescription (#PCDATA | reference | list | p)* >
<!ELEMENT DCpublisher (#PCDATA | reference | list | p)* >
<!ELEMENT DCcontributor (#PCDATA | reference | list | p)* >
<!ELEMENT DCdate (#PCDATA | reference | list | p)* >
<!ELEMENT DCtype (#PCDATA | reference | list | p)* >
<!ELEMENT DCformat (#PCDATA | reference | list | p)* >
<!ELEMENT DCidentifier (#PCDATA | reference | list | p)* >
<!ELEMENT DCsource (#PCDATA | reference | list | p)* >
<!ELEMENT DClanguage (#PCDATA | reference | list | p)* >
<!ELEMENT DCrelation (#PCDATA | reference | list | p)* >
<!ELEMENT DCcoverage (#PCDATA | reference | list | p)* >
<!ELEMENT DCrights (#PCDATA | reference | list | p)* >

<!ELEMENT reference (#PCDATA) > <!ATTLIST reference type CDATA #IMPLIED>

<!ELEMENT list (item+)>

<!ELEMENT p (#PCDATA | reference | list)*>

<!ELEMENT item (#PCDATA | reference | list | p)* >

<!ELEMENT existingMetadata (existingRecord+)>

<!ELEMENT existingRecord (#PCDATA) >
<!ATTLIST existingRecord scheme CDATA #IMPLIED>

<!ELEMENT contextInformation (relatedInformationObject+)>

<!ELEMENT relatedInformationObject (relationship,reference)>

<!ELEMENT relationship (#PCDATA) >
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<!ELEMENT provenanceInformation
(historyOfOrigin?,managementHistory? ,righ tsMan agement?) >

<!ELEMENT historyOfOrigin
(reasonForCreation*,custodyHistory*, chang eHist oryBef oreAr chivi ng*,
originalTechnicalEnvironments*,reaso nForP reser vation *) >

<!ELEMENT reasonForCreation (#PCDATA | reference | list | p)* >

<!ELEMENT custodyHistory (#PCDATA | reference | list | p)* >

<!ELEMENT changeHistoryBeforeArchiving (#PCDATA | reference | list | p)* >

<!ELEMENT originalTechnicalEnvironments (prerequisites*,procedures*,
documentation*) >

<!ELEMENT prerequisites (#PCDATA | reference | list | p)* >

<!ELEMENT procedures (#PCDATA | reference | list | p)* >

<!ELEMENT documentation (#PCDATA | reference | list | p)* >

<!ELEMENT reasonForPreservation (#PCDATA | reference | list | p)* >

<!ELEMENT managementHistory (ingestProcessHistory?,administratio nHisto ry?) >

<!ELEMENT ingestProcessHistory (#PCDATA | reference | list | p)* >

<!ELEMENT administrationHistory (actionHistory*,policyHistory*) >

<!ELEMENT actionHistory (#PCDATA | reference | list | p)* >

<!ELEMENT policyHistory (#PCDATA | reference | list | p)* >

<!ELEMENT rightsManagement (negotiationHistory?,rightsInformatio n?) >

<!ELEMENT negotiationHistory (#PCDATA | reference | list | p)* >

<!ELEMENT rightsInformation (copyrightStatement*,actors?,actions ?) >

<!ELEMENT copyrightStatement (nameOfPublisher*,dateOfPublication ?,
placeOfPublication*,rightsWarning?,c ontac tsRig htsHol ders* )>

<!ELEMENT nameOfPublisher (#PCDATA | reference | list | p)* >

<!ELEMENT dateOfPublication (#PCDATA | reference | list | p)* >

<!ELEMENT placeOfPublication (#PCDATA | reference | list | p)* >

<!ELEMENT rightsWarning (#PCDATA | reference | list | p)* >

<!ELEMENT contactsRightsHolders (#PCDATA | reference | list | p)* >
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<!ELEMENT actors (#PCDATA | reference | list | p)* >

<!ELEMENT actions (permittedByStatute?,permittedByLice nce?) >

<!ELEMENT permittedByStatute (#PCDATA | reference | list | p)* >
<!ATTLIST permittedByStatute legislationTextPointer CDATA #REQUIRED >

<!ELEMENT permittedByLicence (#PCDATA | reference | list | p)* >
<!ATTLIST permittedByLicence licenceTextPointer CDATA #REQUIRED >

<!ELEMENT fixityInformation (authenticationIndicator+)>

<!ELEMENT authenticationIndicator (#PCDATA | reference | list | p)* >


