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ABSTRACT

This study examines the cost factasing the @en Archival Information System (OAI®) preserving digital records

in organigtions. The aim of the study is to use the OAIS functional model in identifying the cost factors tha
organisations need to be awaien preserving digital record¥he OAISmodelbreaksdown the preservation process
into smaller sukprocesses which calithen be assessed more easily with regard to their required resources and t
associated costs factors. The cost factors will hopefully help organs#atidrudget better for the preservation of

digital records.

Chapter one introducesrious aspects dhe study which include; background information to the study; statement of
the problem; the purpose of the study; the aim and objectives, the scope of the study; the intended audience and fil
the significance of the study

Chapter two reviews literate rdevant to the study. Thiacus of the literature was on the six entities of the OAIS
functional model which includéngest, Archival Storage, Administration, Preservation Planning, Data Management
and Access.

Chapter thregliscusses the methodologyoatied by the study. It specifically examines the research purpose,
research approach, research strategy, data collection megomlgationand finally thelimitations that
were encountered in thresearch. The study adopted a case studgrdiews, onle questionnaires and
documentation were used to collect data and the study population wasgptiesentativegroups of
professionals in Norway which include the EDOK (part ofMlmewegiancomputer society)Verdiskaperne

(information management networ&)d the LongRec project in Norway

Chapter four preents the data collected and its analysi®lation to the study aims and objectives. Among
the findings that the study came up with were: most organisations did not have a cost model for digi
presenation; few organisations were using the OAIS model as framework in determining costs in digite

preservation and finally there were different ratings on the cost factors decomposed from the OAIS model

Chapter five presentsraatrix for the cost factorsiidigital preservation and a cost model that provides a
tentative formula for calculating the total preservation costs. The formula provides an outline which applit

to different organisations based on their stability, nature and their needs.

Finally, chaper six presents a summary of the study findings, conclusions and recommendations for furth
research. The major conclusion from the stiglyhat aitomation is a significant factor in controlling the

costs of largescale digital preservation.

Master thesidnternational Master in Digital Library Learn2@09 Page2



ACKNOWLED GEMENT

| am indebted to many people for their help in the last two years as | worked towards obtaining thss mast
degree First and foremost | would like to thank my supervisiiiemas Sgdringf Oslo University College

and IngetrMette Gustaven of Det ddsk Veritas (DNV) for providing me with the opportunity, advice and
insight to write my thesis on this topic. Your guidance, valuable commentsuapadrtencouraged me to
always remain focussebroughout all stages of thikesis

| would like to thankRagnamordlie of OsloUniversity College, for your advicndsupport indeciding the
relevant methods of data collection for the thesid your comments on my methodology section of this
thesis.

| would also like tothank Thomas Mestl of DNV for your aluable insight during the last stages of my
thesis. Thanks for taking your time to edit my work and your wise advice that greatly contributed to th
quality of this thesis.

| am very grateful to DNYfor hosting me during minternship. Thiss where tle idea of this thesis was
born as a result of working with the LongRec project. Special thanks goes téMatierthe initial contact
with DNV, it was a pleasure working with yoMy sincere thankgo to all the LongRec project case
partners anaspecial the partnes who willingly responded to minterviews and questionnaires amidst
their busy schedules.

My special thankgo to all theteachersof DILL (Digital Library Learning)in Norway, Estonia and Italy
and all the student®r the supportencouragment andknowledge they have offered and shared in the last
two years.| thank te Erasmus Mundus Programme that sponsored my stulliels enabled me to achieve
my dream of doing mynastes.

People who made my stay Norway are not to be forgotten. Martganks to my friends: Eric Kahimano,
Abigail Mutindi, Rahat Isaevaloseph Anin and Jemima Anifihank you all

Last but not least | would likeo thank my parentastho sowed in me the first seed of formal education
Thanks for the sacrifice that you madesducatene. | am truly and deeply indebted to both of you. Thanks
to my loving husband for your support and loYeu are my best friend.

Finally, my sincere gratitude goes to our almighty God who through His grace has seen me through the t
years ofstudy in three differertountries.

Master thesidnternational Master in Digital Library Learn2@09 Page3



LIST OF FIGURES AND TABLES

Figure 1:Forecasted growth in digital information being created captured and replicated worldwide from
2006- 2011. (Gantz, €t Al2008)........uueiiiiiiiiieeeeeeeeeeere e e e e e e e et e e e e e e ——er e ranan s 12

Figure 2: Available storage versus created information forecast from 2005 to Ganiz,(et al., 2008).14
Figure 3:The OAIS Functional model is divided into six entities (here shown in blue). CCSDS (2002)

Figure 4: The difference in metadata cost. Doanne (2003). (http://dublincore.org/groups/c&@eatideéy

.......................................................................................................................................................... 33
Figure 5: cost factors identified in archival storage of the OAIS functional model........................... 34
Figure 6:An example scorecard, comparing some common Media tyPes...........cooeeeeeereeeeeeeeeinnnns 35

Figure 7: The pie chart is a %representatiofidoryou have a cost model for digital preservation?.....59

Figure 8: This is % representationfbns di gi t al preservation i.nc.l6ddec
Figure 9: Thisis%a pr esent ati on on dAis digital pres.earblat i
Figure 10: This is a representation on .i.what2 ar
Figure 11: General cost factors highlighted from the 6 people interviewed................cccoeev i 63
Figure 12: The figure shows the rating of challenges of costs in digital preservation....................... 64

Figure 13: Rating on the responsefirhich areas does the management allocate resources in digital
(ST E=ET= = N S T T o o N PR PPPPPPRRR 65

Figure 14: The rating on the criticality of cost factors in digital preservatian.................cccovceeveevrennns 66
Figure 15:% representation dfet online questionnaires on the use of OAIS model in determining. c@sts
Figure 16: Rating of cost factors iningg8vh at ar e t he cost factor s.68 ha

Figure 17: Rating on cost factoi®vh at ar e t he cost factors that ca

Figure 18: Ratingw cost factoriwh at ar e t he cost factors thail ca
Figure 19: Rating of cost factofd/\Vhat are the cost factors that can be identified in the adntim a t.74 o n ?

Figure 20: Rating on cost factors in preservation planiiitipat are the cost factors that can be identified
i n preservadt..on...pl.anni.ng. 2.0 e, 16

Figure 21: Rating on cost factorsinaccéd8h at ar e t he cost factor.s77t ha

Figure 22:An example of a cost metrics that may be useanslate the various cost factors into more
(=T o I o o T 0 O o o SO AU = T S 0 K ST PP PP PP P PP PP PP PPPPR 92

Master thesidnternational Master in Digital Library Learn2@09 Paged


file:///C:\THESIS%20WORK\ALMOST%20%20FINAL%20THESIS%20DRAFT.doc%23_Toc233876453
file:///C:\THESIS%20WORK\ALMOST%20%20FINAL%20THESIS%20DRAFT.doc%23_Toc233876459

ERP
CRM
NAS
IDC
OAIS
ERPA
CCSDS
ALA
AIP
SIP

DIP

LIST OF ABBREVIATIONS

ELECTRONIC RECORDS MANAGEMENT

CUSTOMER RELATIONSHIP MANAGEMENT

NATIONAL ARCHIVE OF SCOTLAND

INTERNATIONAL DATA CORPORATION

OPEN ARCHIVAL INFORMATION SYSTEM
ELECTRONICRESOURCE PRESERVATIOMND ACCESS NETWORK
CONSULTATIVE COMMITTEE FOR SPACE DATA SYSTEMS
AMERICAN LIBRARY ASSOCIATION

ARCHIVAL INFORMATION PACKAGE

SUBMISSION INFORMATION

DISSEMINATION INFORMATION PACKAGE

Master thesidnternational Master in Digital Library Learn2@09

Page5



TERMINOLOGY

The following terms have beeselected from the ISO reference model of Open archival information system
because of their relevance to this study

Access The OAIS entity that cdains the services and functions which make the archival Information

holdings and related services visible to Consumers.

Administration : The OAIS entity that contains the services and functions needed to control the operation c
the other OAIS functionantities on a dayo-day basis.

Archival Information Package (AIP): An Information Package, consisting of the Content Information and

the associated Preservation Description Information (PDI), which is preserved within an OAIS.

Archival Storage: The OAIS entity that contains the services and functions used for the storage anc

retrieval of Archival Information Packages.

Archive: An organization that intends to preserve information for access and use by a designats

Community

Consumer. The role played byhose persons or client systems, who interact with OAIS services to find
preserved information of interest and to access that information in detail. This can include other OAISs,

well as internal OAIS persons or systems.

Data Management The OAIS enty that contains the services and functions for populating, maintaining,
and accessing a wide variety of information. Some examples of this information are catalogs and inventor
on what may be retrieved from Archival Storage, processing algorithmm#yabe run on retrieved data,

Consumer access statistics, Consumer billing, Event Based Orders, security controls, and OAIS schedLt

policies, and procedures.

Designated Community An identified group of potential Consumers who should be able to uadérat

particular set of information. The Designated Community may be composed of multiple user communities.

Digital Object: An object composed of a set of bit sequences.
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Dissemination Information Package (DIP):The Information Package, derived from omenwore AIPSs,

received by the Consumer in response to a request to the OAIS.

Finding Aid: A type of Access Aid that allows a user to search for and identify Archival Information

Packages of interest.

Ingest: The OAIS entity that contains the services duodctions that accept Submission Information
Packages from Producers, prepares Archival Information Packages for storage, and ensures that Arch

Information Packages and their supporting Descriptive Information become established within the OAIS.

Long Term: A period of time long enough for there to be concern about the impacts of changing
technologies, including support for new media and data formats, and of a changing user community, on

information being held in a repository. This period extentistime indefinite future.

Long Term Preservation: The act of maintaining information, in a correct and Independently

Understandable form, over the Long Term.

Metadata: Data about other data

Open Archival Information System (OAIS): An archive, consistim of an organization of people and

systems that has accepted the responsibility to preserve information and make it available for a Designe
Community. It meets a set of responsibilities, as defined in 3.1, that allows an OAIS archive to
distinguishedd r om ot her wuses of the term 6archiveb. T
Recommendation and future related Recommendations and standards are developed in open forums, a

does not imply that access to the archive is unrestricted.

Producer: The role played by those persons or client systems, who provide the information to be preserve

This can include other OAISs or internal OAIS persons or systems.

Reference Model: A framework for understanding significant relationships among théiesnbf some
environment, and for the development of consistent standards or specifications supporting that environme
A reference model is based on a small number of unifying concepts and may be used as a basis for educ:

and explaining standards aononspecialist.
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Submission Agreement The agreement reached between an OAIS and the Producer that specifies a de
model for the Data Submission Session. This data model identifies format/contents and the logic
constructs used by the Producer and hthey are represented on each media delivery or in a

telecommunication session.

Submission Information Package (SIP):An Information Package that is delivered by the Producer to the

OAIS for use in the construction of one or more AlPs.
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1.0. INTRODUCTION

This chapterdiscusses théackground information to ¢éhstudy statemenbof the problem, the research
purpose, the aims and objectives, the scope of the research, the intended audience and significance o
research.

1.1. BACKGROUND INFORMATION

According to(Gantz et al 2008 in their survey of an updateforecast of world wide information gwth
through 2011, they found thtte digital universe inthe year 200Was 2.25« 1021 bits (28 Exabyteor 281
billion gigabytes) andheyestimated that the compound annual growth rate between 2007 and thelylear 20
is expected to be almost 60%gure 1 belowllustrates the growth over time of digital information created,
captued or replicated(Gantz et al 2008 attributethe growth to the faggrowing corners of the digital
universe whichincludesthose relted to digital TV, surveillance cameras, Internet access in emerging
countries, sensdes ased applications, datacenters sufleprt:i
further state that thdiversity of the digital universe can be seen in the tditw of file sizes, from 6
gigabyte movies on DVD to 128it signals from RFID tags. Because of the growth of VolP, sensors, and
RFID, the number of eledrni ¢ i nf or ma tfilespimages, packetsad tagoenteatss growing

50% faster tharhie number of gigabytes

Digital Information Created, Captured, Replicated Worildwide

Exabyles
1.800
1.600
g Tenfold
s Growth in
00 Five Years!
800 >
Medical imagng. Laptiops
600 Datacomnter applications, Games
400 Salsllite images, GPS,
Sensors, Digital radio, DLP the
200 Peear-10-paer, Email tant messaging, Vi E x
a CADMNAM, Toys, Industniad machines, Securily systiems, Applances
2008 2007 2008 2009 2010 2011

Figure 1: Forecasted growth in digital information beingcreated captured and replicatedworldwide
from 2006- 2011 (Gantz, et al.,2008
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However, (Lougee 2002 attributes theexplosion of information talistributed computing and the web
which has democratized technology bringing it to the desktop aras a result many individuals and

institutions have the basic capability of publishing and generating information.

Organisations are facing major chaties due to the exponential growth of tla@nount ofinformation
generatecveryday. (IBM System $orage,2008) points out that Informatiorthat surrounds us i.emals,
instant and texting messagjnegellular communication, thaternet and digital videbasbecome part of our
daily lives. These channels have become indispensable tools of business commumicatidnally every
organisation orindustry. Business criticalERP (Electronic Records Managemenbdgtammes) CRM
(Customer Relationship &hagerent) and other transaction processing applications also collect and
accumulate a wealth of business information. Tlagxg®icationsempower new business initiatives, support
daily operations and drive revenue generation. As bussgeneate more and merinformation the
informationneedto be managedffectively and efficientlyn order tomeet businessbjectives, reducesk

and driveinnovation.

Information isthe most basic and ess@itasset in most modern organisations #ke with any other
business asset, recorded informatiequires effective managemednlational Archives of Scotland, 2005).
If we believe that information assets are in need of management and presethatiothe value of the
information needto be clearly expressed to tHecisionmakers Theyshouldclearly understand the value
or benefit that derives from it and the risks inherent in ngakin not making annvestment.(Currdl,
Johnson & McKinney2006).

The greatest challenge at the momesntpainted out by (Gantz etl., 2008) is the issue of information
overload. In their research they foutitht n 2007, according to their estimates, all the empty or usable
space on hard drives, tapes, CDs, DVDs, and memory (volatile anebtaiite) in the markeéqualed 264
Exabyte which isvery close to the total amount of information created or captured (see Ridnaiew),
andfrom here on, the two numbers diverge. This mismatctvdet creation and storage, piasreasing
regulatory requirements for information retentiavi|l put pressure on those responsible for developing

strategies for storing, retaining, and purging information on a regular basis.
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Information Creation and Available Storage

2005 2006 2007 2008 2009 2010 2011

Figure 2: Available storage versus created informatiorforecast from 2005to 2011 (Gantz, et d.,
2008)

(IBM System $orage, 2008)point out that e surge in criticality, value and volume of information is
overwhelming,yet the value of information is not equal across applicatan it changes over time.
Identifying less frequentlysed dataifactive data) and then distinguishing between thigyorical data and
data that must remain immediately availafdetive dad) is important fobusinessesManaginginactive

dataappropriately will have bottorfiine impact on productivity andperationhcosts

In an environment of increasing regulatory measures and the need to comply with record retenti
requirements, business information must be appropriately stored, protected and didpeked ob longer
required for compliance or business pugsd-ailure to produce documents under litigation or regulatory
audits in a timely manner can result in serious consequences, including hefty fines, even when informat
delay, loss or damage is accidental. #he information volume increases and requirgtbrage times
lengthen, managingtoring and protecting business information becomes more challenging and18ddtly
System $rage,2008)

The systematic managementdigital records as pointed out BMAS, 2005 allows organisations to:

T know what ecords they have, and locate them easily
1 increase efficiency and effectiveness

1 make savings in administration costs, both in staff time and storage
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support decision making

be accountable

achieve business objectives and targets
provide continuity in the@vent of a disaster

=A =4 =4 =4 =4

meet legislative and regulatory requirements, particularly as laid down by the Freedom c
Information (Scotland) Act and the Data Protection &ud

1 protect the interests of employees, clients and stakeholders

Despite the knowledgen the importancand valueof digital records by organisatisnone thing that has
been an issue of concern in organisaimnthe question of how much will it cost pyeservethe digital
recordsto ensure that they can be accessed as long as thesedexn

1.2.STATEMENT OF THE PROBLEM

Theavailability of cost data from ongoing digital preservation activitiez#@ce. This can bascribed to the

fact that the notion of preserving dii materials is relatively newConsequentlymost digital preseation
initiatives are still in their infancyLavoie, 2003).The costs of preservinigital materials will be different

from the cost of preserving other ndigital materials and will require resource commitments of a differ
nature on an ongoing bagiCedar, 2002 (Russell&Weinbeger, 2000) indicate that the ongoing costs of
digital preservation are also likely to span a more extended timeframe than traditional preservation anc
may be the case that different technical strategies will presctulbe different costing timeframes and
schedules

Several attempts have been made by researchers in coming up with costforadigisal preservation. A
good exapl e i s t he He ndHickig based orothet sevemosthges associated with digital
cadlection management. Hexpands this framework by enumerating a set of cost elements for each module
in order to describe the total costs associated with thetéong management of a digital collection. With
this in hand, he then identifies the subseta$ts directly or indirectlyelated to preservation. He then
applies this general cost model to four categories of diggsdurceqHendley 1998) Other attempts to
identify cost elements associated twidigital preservation includ€Russell & Weinbeger, 2000), who

organize cost el ements according to the chronol

However,a number of factors tend to make it difficult to analyse ¢bsts of digital preservation. These
factorshave been referred to ascertaintis by (Lavoie,2003. He states thatincertainty arises from the
very reason for digital preservation ite constantly evolving technological environment in which digital
materials exist. This creates an epegsent risk that archived digital objects W | be fAorphan

hardware and/or software needed to store, render, or utilize them becomes obsolete or unavailable. The
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horizon within which technological obsolescence becomes a concern can be uncomfortably short, or e
surprisingly long.lt is difficult to anticipate, a priori, the future demise of current hardware and software
environments, and therefore, difficult to forecast the timing, frequency, complexity, and ultimately, the co

of intervention to stave off obsolescence.

A second surce of uncertainty that Lavoie states asssociated with estimating the costs of digital
preservation is that these costs are a function of many variables, including, but not limited to, the period
archi val retention (tenrprdarndsyolne Bitrndrnege yea
and digital media; the level of access; the objectives of preservation; preservation strategies (migratic
emulation?); type and variety of digital formats; richness of metadata description; amthative mix of
labourintensive and automated processes. Accurate cost estimates must be predicated on a reasor
specific description of the preservation processes involved. This in turn suggests that there is little scope

generalize these estimat@ger heterogeneouBgital preservation activitied. &voie, 2003)

Despite all the above uncertaintiéserehas been progress in addressing some of the unciexsaiating
digital preservation. Thdevelopment of the OAIS reference model, which is ctityean ISOstandard has
addressed aull range of archival information preservation functions including ingeshival storage, data
managementaccess and dissemination. The OAIS models provides a framework to be used in developing
broader consensusn what is required for an archive to provide permanent or indefinite long term,

presrvation of digital information (CCSDS, 2002).

This research will seek to use the Open Archival Information System (@418 frame work which cahe
used indeterminingthe costfactors bydecomposing the functional modahd identifying possible cost

factors that organisations should be aware digjital preservation

1.3.THE PURPOSE OF THE STUDY

The statement of the problem strives to show the importance of cdgjital preservation(ERPANET,

2003 states that cost is one of the main criteria for people responsible for digital preservation when it come
to funding sustainable preservation infrastructarel related activities and hence there is a need for
underganding the scope. Thpurpose of this research is to determthe cost factors using the OAIS

referencanodel as a framework. Thi&hall be investigated throughet following research question;

What are the cost factors that can be iddéi@d from deconposing thefunctional model of the OAIS
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1.4. AIM AND OBJECTIVES

The aim of this research is to use the OAIS functiomadlelin identifying the cost factors that organisations
need to be awaref in preserving digital records. The cost factors wikilele organisatiasto budget for the

preservation of digital records.

OBJECTIVES

1. Toestablish how organisations identify cost factors for digital preservation.
2. Tofind out howorganisations allocate resources towdhgslongterm management of dtgl records.

3. To establishhow the OAIS functional model nabe used when determining cost factorsdigital

preservation

1.5 SCOPEOF THE RESEARCH.

The OAIS reference has got a functional model and an information model for long term presemation.
addition to the two models, they briefly introduce some preservation strategies and interoperability amo
OAIS archives. However, thigesearchis concerned wittdetermining cosfactors in preservingligital

records using the functionalodelof the OAIS.

The scope of this thesis is restrictedhe representativgroupsof professionals in Norway which include
the EDOK (part of theNorwegiancomputer society)\Verdiskapernginformation management network)
and the LongRec project in Norwallost of tre members of the EDOK anderdiskaperneare also

members of the LongRgmroject The above groupsere used toacquire information on cost factors in

digital preservatiomlue to time limit and lack of enough resources for multiple case studies.

Accordingto the(Testbed pitale Bewaring2005),it is often difficult to specify the demarcations between

the actual use of the records, their local storage, local preservation, archiving, and long term preservati
The concept of t he dsrdeatlysuitddsdo useatnhtii sn ucuomét, e xwth,i &ceha n
consistent and coherent regime of management processes from the time of the creation of records, throug

the preservatioand use of records as archiies

Thefocus of the researaliasbased on th@verall management of the digitabjectsto ensure that they can
be accesseds long as they are requirdd.other words, the aim of identifying the cost factors is to ensure
that the digitalobjectscreated or received ian organisation cafe managedn such a manner that can

ensure long term survivability and that their security can be guaranteed
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1.6. THE INTENDED AUDIENCE

The intended audience for the study therefore encompasses all individuals and organisations who have a
in the aeation and pservation of digital resourcefspm the funding agencies, researchers, through to the
organisations which may assume responsibility for their-teng preservation and usi&lthough itis not a
technicalreport itwill assume a basic undganding of the nature of digitabjectsand an overall awareness

of the issues relating to their lotgrm preservation.

1.7. SIGNIFICANCE OF THE RESEARCH

1 The outcomeof thethesis shall infornmorganisatios what cost facbrs they need to be aware of in
long term sustaiability of digital information. This gives them an opportunity to budget for the
preservatiorof digital information

1 Thisthesis shaltontribute to already existing reseamrhthe use oOAIS model as a framework for
determiningcost faictorsin preserving digital records.

M It will act as a source akference fothose who want to do further research on the same area

1.8. DISPOSITION OF THE THESIS

This research shall consist of six chaptess shown in the figure belowChapterone contains an
introduction to the research arestatement of the problem, the research purpose, the aims and objective:
the scope of the research, the intended audience andcsigod of the research. Thhaptertwo presents

the literature review followetdy the methodology used in this thesis in chapter three. The fourth chaptel
shall focus on th@resentation and analysi$ data gathereffom interviews and gestionnaires. Chapter
five focuses on the cost modélinally, chapter six present summary fostudy findings, conclusions and

recommendations for further research.

THESIS STRUCTURE

[ Introduction ]
[ Literature Review ]
[ Methodology ]
[ PopL;Iation ] [ Interviews, onlilne questionnaires ]
[ Data collection and analysis ]
[ Cost Model ]
[ Conclusion ]
[ Further Research ]
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2.0. LITERATURE REVIEW

2.1.INTRODUCTION

This chapterdiscusses theelevant theories needed to find answershe research questianThe review
focuses on literature addressingost factorshidden in theOpen Archival Information System (OAIS)
functionalmodel entities as a framework. Thiteraturereviewwill shedlight on the variougost factorsn

the six functional entities dhe OAIS model

2.2 BACKGROUND ON COST FACTORS IN DIGITAL PRESERVATION

(WoodyardRobinson,2006) argues that alculating the cost of digital preservation is a cterpask, but
perhaps even moehallenging is assessing the value of this work and sectimenfyinding to perform itde
points out that &y decision makers must be convinced that the value of the digital assets is equal to
greater than the cost of the services to maintain them in order to establish economically sustaina
processes and bugiss modelsFew organisationsare willing to pay for a preservation initiative without
knowing how much it costs and how the costs are distributed. Hence, costs are a necessity, if not sufficie
component oé viable sustainability plan (Lorraine, AmyR&ger,2008)

(Lavoie, 2004) describes economic sustainability as the ability to marshal sufficient resources, on a
ongoing basis, to meet preservation objectivés. points out thathiere are many avenues by which
sustainability can be achievethe firg one isan institutional commitment to budget a continuous supply of
funds to suppu digital preservationThesefunds might be used to extend a pilot project originally funded
through seed moneydm a gramngiving organization. Another avenue he poimst is that dital
preservation activities might also be salfstaining, generating revenues as gpitoduct of dayto-day
operations. In these circumstances, economic sustainability might be defined in terms of cost recovery, «

minimum level of protability.

(Lavoie, 2004) further points out thatrategies for attaining economic sustainability must be built on a
sound empiricafooting. Consequently much more data on the costs of digital preservation is needed.
Digital preservation is still in & infancy, and much of the available data is Hgakewed toward upfront
costs; reformatting setting up the digital repository, ingestion of materials, etc. As projects mature,
empirical descriptions of digital preservation's complete cost trajectdhyemierge. This data must be
consolidated and synthesized to produce reasonable benchmark estimates of the cost requirements asso

with various forms of digital preservatighavoie, 2004).
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Using an established model as a basis for determpri@geration costs caie helpful but one has to be
aware of significant differences in collections and material types, organisation mission and the services tf
provide as all these aspects of an organisation can have significant effects on theiflugsta&s further
emphasizé by (Ashley,2000) whop oi nt e dDioguitt ailn A chi ve Co sthhasthe F a
primary factor influencing the magnitude of preservation costs is not the quantity of objects preserve

Rather, it is the range of service$enéd by the archival provider.

(WoodyardRobinson,2006) suggestdhat, a standard approach to determining costs is to break down the
digital life cycle into processes based on workflow or a systemiefrguch as the OAIS referencedel.

Each stage or poess, called a costent,is then evaluated for likely cost sourcése points out that imay

be helpful to use the OAIS reference model as a guide to enhance and inform the future of the long te
digital life cycle. The OAIS discusses many proceskas will be needed for long term preservation that

may not yet be fully implemented within an organisation

2.3 DEFINITIONS OF TERMS
Digital preservation
According to(Jones &Beagrie 2002 digital preservatiomas been defined as:

All the activitiesemployed to ensure continued access to digital resources which have
retained properties of authenticity, integrity afhctionality. Theterm "archiving” can be

substituted for preservation provided this definition remains

According to (@&dar, 2002

Digital Preservation is defined ashe managed activities necessary for ensuring the-long
term maintenance and continued accessibility of digital materials and it involves the long

term maintenance of a byte stream and continued accessibility to itsitsonte
According to the American Library Association (AL&007)

Digital preservation combines policies, strategies and actions to ensure access to reformatte
and born digital content regardless of the challenges of media failure and technological
change. Te goal of digital preservation is the accurate rendering of authenticated content

over time."

Throughout the thesis the term digital preservation will be used according to the following definition:
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The series of actions, processes and / or interventi@aglired to ensure continued and reliable
access to authentic digital objects for as long as they are deemed of value. This encompasses not
technical activities but also all of the strategic and organisational considerations that relate to the

survival and management of digital materials.
Cost
According to (Ruiz, 2003)

Costis the economic effort (the payment of salaries, the purchase of materials, the manufacture of
product, securing funds for financing the management of the companythatcmist be done to

achieve an operational objective
Accordingto (InvestorDictionary,2009),

Cost is something of value, usually an amount of money, given up in exchange for something el
usually goods or services. All expenses are costs, but not allavesexpenses. (An expense is the
cost of resources used to produce revenue.) As a verb, cost means to estimate the amount of me

needed to produce a product or perform a service.
Accordng to the (Business Dictionarg2009,

Cost is defined as, valuat in terms of money of (1) effort, (2) material, (3) resources, (4) time and
utilities consumed, (5) risks incurred, and (6) opportunity forgone in production and delivery of a
good or service. All expenses are costs, but not all costs (such as thasedmewacquisition of an

incomegenerating asset) are expenses.

We shall use the term cost to refer to thefinition given by the business dictionary since it is more

comprehensive and covers all aspects that can be consideredfastoostin any sefu

24. THE OAIS MODEL

Beedham et a(2004)discuss the history of the OAl8ferencanodel. Theystate that it wafirst developed
by the Consultative Committee for Space Data Systems (CCSDS).The CG@&BS:stablished in 1982 to
provide an internaticad forum for space agencies interested in the collaborative development of standarc

for data handling in support of space research. In 1990 the CCSDS entered irdpegiative agreement

! http:/Mmww.ji sc.ac.uk/uploaded_documents/oaismets.pdf
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with Subcommittee 13 (Space data and information transfer systnthe Technical Committee 20
(Aircraft and space vehicles) of the ISO. At the request of the 1ISO, the CCSDS assumed the task of
ordinating the development of archive standards for thetiermg storage of archival data in 1995. Although
the CCSDS wasnitially to address the problems of archiving data obtained from observations of the
terrestrial and space environments and used in conjunction with space missions, it soon took an intention
interdisciplinary view and ensured broad participation indiseussion of a reference model for the long
term storage requirements of this digital information. The very first draft of the digital archive madel wa
released after a year of workhedraft was then discussed by international and natwogting graips and

at workshopsresulting in the publication of the first version of the OAIS model in 1999 and its update in
2001.

They further state that, developmefitthe reference model began with the premise that one of the greates
challenges in acceptinggservation responsibility within an organisation is finding a shared vocabulary for
stakeholders with a variety of backgrounds to use for productive discussion of the issues. Thus, the mc
was first developed to establish common terms and conceptspuiolgra framework for elucidating the

significant entities and relationships among entities in an archive environment, and to serve as t

foundation for the development of standards sujopg the archive environment.

A broader task for the OAIS develmgnt has been defined as articulating the functionality and components
of any system responsible for preserving any type of information over any length of time. The terminoloc
used to describe the OAIS apfien not the traditional archival or recordkeepiterminology since it is
intended as a common language within which a diversity of communities can continue to implement a
develop the OAIS model. The model has been very ssitdeis one of its main goalt® spur further
interest and discussion ofgitial preservation and archiving issues and standards. The 2002 CCSDS versic
of the OAIS refeence modelvas proposed and was accepted as an international standard in 2003: IS
14721:20030pen archival informion systenReference modgBeedham et aR004).

THE PURPOSE OF THE OAIS MODEL

The OAISreference modéladdresses a full range of archival information preservation functions including
ingestarchival storage, data management, access, and dissemination. It also addresses the migratio
digital information to new media and forms, the data models used to represent the information, the role

software in information preservation, and the exchange of digital information among archives. It identifie

% http://public.ccsds.org/publications/archive/650x0b1.pdf
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both internal and external interfaces to the asehunctions, and it identifies a number of highel
services at these interfaces. It provides various illustrative examples and some "best practic
recommendations. It defines a minimal set of responsibilities for an archive to be called an OAi&|sand i
defines a maximal archive to provide a broad set of useful termsoacdpts (CCSDS002).

This reference mod¢CCSDS, 2002)

1 Provides a framework for the understanding and increased awarehesshival concepts needed
for long erm digital inbrmation preservation and access;

1 Provides the concepts needed by -aochival organizations to be effective participants in the
preservation process;

1 Provides a framework, including terminology and concepts, for describing and comparing
architectures anaperations of existing and future archives;

1 Provides a framework for describing and comparing different long term preservation strategies an
techniques;

1 Provides a basis for comparing the data models of digital information preserved by archives and fc
discussing how data models and the underlying information may change over time;

1 Provides a foundation that may be expanded by other efforts to covetelomgoreservation of
information that is NOT in digital form (e.g., physical media and physical samples)

1 Expands consensus on the elements and processes faetondigital information preservation and
access, and promotes a larger market which vendors can support;

1 Guides the identification and production of OA&ated standards.

This model is applicabl to organizations with the responsibility of making infororatavailable for the
long term this includes organizations with other responsibilities such as processing and distribution
response to programmatic needs. Also those organisations and uatbweho create information that may
need long term preservation and those that may need to acquirganguchation from such archives
(CCSDS,2002).

2.5 THE OAIS FUNCTIONAL MODEL

The OAIS functional model hasx function modiles.Ingest, Data Managemen, Archival Storage and
Access providing operations for receiving, storing and retrieving dabm the other side we have
Preservation Planningand Administration to manage the preservation system and preserved Tdaa.
following discussion of the six fuions shall be related to costigure 4 gives a clegicture of the six

function modules of the OAIS.
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Figure3: The OAIS Functional modelis divided into six entities fiere shown inblue). CCSDS (2002)

2.51. INGESTENTITY

This entity provides the services and functions to accept Submission InfornPatekages (SIPs) from
Producers (or from internal elements under Administration control) and prepare the contents for storage :
managenent within the archive. Inge$tinctionsinclude receiving SIPs, performing quality assurance on
SI Ps, Ar chi

anddocumentatiorstandardsextractingDescriptive Information from the AIPs for inclusiontime archive

generating an v al I nformati on Packac

database, and coordinating updates to Amdlstorage and Data ManagemedCSDS,2002).

According to (Rusaalep2003) the ingest of data resources into an archive starting from negotiating the
submission to storing the verified and documdntsairce for longterm preservatiomust be well defined,
transparent and documented. The ingest process must be efficient and smooth, yet discriminating to re
any data and documentation that is not fit for lbegn preservationTherefore, adigital archive must
ensure that the quality of digital resources it ingests for preservation is sufficient for them to be retained o
long term and that access to them can be maintained.

Figure 5gives a summary of the cdfsictors that will be discussed umdee Ingest as a part of the OAIS

functional model
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THE COSTS FACTORS IN THE INGEST

Ingest
1 1
[ Receive ] [Quality assuranﬂ Generate AIP
submission descripive

[Quality assurancﬂ [ File format ] [ Documentation] [Metadata cost]
costs conversion costs costs

Creation costs

Coss of promoting good
practices
Costs of correcting
mistakes
Selection costt
develobment cos|
Clean up costs

(— . .
Evaluation cost

| N —

.. .
Network costs

| —

Negotiation
stibmission

2.5.1.1 RECEIVE SUBMISSIONUNCTION

The Receive Submissiofunction provides the appropriate storage capability or devices to rec&ie a
from the Producer (or from Administration). Digital SIPs may be delivered via electronic transfer (e.g
FTP), loaded from media submitted to the archive, or simpdynted (e.g., CBROM) on the archive file
system for access. Natigital SIPs would likelybe delivered by conventional shipping procedures. The
Receive Submission function may represent allagnsfer of custody for the contenfarmationwithin the

SIP, and may require that special access controls be placed on the contents. This funaiti@s pr
confirmation of receipof a SIP to the Producer, which may includeequest to resubmd SIP in the case

of errors resulting from the SBubmissionCCSDS,2002).

2.5.1.1 .1CREATION COSTS
Even though, the creation dfigital objectsis not directly related to the OAIS model, i of worth
mentioning that organisations need to be informed of the creation costs in digital preseDetisimns

made when a digital resource is created will have a significant impact on the options subseagagaliye
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for its future management, use and preservation. They will also significantly affect the cost of those optior
Some organisations involved in preservation are able to exert considerable control over the creation proc
while others have litd orno influence (ERPANET, 2003)indicates that withinan organisation it is more
possible tonfluence creation of documentgormation objects than from outside tbeganisation. This is
because qlicies, standards and procedures can help their creatt managemen©On the other hand if

thereis lessinfluence on the creation of digitedcords itmeans mostly higher costs incurred.

(Granger 2000 states thafor digital materials the link between creation and preservation is much more
importantbecausalecisions about the way a digital object areated influencehow (or indeed whether) it

can be preserved. Likewise, decisions taken at the time of preservation can impact on how (or inde
whether) the material can be accessetdhe future. The e f or e t he ficost svith the f [
credion of the digital object For example open fileformats are always fulldocumented anthere is no
licence or licence fee required and the users can freely modify the format structure camparpdetary
formats which are not public and in most cases modification is not allowed. Thereigreecessary to

understand the costs involved in handling the various digital objects during creation.

(Hendley,1998 points out that for the data centagchive or library, the cost of promoting good practice to
depositors in order to save money at the management and preservation stages can be expected to modi
cost associated with correcting mistakes and bad practiceddmtion of best practicekiring creation can

help simplify the task of preserving and managing the digital resources amdaylsad to reduction in

costs.

Hendleyfurther points out that,rganisations therefore cannot ignore the creation stage evea dutside
their corrol. They face two major cost areas relating to the creation stage.

1 The cost of promoting good practice to depositors. This cdndegosting guidance notes orlv
pages, running courses for defined user groups, educating funding bodies, and inogrporati
guidance notes in funding literatur@he costs will vary depending on the type of data
centre/archive/library and the clientele they serAk.data centres should invest at least some
resources in this preventative measure.

1 The cost of correcting miskes and examples of bad practice at the creation $tagech is spent
in promoting good practices then less will be spent in correctingigtakes

In addition to these two, theigalso the ostof supporting rare file formats.
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2.5.1.1.2SELECTIONSCOSTS

When the SIRs received from the producer or administrator, there has to be a selection of digital. object:
According to (Cedar, 2002 the collection management policy is an important tool for defining what
materials are of longerm interest tahe collection. As such it will need to specify what exactly will be
preserved if a digital object is to be retaine
preserve? Such decisions will influence the level and method of accesslkiat mecessary for the object

as well as the level of preservation metadata required forteongretentionCedar continues to argue that,

for digital materialsvalue judgements made by the archivist and/or collection manager will determine wha
level of functionality needs to be retaingd cases where they may not have the necessary background to d
the judgement the top level management may have to be invdlkiedcedars project has coined the term
Asignificant propert intsf@ digital objeet deemed heeessar forstekengm o mg
preservation. Determining the significant properties of a digital object (i.e. the acceptable level ¢
functionality) wild.l dictate the amount calonfetadata)f o |

that must be stored alongside the byte stream to ensure the object remains intelligible

(Hendley 1998)offers thefollowing two practical ways of limiting these costs:
1 Define a basic standard, wheraluable resources which fall below tretndard are brought up
to that standard but not taken beyond it.
i Stipulate that digital resources which do not meet a minimum standard in areas such a
documentation will be rejected. Both the promotional (best practice) and the corrective (clean

up) coss relate directly and indirectly to preservation.

Selection is very important in the receive submission asmaeghacquired dateesource means a new leng
term responsibility Hence, assessing the future costs associated with each new submission {beyond

ingest operation tima} part of efficient collectiomanagement.

2.5.1.1.3EVALUATION COSTS

(Hendley, 1998) points out thdte costs associated wighraluating digital resourceassessing them against

a series of tehnical and practical criterigelate directly to preservatiohle further state that, the cost level
involved will depend on the size and complexity of the digital resource and how well documented it i
These costs tenih vary depending on the level stability of the organisationf-or exampleorganisatios
which are stable have automated the evaluation system while others use the staff to do the evalua

manually which tenglto increase the costs.
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2.5.1.1.ANETWORK COSTS.

Archival repositories that receive large numbers of digiabrds from divese locations may require a
high-speed connection or a flexible connection capable of accommodating viemaasyNational Archief,
2005H. The costs of acquiring a good network system that ensures successful submission of SIPs and
that is able to detect errors resulting from the SIP submissive to be taken into consideration as part of
the costs in the ingest

According to the OAISmodel (CCSDS, 2002) the Network servicesprovide the capabilities and
mechanisms to support difiuted applications requiring data access and applications interoperability in
heterogeneous, networked environments. These services include the following:

1 Data communication includes API and protocol specifications for reliable, transparento-emd
data transmission across communications networks.

Transparent file access to available files located anywhere in a heterogeneous network.
Personal/micro computer support for interoperability with systems based on other operating
systems, particularly micremputer operating systems, which may not be formally specified in a
national or international standard.

1 Remote Procedure Call services include specifications for extending the local procedure call to
distributed environment.

1 Network security services ilucle access, authentication, confidentiality, integrity, and -non
repudiation controls and management of communications between senders and receivers
information in a networkCCSDS,2002)

A good network system should be able to provide albth®ve sevices. This means that the costsagood
network system shoulch¢lude access, authentication, confidentiality, integrity control and management o
communication between the sender and the receivers of information in a n€fwsrknay vary in most
cags for example in organisati®where already an Ifietworkexists there might be no real costs directly
related to long term preservation. However, in cases where itdbexist, it may involve sharing costs
with other departmenis anorganisation

2.5.1.2. THE QUALITY ASSURANCEJUNCTION

The Quality Assurance function validates (QA results) the successful transfer of thett@iBtagingarea.

For digital submissions, these mechanisms might include Cyclic Redundancy Checks (CRCs) or checkst
assocated with each data file, or the usesgdtemlog files to record and identify any file trsfier or media
read/write errors( CCSDS, 2002)
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(Warren 2003 in his bookH a ¢ k e glightdefiies he cydic redundancy check, or CRC, agechnique

for detecthg errors in digital data, but not for making corrections when errors are detected. It is use
primarily in data transmission. In the CRC method, a certain number of check bits, often called a checkst
are appended to the message being transmitted. Thwae can determine whether or not the check bits
agree with the data, to ascertain with a certain degree of probability whether or not an error occurred
transmission. | f an error occurred, the r etleei v
sender, requesting that the message be retransniittede arebasically computationatostsin quality

assurance

(Rusaalepp2003) states that leecking the conformity of the data resource to its model described in the
accompanying documentatisev es from t he Service Provideros |
control. The Archive must ensure that#@nprovide the service it claims to, with the da¢égource that has
been submitted. Thus, the archives usually carry out a number of cleeakscover any problems,
anomalies and potential difficulties with the files and data they have been Hiduarther states thateh
consistency check is also important for reducing risks of introducing errors through conversion ar
processing when creag the preservation and dissemination versions of therelsoarce.

QUALITY ASSURANCE COSTS

Data integrity services ensutieat data is not altered or destroyed in an unauthonzther, liis service
applies to data in permanent data stores anditimird communications messagéSCSDS,2002) (Dollar
Consultant,2002) states thathese integrity check verifications are likely to be labour intensive and
cumbersome if they are manually performed, and in practice, are unworkable if thousands of aftegkity
verifications are undertaken. Automation of these procedures could substantially reduce the requirement
human involvement and make them maverkable This means that the costs might be higher if it is
manuallydone, however if the services arg@nated it may be less costly.

2.5.1.3. THEGENERATE AIFFUNCTION
The Generate AlRunction transforms one or mog&Psinto one or mordIPst h a t conform to

data formatting and documentation standafdigs may involve file format conversis, data representation
conversions or reorganization of the content information in the SIPs. The Generate AIP function may iss
report request® Data Management to obtai@portsof information needed by the Generate AIP function to
produce the Descrive Information that completes the AIP. This function se8tis or AIPs for audito

the Audit Submission function in Administration, and receives baaudit reporf CCSDS, 2002)
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2.5.1.3.1.FILE FORMAT CONVERSION COSTS
The growing complexity of diggl objects has led to the increase in file formats for example text files, audio
files, video files etc. The challenge is how to handle the various file formats in imfocmation is coded

This is because different file formats have different requirgsi@ terms of long term preservation.

(Mestl et al., 2007) state thaffile format specifies a bit stream that is read/ written from/to a non volatile
storage medium, without the exact knowledge of the stream of Os and 1s files cannot be intempeetdd co
and the data content in files can in the worst case be useless. The file format must be seen as a we
decrypting the content of a fil&hey state thatdrmats can be distinguished between two different groups,
proprietary and open formatghich they describe below
1 Proprietary formats is where some companies or organisations owns the file specifications and c
not want to make them public. The format code is usually not available to the end user an
restrictions for using and modifying any pragtary file format may apply.
1 Open formatr non proprietary arealways fully documented; no licence or licence fees required
and the user can freely modify the format structure
According to IANA®, there are thousands of different file formats, whichehagen categorized into eight
main groupsand broken down into subcategories. The information on file formats will enable an
organisation to make decisioagardingpreservation of the digital object. This is because complex objects
or compound objects ceisting of different types of formats may also have dynamic behaviours and the

complexity of the digital objects entails more maintenance which means more costs.

Open file formats are preferred for long term preservatiamiany of the records createdreceivedn the
organisation may not offer any choices in regard to storing a file in different formats where as others m
allow it .Also different file formats do not only store the data in different bit stream but may actually no
allow storing allthe desired information. Thefere in preparing tb digital records for ingestigrthe
organisation should consider how the stored information shall be used in the future for example if its rea
necessary to have all the functionality encoded in the e thformat shall be chosen that encodes for that

, Where as if only viewing some presentation encoding will be suitable endhghcost of file format
conversion will depend on theelected file formatOne recommendation that is agreed upmn (NLA,

202) &Kenney,2000)is the use of a standard format that is-pooprietary aghesekinds of formats are
more likely to have areservation path in the future and software needed to read files.

3 IANA( Internet Assigned Names Authorityfp://www.iana.org/assignments/medidypes/
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Use of file formats which have been well documented, widepread in usehave undergone thorough
testing and are neproprietary and usable on different hardware and software platforms minimises the
frequency of migration and reduces the risk and costheair preservatior(Maggie & Beagrie,2002).
Narrowing therange of file formats handled streamlines the management process atesrprhservation
costs andalso reducethe ongoing cost of software licences required by the institfiones &Beagrie,
2001). This applies even if free open source softwareing lused, since most studies show that there is still

an associated total cost of ownership and more applications will always cost more to support and maintair

The complexity of the material submitted and number of objects acquired generally has namteamp
costs than the total storage size. The type and variety of formats accepted into the yepitisitigo affect

cost, for example proprietary formats are likely to be more difficult and expensive to manage in the lon
term. It may be possible todece costs by limiting the formats the repository will accept, or transforming
material into a standard konon format. This can be done iBdudng the number of file types and possibly

reducing the storage size

2.5.1.3.2. DOCUMENTATION COST

According to (Hendley, 1998 data documentation refers to th
structure, content, provenance and history have been documidetsthtes that thiérst task in the ingest
stage involves checking the documentation supplied wiith digital resource, editing it or adding to it, if
required, and then managing the documentation and ensuring that it conforms to the documentat
standards. The costs may increase if for instance the documentation is provided in papeviforeguire

a digitization of it (which will include the cost of time, manual costs, and hardware and software costs f

digitization).

Howeve, (Herdley, 1998) points out that if centres put more resources pnbonotinggood practice to
depositors this will béer the documentation and herdogver the costs associated with reading, amending
and managing the documentation. Even when a complete set of documentation is provided, the resou
required to study the documentation is significaspecially when it ha® be done manuallyhen the
documentation is poor then clearly the costs increase dramatically as the centre has to test thigjetipital

and producer requesadditional documentation

The costs associated with reading, editing and managing thendatation for a digital objeao relate
directly or at least indirectly to preservatioNithout documentation it might be difficutt know whether a
digital object canbe preserved and to determine the preferred preservation strategy for that resour
(Hendley,1998.
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2.5.1.4. GENERATE DESCRIPTIVE INFORMATIGNUNCTION
The Generate Descriptive Informatidanction extracts Descriptive Information from tAéPs and other

sourcesas a basis fobata Management. This includes metadata to support searaidngetaieving AIPs
(e.g., who, what, when, where, why), and could also include special browse products (thumbrgaks), ima
to be used by Finding Aid€CSDS 2002.

METADATA COSTS

(Day, 2002, points out thatsince the mid1990s there has been a growiagareness of the part that
metadata can play in supporting the ldagn geservation of digital objects and th@aeservation function

has been integrated smme definitions of metadat@Cunningham2000 defines metadata as "structured
information thatdescribes and/or allows us to find, manage, control, understand or preserve oth
i nf or mat i o (Calanage Tabata &ugenotg 200]) havecommented that extensive metadata is

the best way of minimizing the risks of a digital object becormagcessible.

Metadaté is fundamental to preserving digital resources. Without quality metadata there is little or no valu
in preserving the resource. Preservation metadata includes a number of different types of metad:
administrative (used in managing anfation resources including rights and permissions), technical
(describing hardware and software needed to maintain an information object) structural (identifying tf
relationships between objects such as part of, dependent upon that form intelleities), emtd provenance
(metadata documenting the history of the object and any actions taken to maintain and provide access).
time and human levaidf-effort involved in creating and maintaining preservation metadata is significant and
carries a high i (Irwin, Gewirtz,Glick, Novak& Pilette,2006).

The more the descriptive information the higher the cost and this should be linked with the value of tl
records (Crystal & Land 2003 in their paper on metadata and search they found out that theatesiof

the large scale metadata creation made it evident how important the pro@@sarise, 2003) observed that

his company typically charges from $195,000 to $275,000 to initially set up a metadata solution for
corporation (which will then face atinal ongoing costs)Figure 4 belowjllustrates the difference in
terms of metadataosts.The diagram illustrates what it will cost a company on average per employee for
file searching, verification, organization and backup as compared to hiringwdtaaho do the initial setup

of the metadata.

* http://www.library.yale.edu/iac/DPC/DigitalPreservationCost@&sFinall.pdf
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The I nvest ment é

‘ Avg. annual cost per employee for file searching , verification , organization and backup : $8,200* ‘
International Tobacco Company $100k annual cost per employee
40,000 employees 20,000 employees searching
X $8,200 = 1.0 hours per day
$328 Million per year = $50 hour x 20k = $1 Million
per day
Internet Software Company $120k annual cost per employee
4,000 employees 2,000 employees per day
X $8,200 = 2.0 hours per day
$32.8 Million per year = $60 hour x2x2k = $240,000 per day

Costs to build and implement average initial meta data solution:
A Consultant: 12 weeks: $150,000 ($2,500 per day, per person)
A Software: $0 - $85,000 (depending on usage)

A Employee(s): 12 weeks, 50% FTE, 3 people, $45,000
ATotal initial investment: $195,000 - $275,000
b' *Source: GISTICS; SBI analysis
s I SBI and Company
& Proprietary and Confidential P3

Figure 4: The difference in metadata costDoanne (2003.
(http://dublincore.org/groups/corporate/Seattle/)

However,(Crystal & Land, 2003) point otithat these enormous costs have tempted many organizations tc
consider bypassing a central cataloguing operation in favour of resource authors creating metadata direct
But resource authors often create metadata records of poor quality, includingpietmr inaccurate

information. It then falls on information specialists to identify and repair these "broken" records. The fixin

of these mistakes can be very costly.

Development of appropriate representation information or detailed technical methdatd also be
represented in the preservation metadata and will require specific technical expertise. Metadata costs

also need to accommodate the gathering of rights managerfeentation Grangey2000.

(Doanneg 2003) states thattiis important to mention that the return onvestment on metadata can be
achievedand any improvement in the ability to find content reduces the overall cost to individuals,
workgroups and the enterprise. He further states that using metadata in an intranet envitormeduce

employee time spent finding and veiify files maysave, at a conservativestimate, $8,200 per employee.

Master thesidnternational Master in Digital Library Learn2@09 Page33



2.5.2. ARCHIVAL STORAGE ENTITY

(Lavoie,2004)gives a detailed description tife archival storage entity #se portion of the archial system

that manages the lofigrm storage and maintenance of digital materials entrusted to the OAIS. More
specifically, the Archival Storage function is responsible for ensuring that archived content resides
appropriate forms of storageg, online, neatline, off-line and that the bit streams comprising the preserved
information remain complete arrénder ableover the longterm. To meet this responsibility, Archival
Storage periodically undertakes procedures such as media refreshment or fograibmi He further
states thathte Archival Storage function also implements various safeguard mechanisms, such-as err
checking procedures, to evaluate the outcome of preservation processes, as well as disaster recovery po

to mitigate the effect® f catastrophic events. Finally, Ar ct

storage systems in suppoftazcess requests by Consumers.
COST FACTORS IN ARCHIVAL STORAGE

Archival storage

Thereceive | [ The manage\ The replace (" Error checkin@ (Disaster recove)
media storage media
S ) L hierarchy ) S ) L )
(Storage media) (Monitoring cost) Migration costs (‘Validation costs] [ Backup costs )
costs
- AN J - RN J
Replication
Refreshment
SRR
Repackaging
— | Transformation
_
Emulation costs

Figureb: cost factors identified in archival storage of the OAIS functional model

2.5.2.1. RECEIVE DATA-UNCTION
The receive datdunction receives a storage request and an AIP from Ingest and movesiRh&o

permanent storage within the archive. The transfer request may need to indicate the anticipated frequenc
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utilization of the data objects comprising the AIP in order to atlesvappropriate storage devices or media
to be selected for storing the AIP. This function will select the mediauypelly discs and tapeprepare

the devices or volumes, and perform the physical transfer to the Archival Storage volumes. Upc
completon of the transfer, this function sends a storage confirmation message to Ingest, including t
storage identification of the AIRECSDS 2002.

2.5.2.1.1. STORAGE MEDIA COSTS

(Brown, 2003 provides generadviceon issues which should be consideredh®s creators and managers

of digital records when selecting physical storage media for-termy preservationHe pointsout that
Serverbased hard disk storage is the me#ective and secure storage regime for electronic records,
provided it is well maaged and includes an effective bagk strategy.He further states thang physical
storage medium is, by definition, completely dependent upon very specific combinationsvereaand
software for access andet accessibility of information stored eanch media is therefore highly vulnerable
in todayds rapidly evolving technological envi |
onto new media is inescapable for the foreseeable future. Nevertheless, careful selection of appropr
media can maximise the periods between refreshment cycles and simplify the refreshment process,

addition to providing the securest storage environment possible.

The scoreard approach described here(Bgrnett,1997) provides a simple method for evalingt currently
available media against the selection criteria. Each medium should be scored against the criteria on a s
of 1 (does not meet the criterion) to 3 (fully meets the criterion). As a general rule, no medium which scor
less than 12 should lm®nsidered

3.50
Media CD-R DVD-R Zip Disk Magnetic DLT DAT
Disk
Longevity 3 3 1 1 2 1
Capacity 2 2 1 1 3 3
Viability 2 2 1 1 3 3
Obsolescence 3 2 2 3 2 2
Cost 3 2 1 1 3 3
Susceptibility 3 3 1 1 3 2
Total 16 14 7 8 16 14

Figure6: An example scorecard, comparing some common media types

(Beagrie Chruszcz &Lavoie, 2008 in their research ofiKeeping Data Bseach Safeo they point out that

storage media will be selectazh the basis of service requirements e.g. data volumes, required speed c
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access, or archival ppertiesand cost. The selection of storage media will influence the frequency of future
storage media migration and staff and equipment needed for thisTtaesk.further point out thatf is
important to remember that the total cost of ownership of archive storage media and systems is substant
higher than the purchase cost alone.

Organisations will incur costs in acquiring the storage media that wilisee in digitalpreservation.
(National Archief 2005 states that @preciable costs can be incurred in the purehafsstoragemedia
(tapes, CDs, DVDsand that organisations have to make sure an adequate amount is budgeted for effect
storage and lekup media.The storage options are impacted by the resources available, by the volume c

data to be stored and by how it will be used and preserved.

The cost of file storage will include: maintenance and purchase of hardveaserringor refreshing ifes
from generation to generation of storage media; and scheduled testingatiliiyeto use the intellectual
content ofthe digital object. Tis will vary according to changes the technology marketpta, and on

current expectations is likely to deasan relative terms, over timg&edar 2002)

2.5.2.2. MANAGEMENT OF STORAGE HIERARCHY
The management of data within the archive needs to take account of storage managdimes,

operational statistics, or directions from the Ingest sta@est wil be affected by any special levels of
service, or ay special security protection measures that are required. These includmenofi-line or
nearline storage, required throughput rate, maximum allowed bit error rate, or special handling or backu
procedures. Monitoring is needed to ensure that no corruption of data occurs during tr&ftsferger.the

size and complexity of the archive will impact both the necessity and the cost of providing operation
statistics summarizing the inventory of dne orrthand, available storage capacity in the various tiers of the
storagehierarchy, and usage statisti@egagrie Chruszcz &avoie 2008§.

2.5.2.2.1MONITORING COSTS

All storage media need to be monitored for signs of data loss. The sample anddyegiile which this is
done will influence costs. This will be a more significant cost for storage media requiring manua
intervention and inspectiocompared to automated systef@edgrie et al.2008). The costs may include the
time and the manpower reged in case monitoring is domaanually, however ifit is automated the

hardware and software costs may be significant.

2.5.2.3. THE REPLACE MEDIA (MEDIA REPLACEMENHYNCTION
(Chen 2001) states thatigital preservation is plagued by the short medie, Iobsolete hardware and
software, ad slow read times of old med&nd therapid technological advances do not solve the problem;
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instead,there isneed to migrate digital objecfsom one generationf technologyto another every few
years.He points otithat fordigital records, the preservation issues extexybbd media life considerations
and cevices for reading these media rapidly become obsolete; the various formats for digital documents &
images introduce additioneabmplications

2.5.2.3.1. MIGRATIONCOSTS
CCSDS (2002 defines agital migrationas thetransfer of digital information, while intending poeservet,
within the OAIS. It is distinguished from transfers in general by three attributes:

A A focus on the preservation of the full infortioa cortent

A A perspective that the new archival implementation of the informatiorejslacementdr the old

A Full control and responsibility over all aspects of the transfer resides with the OAIS.
(Kol & Oltmans 2005) define migration as copying data, or convering data, from one technology to
another, whether hardware or software, preserving the edsgmracteristics of the datéhe purpose of
migration is to preserve the integrity of digital objects and to retain the ability for clients teagethigplay,
and otherwise use them in the face of constantly changing technology. They further point out that wi
migration, file formats will be converted into new formats as soon as the original formats run the risk c
becoming obsoletdhey gve theexample of if technology scans indicate that PDF version 1.1 will soon be
inaccessible, all files in the digital archive of format PDF 1.1 will have to be converted into, for example
PDF format version 1.4. This way, the digital publications will be greg for rendering for another period
of time, until the format PDF version 1.4 runs the risk of becoming obsolete itself. At that time anothe

migration procedure will need to be carried out.

(Kol &0Oltmans,2005)argue that with migration thelectronicpublications will always be available in the
form that is generally accepted, e.g., PDF, and current hardware and software will be able to render th
formats with little difficulty and twer documents that are properly migrated will be available for $onee

in the present and the near future, and their electronic content can be used for copy ahdwevse.they
indicate that anajor drawback might be that while converting documents from one form to another, som
aspet s of t he docvanmwemsedalasmight get mai. tMoreover, with migration it may be
impossible to perform a conversion if the file format and the migration tool are no longer adtmefor

they advise that flaen applying the migration strategy we have to constantly stolyersion programs and
execute them when possible, so as to prevent bigitamation from getting lost

The OAIS moctl identifies the four primarydigital migration types a®rdered by increasing risk of

information loss They include:
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1 Refreshment:A Digital Migration where a media instance, holding one or more AIPs or parts of
AIPs, is replaced by a media instance of the same type by copying the bits on the medium usec
hold AIPs and to manage and access the medium. As a result, the existingl/Atdrage mapping
infrastructure, without alteration, is able to continue to locate and access thdtAlffers a short
term solution for preserving access to digital materials by ensuring that information is stored or
newer media before the old madieteriorates beyond the point at which the information can be
retrieved,

1 Replication A Digital Migration where there is no change to the Packaging Information, the
Content Information and the PDI. The bits used to convey these information objectesae/ed in
the transfer to the same or new metlipeinstance Note that Refreshment is also a Replication, but
Replication may require changes to the Archival Storage mapping infrastructure.

1 Repackaging A Digital Migration where there is some change time bits of thePackaging
Information during the transfer.

1 Transformationt A Digital Migration where there is some change in the Content Information or PDI
bits while attempting to preserve the full informatmntent. Theesulting AIP is intended to ke
full replacement for the AIP & is undergoing transformation. The new AIP qualifies as a new
version of the previous AIP. The first version of the AIP is referred to as the original AIP and may b

retained for verificabn of information preservatio(CCSDS,2002)

While it is difficult to projectfuture migrationcosts,we do know that there will be recurrimgsts. This
requires an ongoing and significant investment of resources in order to ensure that the expertise, finan

resources, and equipmeare available to meet this need as frequently as is necessary
2.5.2.3.2EMULATION COSTS

Emulation ombines software and hardware to reproduce in all essensiEatéristics th@erformance of
another computer of a different design, allowing progranmeedia designed for a particular environment to
operate in a different, usually newer environment. Emulation requires the creation of emulators, progral
that translate code and instructions from one computing environment so litecaroperly executeah
another Kol & Oltmans 2005)

(CCSDS,2002) discussstheadvantage of hardwassmulation ashe claim that once a hardware platform is
emulated successfully all operatisgstems and applications that ran on the original platform can be run
without nodification onthe new platform. However, this does not take into account dependencies ol

input/output devices. For example, it may not be possible to fglipulate all of the old hardware
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dependencies and timings, because of the constraints néthdadware environment. Further, when the
application presents information to a humaterface, determining that some new device is still presenting
the information correctly iproblematical and suggests the need to have made a separate recording of t
information presentation to use for validation. Once emulation has been adopted, the resulting system
particularly vulnerable to previously unknown software errors that may seriously jeopecditieued
information access. Given these constraints, thenteehand economic hurdles twardware emulation
appeaisubstantia(CCSDS 2002.

Anotheradvantage of emulatioas discussed b{Oltman,2004)i s t hat the original
publication can be preserved. As with preserving books, the aigthestantiation will be there to be
rendered, in contrast to migration in which possible other instances are used rather than the origir
However, a serious drawback is the complexity of developing and maintaining emulation tools. In the futur
we will have to maintain several emulation tools, and it cannot be proven that these will always work c
future computer platformgOltmans,2004). He further states thatralation models require more initial
investments compared to migration models. Emulatoatsthave to be developed, and this requires serious
Researct&D evelopmentincluding technical skills to implement the conceptsthermoreemulation tools

have to be maintained over time, which also requires investments imdsetrcher and implemeiations
(Oltmans,2004).

A very good example that has been illustrated ®gmans,2004) in comparing costs between migration
and emulation can best be used in deciding which preservation approach is suitable in any partict

situation.

He gives thedllowing formula when calculating storagests,and in thiscaseghe formula for calculating

the costs for migration aremulation.

Theformulafor calculatingmigrationcostsis as follows:
K (t,a) = h(t,a) + m(t,a)
WhereK (t) is the total cost of hding a objects for a period of t yeaasid

h=storage, m=migration. a= number of objects, t=time

The costs of migrating digital objects is dependent of time t (the longer we preserve the objects, the m
often we have to convert them) and of the nundjesbjects a (the more objects in the archive, the more

conversion actions have to be executed).
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The formula forcalculatingemulation costs is as follows:
K (t,a) =h(t,a) + E +e(t)

WhereK (t) is the total cost of holding a objects for a period péars,and
h=storage, E=setting up initial emulation tool, ardt) =emulation over time.

The costs fobuyingan emulation tool are expressed by E, while the yearly maintenance is expressed by
The maintenance is not dependent of the number of sbjectulation tools apply to the entire collection,
and no special action is needed when rendering an object in the digital archive.

(Kol and Qtmans 2005) advise that, Wwere the conversion of objects to other formats constitutes a
considerable cost faatan migration, these costs can be saved when applying emulddionever
emulation requires more initial investments, which makes it inappropriate fortshuartpreservation.
Therefore, br a proper cost comparison, the costs of each strategy shogpedified in relation to the term

for preservation. Emulation costs can be classified by the tasks that should be executed in order to rea

access in the future

2.5.2.4. ERROR CHECKING FUNCTION
This is a function that provides statistically acceptaddsurance that no components of the AIP are

corrupted during any internatchnival storage data transf€ CSDS 2002)

The costs could includsftware and hardware that mongdhe records to ensure that thaye not altered
by sending notification whesuch erroroccur. This will also include standard mechanisms for tracking

and verifying the validity of all data objects within the archive.

2.5.2.4.1. VALIDATION COSTS
The cost of validating the completeness ofoarectaccording to/CCSDS,2002) cold be maintained for
every individual data file. A highdevel of service such as Re8dlomon coding to support combined error
detection and correction, could also be providdwe storage facility should provide for random verification
of the integrityof data objects using CRCsather error checking mechanisms.
(Hendley,1998) states that the key to validation is assessment which is done to ensure the following:

1 That the resarce is complete as documented

1 That the resource is functioning properlydaoperates on the specified haste and software

environments

9 That the resource is consistent
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The costs associated with assessing digibgéctsall relate directly or at least indirectly to preservation.
Without assessment it is impossible to know whetidigital objectcan be preserved and to determine the

preferred preservan strategy for that resource (Hend|2998)

2.5.2.5. DISASTERRECOVERYUNCTION

This function provides a mechanism for duplicating the digital contents of the archive oolkeati storing

the duplicate in a physically separate facility. This function is normally accomplished by copying the archiv
content to some form of removable storage media but may also be performed via hardwaoet tansp
network data transfers (CCSDZE)02)

One recommendation to handle naedsues is to create backuf3edars,2002 Kenney,2000 & IMLS,
2007 using more than one kind of backup software to write the copies so as to safeguard against softw
bugs. In this scenario, at least one copputd be maintained in an offsite location and the media

periodically checked as per the refreshing methodology.

Media storage areas should be locked and accessible only to properly trained personnel. All media,
matter how reliable, needs to be backpd Creation of multiple backups and the use ofsd# storage for

one set of copiegrovidethe best protion against catastrophic loss (Cornell Library Univerg605).
2.5.2.5.1BACKUP COSTS

According to (Cornell Library University2005) the maintenance of redundant copies of valued digital
content is an essential componentnf digital preservation program, and a key element in the prevention
of catastrophic loss.They suggest that great variety ofbackup solutions aravailable,which to use
depends on:

1 quantity of data

1 rate of change

1 degree of automation desired

1 available budget
In addition to backing up data files, application software and operating systems magedsbackup. In
some cases, it may be necessary to purchase addilicgrades or obtairspecial permission from the

software vendor ilorder to back up applicatioi€ornell Library University2005)
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In addition to testing backup media periodically to ensure the data is still readable auod Iesn altered,
restore proedures should also be tested to ensure that the hardweéirgareand any outside vendors

involved in maintaimg backups are all functionirggexpected CornellLibrary University,2005).

(Cornell Library University,2005) points out that @rudent bakup strategy places at least one copy of all
critical data at a sufficient distané®m the main data store so that it is not likely to succumb to the same
disaster. This igalled oftsite storage.They further advise thanstitutions should check witregulatory
agencies for their recordstention requirements andtablishing a reciprocatorage arrangement with a
cooperating institution may be a lesost way to manage effite storage. They indicate thatfioutsourcing,
make sure you are gettirigue data management, not jusarehousing asemeric storage facilities are

unlikely to know how to properly store and handigital media.

2.5.3. DATA MANAGEMENT ENTITY

The Data Management function maintains databases of descriptive metadata idgatifyidescribing the

archived information in support of t he OAI Sb6s
supporting the OAI S6s internal system operation
primary functions of DataManagement include maintaining the databases for which it is responsible;
performing queries on these databases and generating reports in response to requests from other funct
components within the OAIS; and conducting updates to the databases asfaravation arrives, or

existing information is modified or deleted. In managing these databases, the Data Management funct
supports search and retrieval of thkbe OABABES86s ar

operations (Lavoie2004)

There have been fairly high costs associated with data management because this is where meta
management largely occurs. As automated tools are developed and implemented, data management
should become more manageable. Other costs include datlskills, software, and storagéCornell
Library University,2005.

The other costs according (dational Archief, 2009 include the purchase of operating systems and the
standard software for databases. There will also be a need for protectionresofagainst viruses,
unauthorised access, and tampering with the archives by unauthorised persons). There may also be a
for specific software for the receipt and storage of authentic digital archival records, such as Depot 2000
the Digital ArchiveSystem of the Uited Kingdom NationaArchives (an example that has been given by
the National Archief, 2005)Every organisation which works with digital records will, irrespective of its
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size, have a need for a DMS (Document Management System) or an (REZords Management
Application). Communications software and network and database licare@dso factors that should be
taken into consideration when budgeting howevemipst cases they are overlookddational Archief
2005)

2.5.4. ADMINISTRATION ENTITY

The Administration function is responsible for managing thetdalay operations of the OAIS, as well as
coordinating the activities of the other five higlvel OAIS services. Other responsibilities include
interacting with Producers (e.g., negahgtSubmission Agreements), Consumers (e.g., providing customer
service support), and Management (e.g., implementing and maintaining archive policies and standards).
Administration function is also responsible for overseeing the operation of theiagclnd access systems,
monitoring system performance, and coordinating updates to the system as appropriate. Administrat
serves as the centr al hub for the OAI SO0s intern
five other OAIS higHevel servicedngest, Archival Storage, Data Management, and Access, as well as the
OA 1l S 6 mal stakeh@derBroduers, Consumers and Managemeravpie, 2004).

It relates tonegotiating submission agreemerggstem configuration, physical accesmtrol, establishing
standards and policies, auditing submissions and providing customer sefhise.is where the
organizational infrastructure meets the technological infrastructure. Organizational resources need to
allocated to automatically (ang@ropriately) apply relevant policies and/or develop a stringent workflow
that provides a manual or seautomated and wetlocumented process. This requires policy development

and programming skglas well as software and tools (Cornell Library Univegy&005).

Every archival institution has a management that is responsible for establisimaigrds and policies,
controls the physical access to the premises, provides customer service, negotiates with depositors
materials to be submitted and penfiar other management functions. These housekedpiggions are
essential to theperation of any archival institution but the OAIS Administration entity is not only-a co
ordinating entity, it has direct contact and oversight over all the other functemtdles. Thus,
Admini stration serves as the central hub for t1l
directly with the five other OAIS servicdagest Archival Storage, Data Management and Access, as well
aste OAIl SOs eholdeed?radiacers, Gonsarkers abidnagementBeedham eal, 2004).

2.5.4.1. THE NEGOTIATION SUBMISSION AGREEMERUNCTION
This function solicits desirable archival information for the OAIS and negotiates Submission Agreemen

with Producers. This functioalso negotiates a data submission schedule with the Prd@@8bS,2002.
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This may includeights, ownership, scope of content, obligations for management and delnigciding

which Contentinformation must be negotiated.

2.5.4.1.1INTELLECTUARGPERTRIGHTS (IPROSTS

Copyright and other intellectual property rights (IPR) such as moral rights have a substantial impact
digital preservation. The preservation of digital materials is dependent on a range of strategies, which |
implicationsfor IPR in those materials. The IPR issues in digital materials are arguably more complex ar
significant than for traditional media and if not addressed can impede or even prevent preservation activiti
Consideration may need to be given not only tot@ainbut to any associated software. Simply copying
(refreshing) digital materials onto another medium, encapsulating content and software for emulation,
migrating content to new hardware and software, all involve activities which can infringe IPR unles
statutory exemptions exist or specific permissions have been obtained from riglegss falones and
Beagrie,2002). As both migration and emulation will involve manipulation and changing presentation ar
functionality to some degree (especially ovey aeriod of time) important issues of principle and practice
are raised in negotiations. It is important to establish a dialogue with rights holders so that they are fu
aware of these issues and the actions and rights required to ensure the presésetoted items.

The IPR costs may include any licence fees charged for permission to preserve the digital object, anc
allow continued access to it. Other rights expenses may include the cost of research to establish the rele
rights owners, theost of time spent in the negotiation and drafting of the licence agreement, and any relate
legal costs(Cedar,2002). Legal and negotiation skills will be required for rights negotiation. For major
decisions (e.g. concerning a whole collection) staff wéed to be senior and will involve collection
managers. More junior staff may carry out day to day acti\lib& also represents an ongoing cost;
however, it will cost more at early stages until there are processes and workflows in place to dieahwith

day to day basis or through a central agefCgdar,2002).

2.5.4.2. THE MANAGE SYSTEM CONFIGURATION FUNCTION
This function provides system engineering for the system for the archive system to continuously monitor t

functionality of the entire rehive system and systematically control changes to the configuration. This
function maintains integrity and tractability of the configuration during all phases of the system life cycle. |
also audits system operations, sgstgerformance, and system us§gCSDS,2002)

The costs include the software and the hardware required to monitor the functionality of the entire archi
system. This system can be automated and may require experts who can recommend on the approp

system and offer support.

Master thesidnternational Master in Digital Library Learn2@09 Page44



2.5.4.3. PHYSICAL ACCESS CONTRBEUNCTION
The function provides mechanisms to restrict or allow physical access (doors, locks, guards) to elements
the archive, as detmined by the archive policies(CCSDS, 2002)

The costs incurred will include the staff costg. the security guards, the costs of physical infrastructure
that ensgre that the servers are securests for air conditioning, uninterrupted power supahd nonlabour
costs ljke secure building The physical infrastructuréncludes elementslike power supply, cooling

system physical housing, security, fire protection axadbling.

Power is one area that has received great focus in the recent past as a crucial factor that needed to be
into consideration in terms of the costs in the fututee d@igital objects can be accessed through hardware
and equipments that use power e.g. computers, servers. The heating system and lighting system use pow
provide a stable environment for the digital obje¢@antz et al.2008) points out that poweosts are
continuing to rise and to rise more quickly than the costs of new servers. Power consumption, estimatec
1kW per server rack in 2000 is estimated at 20kW per rack in 2007 and project to rise toe2Qiadk pn

the next few years (Gantz et &2008) They point out that gater capacity will not necessarily solve the
problem for a custodial institution since the creation of new information is accelerating faster than ol
capacity to store it and the engineering of cooling lacgepplex serverss complicated. ldnce, power
requirements to operate and maintain such systems are considerable and the costs not only of upgradin
also of operating these systems require serious deliberation. At the least, it is essential to consider the c
of power and cooling requirements, especially given that the cost of energy will continue to rise in th

future.

2.5.4.4. STANDARDS AND POLICIES

(Best, 2007) starts by posing a question ow Imuch do standards cost to develdp@ categorically states
that here is no one number, given the wide range in size, scope, and the levels of technical complexity
various standards. As desirable as an accurate number would be, it is difficult even to generalize, |
perhaps an example or two can help frame the arsmee provide a means for determining the true cost of
any particular project.He states thathe cost of a standard depends, of course, on a humber of variable:
including the size and complexity of the work, the availability of existing work upon wichtandard can

be based, the number and quality of resources available to contribute to developing the solution, ¢
Thereforeher e i s no fpuace.e si ze fits all o

(Best, 2007) outlines the following individuatosts that go into developing and appngva standard,

including

A Membership dues or participation fees paid by participants to the standards organization;
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A Costs associated with the salaries and support for technical resources (people) involved

developing the work;
A Travel costs for attendinfgce to face committee meetings;
A Infrastructure costs such as email lists, web pages, telephone conference calls; and

A Clerical and administrative costs of the standards organization, including for the administration ar
oversight of the technical procesxynducting of public reviewsnd organizationaballots, and

publication of the completed work.

Best further gives the example below to illustrate the costs of developing a standard which he has illustra

using a hypothetical case.

L e tconsider a hypthetical standards activity consisting of 20 engineers employed by eight different
companies, with eachf the companies paying $15k in membership dues to the standards organization. T
be fair weshould take into account that each of these companiegtisipatingini | et 6 s ®ahgr t h

technical activities within the organization
$15,000 x 8 .25 = $30,000

Letbdébs also assume that these 20 engineerandaeg e
each devoting an average of 20% ot hei r ti me to t he p rthejulyburdenedVe 6

personnel cost of an engineer, including salary, benefits, office space and

Equipment etc. is $150,000/year. This gives us the following cost for technical resources for the

developnent project:

$150,000 x 20 x 3&2 = $1,800,000

(You should notice right away that membership dues is a relatively minor cost of participebtagndards

work, compared to the cost of participation.)

Additionally, the committee developing the stadarme et s f ace t o f a estmaftethar r
travel costs at $2000 per person per meeting, and throw in an extra $200@ébing space and food. The

time cost for the participants will be assumed to be included ifighee above.

((20 x $000) + $2000) x 4 x 3 = $504,000
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As noted above, the infrastructure and clerical/administrative costs provided by the staDdgadszation
are paid through membership dues, which have already been codtiedotal cost for developing our

hypotheticalstandard is

$30,000 + $1,800,000 + $504,000 = $2,334,000
That s just for the devel opment ef f or incjudetthe eosts i r
associated with the approval of the work including public and member reaeivgoting.This could add a
cumulative hundreds or possibly thousands of hours of additreorki by technical people, increasing the
costs even further. There is also the administrggreeessing and preparation for publication, though as this
is done by the stamdr d s o r g staff thesa ¢ostsoare @avered by the membership dues or participatior

fees already included.

This approach can be used by organisations to calculate the cestsicipating indeveloping standards

and policiedor digital preservatin in organisatios (Best,2007)

2.5.4.5 AUDIT SUBMISSION FUNCTION

This function will verify the submission (SIP and AIP) meet the specification of the submission agreemer
The function receives reviews from preservation planning and may also invobrgsaashe committee (e.qg.
science and technical review). The audit process must verify that the quality of the data meets t

requirement of therahive and the review committee (CCSDS, 2002).

The costs involved include auditing costs especially where diveg external auditors who have to verify
whether the SIPs and AIPs meet the required specification. The costs vary here from organisation
organisation and depending on the size of the organisation. The vaa&mmaydepend on internal
archive pakies.

2.5.4.6. PROVIDE CUSTOMER SERVIEENCTION

This function will create, maintain and delete customer accounts. It will collect billing information from
access and will send bills and collect payments from consumers for the utilization of archive syste
resource(CCSDS, 2002)According tothe study team as reported bye@grieet al,2008, customer
accounts are useful for reporting usage and restricting access as appropriate to closed collections \

specific licence conditions.

The costs involved inhis functioninclude the costs of a acquiring a customer relationship management
system (CRMS), this will include both the hardware and seoéwasts. According to th@ree online
dictionary of computing2009) CRM (Customer Relationship Managemen® &nterprisavide software

applications that allow companies to manage every aspect of their relationship with a customer. The aim
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these systems is to assist in building lasting customer relationships to turn customer satisfaction it

customer loyaltyand to improveservices provided toustomers.

Other relevant cost factors will include dedicated staff that will manage the CRMs and handle custom
requests and this will in addition include training costs for the staff to ensuti@ussh support of th
systemyetraining and skill upgrading costs.

2.5.5. PRESERVATION PLANNING ENTITY

This includes monitoring user groups, emerging technologies, standards and platforms. The objective is
protect against obsolescence, develop preservation strategianigration plans as required (CCSDS,
2002)

This service is responsible for mapping out t h
appropriate revisions to this strategy in response to evolving conditions in the OAIS environment. Ti
Preserat i on Pl anning service monitors the external
ability to preserve and maintain access to the information in its custody, such as innovations in storage
access technologies, or shifts in the scopexpe&ations of the Designated Community. Preservation

Pl anning then develops recommendations for upds
these changes. The Preservation Planning flynct
evolving user and technology environment . It d
responsibilities, designs strategies for addressing these changes, and assists in the implementation of 1
strateges within the archival systerhgvoie, 2004)

Preservation Planning is perhaps the core OAIS function. It defines and manages strategies to enable di
objects, stored as Archival Information Packages (AIPs), to move through time without suffering
unacceptable losses and changes tdecror functionality. It starts long before objects are moved into a
formal longterm preservation system and continues throughout their exi@aogell University Library
2003.

Preservation planning demonstrates more clearly than other functidardigital preservation is a shal
responsibility, both within and between institutions. An organization needs to determine the contrik
can make to communHyased developments of preservation strategies and the ongoing technoloc
and how itcan benefit from external research and development. The organization needs to ide
adopt appropriate pservation strategie€ornell UniversityLibrary, 2003)
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2.5.5.1. THE MONITOR DESIGNATED COMMUNITRUNCTION
This functioninteractswith archive Consumers artfoducers to track changes in their service requirements

and available product technologie€Such requirements might include data formats, media choares,
preferencegor softwarepackages, new computing platforms, and meamasifor communicating with the
archive. Thisfunction may be accomplished via surveys, via a periodic formal review process, Vie
community workshops where feedback is solicited or by individual interactions. It proregests,
requirements alerts and erging standards to the Develop Preservation Strateg@sStandards function. It
sends preservation requirements to Develop Packaging Dé6IGSDS, 2002)

The costs in this function will include dedicated staff who will be involved in monitoring thgnaésd
community which varies from one organisation to another depending on the clients they offer services
The other costs are those incurred in organising community workshops, carrying out the surveys and

periodic reviews.
2.5.5.2. MONITOR TECHNOLOGYFUNCTION

The purpose of this function is to identify technologies which could cause obsolescence in the archiv
computing environment and prevent access to some of the archives current hdldisgs.achieved by
tracking emerging digital techtamies, informationstandards and computing platforms (i.e., hardware and
software(CCSDS,2002).

2.55.2.1. TECHNOLOGY WATCH COSTS

An implication of the rapid evolution of storage media and file formats and the risks of technolog
obsolescence is the eessity of maintaining a register of hardware and software capacity in the institutior
and preservation metadata to enable a formal process of "technology wat@ilure to implement an
effective technology watchewx IS strategy incorporating this willisk potential loss of access to daji
holdings and higher costA. retrospective survey of digital holdings and a risk assessment and action plal
may be a necessary first step for many institutions, prior to implementing a technology (Jatds &
Beagrie,2002.

2.5.5.3. DEVELORPRESERVATION STRATEGIES AND STANDARELAINCTION

This function is responsible for developirajnd recommeting strategies and standards teagable the
archive to better anticipate futucbanges in the Designated Commursigyvice requirements or technology

trends that wouldequire migration of some current archive holdings or new submissions. This functior
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receives reports from the Monitor Designated Communities and Monitor Techniiogyons, and it
receives performancenformation, inventory reports and summarizeshnsumer comments from
Administration. This function sends recommendations on systerution to Administration. This function
also receives external data standards fkdomitor Technology and produces presl of those standards that
are sent to Administratioas proposals on their potential usage. This function also receives issues fror
DevelopPackaging Designs and Majion Plans in the case ohanticipated submissiaequirements, and

responds with advecto handle the newequirements@QCSDS 2002.

The costs include the costs of developing the preservation strategies and standards, outsourcing costs in
theregularstaff in organisations lackbe competencyo devebp the strategies arslandardsThis can be
costly at initial stages but save times and involves experts who are in a better position to develop pro

preservation strategies.

2.5.5.4. THE DEVELOP PACKAGING DESIGNS AND MIGRATION PLANSCTION

This function develops new IP designand detailed migration plans and prototypes, to implement
Administration policies andlirectives. This activity also provides advice on the application of these IP
designs andigration plans ¢ specific archive holdings argbmissions. This function receivaschive
approved standards and migration goals from Administration. The standards include dtamdards,
metadata standards addcumentation standards. It applies these standapisgervation requirements and
provides AIP and SIP template desigasAdministration.This function also provides customization advice
and AIP/SIP review to Administration dhe application of those desigf@CSDS, 2002).

The migration goals received by this function tend to involve transformations of thein&lBding
transformations of the Content Information to avoid loss of access digehoology obsolescence. The
response to the migration goals may involve the developofamw AIP designs, prototype software, test
plans, community review plans amdplementationplans for phasing in the new AIPs. This process may
call on expertise oresources from other functions within Preservation Planning, such as prototype
developmentfrom the Monitor Technology. This effort also will require consultation from the other
functional areas and from the Designated Community. Once the migration plan, assalitatiesigns, and
software have been tested and approved, this function will send the emgration package to
Administration, which will schedule and perform the actuggration(CCSDS,2002)

The costs includehe expertise or resources from other functions to oversee the developrientesigns
and migration plans. Theosts of developing new AlBesigns prototypesoftware,test plans, community

review plans and impmentation plans for phasing in new AlPs.
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2.5.6.ACCESSENTITY

Access function manages the processeks smivices by which Consumeasd especially the Designated
Communityl oc at e, request, and receive del itore Mypicalo f
services provided by Access in support of the Consumer include processengq es of t he O
specifically, forwarding the request to Data Management and presenting the response (e.g., a result se
the Consumer; and coordinaithe retrieval andelivery of requested conteby forwarding the request to
Archival Storage, receiving the requested items, and performing any necessary transformations that
occur prior to delivery to the Consumer. Access is also responsibl@apéFmenting any security or access
control mechani sms associated with the archi ve
interface with its Consumers (and Designated Community): as such, it is the primary mechanism by whi
the OAIS meets itsesponsibility to make its archived informatiavailable to the user community (Lavoie,
2004)

From a digital preservation perspecta® pointed out byCornell Univergy Library, 2003)an OAIS must
be able to find and deliver objects effectively inp@sse to requests from Consumers (users and user
systems). Preservation without the means for access is of debatable value, but access is still not the prir
purpose of a preservation system. Access generally demands the use of current technology dbjeetsl
that will meet user expectations. The organizational responsibility for access is to ensure that t
requirements to deliver can be met, that the user communities are well defined, and that adequate resot

are available to support ongoing é&pment in support of access.

Access entails organizational costs (e.g., policy development and maintenance, interface developms
requirements analysis) and technological costs (e.g., programming to process and respond to quel
generate DIPS, developi ght s management protocol s) . OAl S a

charge users faropies, which may offset costSdrnell University Library2003.

The Access function represents the OAI Sdésismibynt e
which the OAIS archive meets its responsibility to make its archived information available to the use
community. It manages the processesl &ervices by which consumeasd especially the ésignated
community locate, request, and receive deliver o f items residing in the
functions include communicating with Consumers to receive requests, coordinating the execution
requests to successful completion, generating responses (Dissemination Information Packagestsresult
reports) and delivering the responses to Consumers. Access is also responsible for implementing

security or access control mechanisms associated with the archived.q@dedhanet al,2004).
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2.5.6.1. FINDING AIDS COSTS

These are costs reldtéo providing everything that is associated with reliably locating and accessing ar
acceptable presentation of the digitddjectse.g., the public interface, web servamdexing, managing
appropriate emulation tools, et&ystems and/or application inf@#ces s expensive to develop and
maintain. There are substantsdvingsfrom maintaining a small number of standard interfaces and a

proportionately high cost to each custom interface the archive needs to develop. (Beagrie, et al, 2008)

2.5.6.2. SECURTY COSTS
Access to online servers is controlled through the use of password and/or address port filtering. Online d
that is fully validated and approved for release is placedublicly accessible servers (CCSR802.

Requirement for access contwlll add costs on a sliding scale depending on the level of control and
methods required. Simple closure of a data collection for a specified time period before access to user
relatively trivial to automate in existing systems. In contrast manuabgkitig and removing personal

information in an access copyrcavolves a significant cost (Beagrie et2008)

The security costs incurred in providiagcess include putting in placesgstem that will ensure that access
to the digital object is restted and thisis especially important taligital objects that are not publicly

accessible or which are sensitive and thus needs controls.

2.5.6.3. CUSTOMER SERVICE/SUPPORT COSTS
This involvesdedicated staffs who provide ussupport for example referemcservice to the designated

community and they respond to the queries from the customers either through telephoigespreima
person. Theosts include the staff and any CRM system that supports users in accessing the digital object

(Beagrie et al2008) argues thatte demands on user support increase with the volume of users, number c
user communities, and proliferation of data types, data sources, and userTiogysstate thattiwill be
important to define the levels of support at the onsétiashas a direct bearing on costs and therefore can
impact on the archives policies regarding supported formats etc. The capacity will increase as mc
automated user support aids become available (beginning wiiheodocumentation, FAQ, etc.They
indicate that ser support may also include variable potential levels of outreach, educatiotraismg
workshops fo users andusers increasingly expect higipeed access to be an inherent part of online
systems. Maintaining and configuring access sesvito consistently meet these expectations will incur

higher costs particularly for large volumes of users and accesses.

Master thesidnternational Master in Digital Library Learn2@09 Pageb2



2.6.0THER FACTORS

1 Thenumber of users has great influence on the costs of preservatidme size, knowledge base,
and number oindividual users and user communities will have particular influence on costs and are
a significant additional factor in costs incurred by community and reference level data collection:
The broader the range of researchers supported the higher the emnestith be in user support.
Typically large community and reference data collections will involve staff with subject knowledge
of the discipline(s) to support designatedrusommunities(Beagrie et al.2008.

1 The time between preservation actions. Tinee between preservation actions is a critical cost
factor. The more preservation actions, the higher the costs. In addition, more preservation actic
increase the risk of affecting the authenticity and integrity of the records, and there may also be
need for additional tests.The costs can be reduced with longer periods of time between the
preservation actions. However, preservation actions carried out at excessively great intervals of tir
can increase the risk of problems with digital presepwatnd the cost of preservation (National
Archief, 2005)

1 Volume of therecords. The expected volume of the records to be stored and managed will hav
substantial consequences for the costs. The storage costs increase linearly with the volur
Moreover the regjired space will increase even more rapidly when the records need to be stored in
variety of formats (for example, the original filerinat and two migrated formats) (National Archief,
2005).
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3.0. METHODOLOGY

This chapter discusses the research nolagy adopted by the study. It specifically examines the research
purpose, research approach, research strategy, data collection metipottstionandfinally the limitations

that were encountered in thesearch.

3.1. RESEARCH QUESTION/ RESEARCH PURPO%

This study shall focus in exploring and describing how cost factors can be determined empirically using t
OAIS model in digital preservatio&ince this area has not been widely researched on, the study is primarily
exploratoryand conclusions shalkebdrawn from what will be explore@yin, 1994) states thathé purpose

of an exploratory research is to gather as much information as possible about a specific Eabject
expected outcome of the research is a cost table that will contain cost fdetdrBed from the research

and a ranking of the individual cost factors from the research findings.

3.2. RESEARCH APPROACH

There are two main research approaches when conducting research in social qoi@ntative and
gualitative research. Aspreseted by (Pickard, 2007) with reference to(Gorman & Clayton, 2005)
guantitative methodology assumes thesgbye reality of social facts arguialitative methodology assumes

social constructions of reality.

In quantitative approach results are based onbeusnand stadtics that are presented in figures where as the
gualitative approach the focus lies on describing an event with the use of words. The approach one choc
depends on the problem definition together with the kind of information that is néddetdyvo methods

can in cases wheikis suitable be combined (Gra3004)

However (Pickard 2007 points out thatvhichever paradignyou associate your research with, whichever
methodological approach yaake,demonstrating the value of your investiign is essential and that all we

want is our findings to be believed and we are responsible for ensuring that they can be believed.

This researclscombines both the quantitative amqaalitativeapproach based on thesearch purpose and the
research quéisns. This requires us to study the phenomenaedapth.This approach is suitable because we
want to gain a better understanding of how we can determine cost factors by uswl$htinctional
model in digital preservationThe choice of the approachess made because of the analysis of the
statistical figures from the online questionnaires and thiepth discussions from the interviews which are

basically qualitative to support the findings and strengthen the validity of the results.
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3.3. RESEARCHSTRATEGY

In this research we shall use case study which is gengralle f er r e d wh e na nagriasyvoe r
guestions about a particulapic (Yin, 1994).

A case study has been defined as an empirical inquiry that investigates a contemporary phenomer
in depth and within its real life context especially when the boundaries between the phenomenon a
context are not clearly evider{tyin 2009)

(Yin, 2009 statesthat acase study is preferred in examining contemporary events but when the relevar
behawours cannot be manipulated. The choice of using the case study wasatigated sinceve have

little control over the behavioak events andhe events under investigation are contempor&griewing

the objectives of our research all of them are statead Afhowo questions which n
study the most appropriate orfccording to Pickard4007), the purpose of a case study is to provide a
holistic account of the case anddapth knowledge of the specifgituation, through rich desriptions
situated in context. This was one of tkasongor choosing on a case study because we wanted to get an in

depthknowledge andinderstanding of the topic under research.

(Yin, 1994) propose®ur main types of case study design each of whesdrio be selected on the basis of
a particular set ofonditions.This include: single case study holistic, single case study embedded, multiple

case study holistic and multiple case study embedded.

A single case embedded is where within a sisglely,there may be aumber of different units of analysis
(Yin, 1994. In this research we have chosen to conduct a single case study embeddede the this
researchincludesrepresentatives of prof@snals in Norway which includEDOK (part ofthe Norwegian
Computer Society)Verdiskaperne (iformation Managementeétwork) and the LongRec projetisingthis
single embedded case study will make our findings nmobeist andpossibly make it easier tdetect

similaritiesand differences since the members @f phoject are from differemiase partners.

3.4. DATA COLLECTION METHODS

When collecting primary data the researcher has specific purpose for doing it, the same applies to th
collecting secondargata. In this research th@imary datawas collectedhrough interviews and online
guestionnairesSecondaryatawas also collectethrough documentation by gathering information from the
LongRec project website, other documentations were recommendations by the interfoeweasple the
NOARK standard the provision concerning transfer of electronic records to the national archives, the

Digital Black hole which wereecommendedly the National archive service of Norway.
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Interviews as a collection method are one of the igsificant sources of da@iningcase study information
(Yin, 1994). According tqGray, 2004) if the objective of the research for example is largely exploratory
involving say the examination of feelings attitudesthen interviews may be the best approach. As they
allow the researchéo probe for more detailed responses where the respondent is asked to clarify what th
have said .The research is primarily exploratory thedaim of usingnterviews as a means of gathering in
depth information from the respondemias toprobe for moranformation and attain highly personalized

data

Semistructured interviewsvere used because thaye nonstandardized and are often used in qualitative
analysis. The interviewer has a list of issues and questions to be covered, but may not ddadfwitaral

in each interview. The order of questions may also change depending on what direction the interview tak
Indeed, additional questions may asked,including some which were not anticipated at the start of the
interview, as new issuearise. Reponses will be documented by note taking or possibly byreqmeding

the interview. The semi structured interviews allows for probingews and opinions where & desirable

for respondents to expand on their answers. This is vital when a phenogiealchpproach is being taken
where the objectives is to explore subjective meanings that respondents ascribe to concepts(G@rayents
2004. The questions were open ended and &eged ended, in orddo preserve the flexibility of the

interview sothatin-depth information could be gathered.

There are different ways of conducting interviews which incfade to facenterviews, telephone interview
and online interviewing-ace to face interviews have always been preferred and are mostly widehsutsed
involves a direct meeting between the interviewee and the interviewer by personal commuritcegion
possible not only to obtain much more information but also one can use visual tools to encourage respon
However in somesituations,one can us telephone intervievespecially due to geographical distance
between the respondent and thierviewer.(Gray, 2009 states that the advantages of conducting telephone
interviews is that the costs are lovand it can be conducted faster and the intereewan help the
respondent with any misunderstanding or diffies they haveln this research we gaveespondents the
optionsto choose from, howhey preferred to be tarviewed.Threeface to face interviews, two telephone

interviews and one onlineterviewwere conducted

The interviewwas guided by an interview guieéich can be accessed in the APPENDAXThe purposef
usingan interview guide according {&llis, 1993, 47% as reported b{Pickard 2007 173 is to ensure that
each interview cosrs basically the same ground but gives the interviewer consideligbletion in the
conduct of the interview. The same interview guide was used all through the interviews. We conducted

interviews. Before conducting the interviews we contacted tth@iduals who are involved ithe casdyy

Master thesidnternational Master in Digital Library Learn2@09 Pageb6



mail and asked those who were willing to be interviewed. The introduction about the project had alrea
been done by the project coordinator to all the members abgeThose who accepted to beervieweda
list of the interviewquestions was sent to theta enable them prepare adequately in adeaiihe
respondents were later contactsdmail to book the dates and the time that was convenient for them to be
interviewed. The respondents were given the optoehoose how they wished to beerviewed. The
optionsincluded face toface, telephone ananline chatting (SkypeMSN, and yahoomessengér The
interview guide functioned as a support tool during our interviews, during the interview the responden
were allowed to talk freely with the interview guide as the base. The interviews took relatively between or

to three hours.

Noteswere takerduring the interviewsln additionmobile phonewas usedo record in order to register the
empirical data more accately. (Yin, 2004 supports recording as it gives the researcher the possibility to go

back and double check the received data.

In addition tointerview, primarydatawas collectedhrough online survey questionnairdfie questionnaire
wasconstructed ira combination of grading scales, multiple ides, and open erd questions (Yi2004).

| provided a brief introduction of myself, the research topic and the aim of the research. This was done
enable the respondent to be aware of the research toptbeadn of theaesearch. Thguestionnaire had
similar questions like tree in the interview only that most the questions were ded endedviost of the
guestions required that the respondent use grading scales and multiple alterHativeser, wherehe
respondents were required to provide their own opinion they were still limited on disaansgiegter depth

on the different questionghe link to the survey was sent to all the memberthe case bynail. The

guestionnaire can be accessed in ARBK 1.

3.5.POPULATION

Qualitative researchoften works with small samples pkeople, cases or phenomena nested in particular
contexts. Hence, samples tend to be more purposive than random. Again, in contrast to more quantita
approaches, samples magt always be prplanned in advance, but may evolve once fieldwork has begun.
So an initial choice for informants may lead to a decision to select a more contrasting set of deviant subje

(casesps a comparisofGray, 2004).

The populationincludedall representatives of professionals in Norway which included EDOK (part of the
computer Society)Verdiskaperne(information management network) and the LongRec projéoe
population comprised of informatiemich case for study in depttnformationrich cases are those from

which one can learn a great deal about issues of central importance to the purpose of the Tésearch.

Master thesidnternational Master in Digital Library Learn2@09 Pageb7



population included members who are information professionals and the assumption was that they |
knowledge ondigital preservatin and that the knowledge from their organizations would be of great
significance in thigesearchThe population was proposed by the key informahb is the project manager

of LongRec.

The questionaire was sent to the entire populatibtowever, the rgpondents were requested to indicate if
they wanted to be interviewed. In the process, some respondents indicated that they were interested in b
interviewed and they in turn pointed out to other potential respondents who had knowledge on the field
research. The key informant also turned to be of great help in pointing smibtmation richcases for
example the members who were from the National Library antbmatarchive of Norway contributed
greatly in providing information related to the resfaguestions. Theyad experience in issues of digital

preservation and therefore provided valuable information.

According to(Holme & Solvang,1991) selecting respondents with the right knowledge about the researck
area is crucial for qualitative reselarcThe population provided valuable information through the

guestionnaireghe interviews and some of the documentations that they recommended.

3.6.LIMITATIONS OF THE STUDY

1 The population for the studwas relatively small because it comprised of 30miners who
represented information professionals in Norway. We received 16 responses from the onlir
guestionnaire which was a very small number to draw a comprehensive conclusion regarding t
research questions.

1 There were only six interviews conductedhich also would affect the results of the research since
most people did not want to be interviewed or did not have enough information in regard to th
research questions, thad an effect on thesults of the research.

1 The assumption was that thepotation had knowledge on digital preservation and cost related
issues, however it turned out that majority of the respondents did not have sufficient knowledge

regard to cost related issues in digital preservation.
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4.0. DATA PRESENTATION AND ANALYSI S

In this chapterthe empirical dat@s presented asollected from representatives of professionals in Norway
which included EDOK(part of the computer Society)/erdiskapernginformation managemennetwork)
andthe LongReroject.Both interviews ad questionnaires are taken into consideration to bring out the
complete picture of the research.

4.1 ESTABLISHING HOW ORGANISATION S DETERMINE COST FACTORS

4.11.COST MODEL

Other, 18.75

YES, 12.5

Figure7: Thepie chart is a %representationn & Rydu have a cost model for digital preservati@ro

The response from the onlimgiestionnaire showed that 68%=onfirmed that their organisation did not
have any cost model while 12.50% confirmed that they did have a cost model while 18.75% confitmed tt

they were not aware if any cost model existed.

One of the interviewees when asked if they had a cost modefishid am af r ai d, castso ar
andconfirmed that they did not have any cost model for determining cost factors in digital atieseand

that they received grants from the government and allocated the funds to different units and one of the u
was digital preservation and the allocation of funds was based on compromise and was tradition based.

meant that the allocation @inds was done with no proper laid down policies or procedures.

The resultsindicatedthat themajority of the people indicated that their organisations did not hawest
model specifically for identifying cost faa® in digital preservation. Théact that oy 12.5% of the
respondents indicated that they have a oostlel is a critical issue as it ia threat to the long term
preseration of digital objects. (Paln2006) points out in his article thBigital Black Holethat:

Master thesidnternational Master in Digital Library Learn2@09 Pageb9



In the excitement about tiselutions digitization offers, the right questions about costs are often not
asked, especially about lostgrm costs for keeping the digital files alive. This enthusiastic attitude is
risky, for the conversion process to create the digital files mayb&edjuite expensive to start with,
and these investments may turn out to be wasted if planning for the future is ignored and r

structural funding for maintenance secured

This indicates the criticality with which organisations need to adopt approposttenodels in planning for

long term financial commitment towards preserving digitgécts.

4.12. ORGANISATIONAL BUDGET

Figure8: This is % representatioon ¢ R&A FA G f LINBASNDIF A2y Ay OftdzRSR Ay {(KS 2 NI

62.5% respondds of the survey indicated therganisations had allocated ongoing budgeted resources for
the long term preservation of digital objectives while 3#.5ad not allocated ongoing funds for the
sustainability of digital preservation. Howeyethe people interviewed indicated thabme of the
organisations like the National archive of Nagyvand the National Librameceives annual grants from the
government and since its the responsibility i government to ensure thatdhévo main organis#ons
manage the digital objects in their custody they are obliged to allocate annual funds which will ensu

continuous sustaitdity in digital preservation

Master thesidnternational Master in Digital Library Learn2@09 Page60



4.13. ORGANISATION & OBJECTIVES

Figure9: This is % representatioond digital preservation partof the2 NA | yAT | GA 24 Q&4 202S0GABSa

75% indicated that digital preservation was i nc
25% of the respondents indicated that the digital preservation was nateiddtuthe overall objectives of

the organisation. Some of the respondents in the interview indicated that the issue of digital preservat
which for example in some organisations was referred as general storage or database management

considered an Ifunction and presumably the funds were allocated under the IT department or unit.

One of thantervieweegointed out thatidital preservation should be included in the overall oiggtional

objectives because & a kind ofassefor the organisation.

At the national archiv& Digital preservation is included in the ovémganisational objectives. ii6 one of
the core functions of the organisation and thus has got a greater placement in that it has a unit that addre
the issues of digital presation.

The same case applies to the National library where it was pointed out that digital preservation is a prior
and that the Norwegian government has recognised the Library as a cornerstone for the nation and there

efforts are being put in plado ensure long term sustainability of the digital records.

However, ot hers pointed out t hat digital prese
rather in most organisations it was considered an IT function which involves data managed backup

management. This meant that it was treated as an IT function.

4.14. GENERAL COST FACTORS IN DIGITAL PRESERVATION

The following general factonsere highlighted by the respondent as those they take into consideration whel

preserving digithobjects. In the questionnaire some factors were highlighted even though they never he
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any cost model that guides them. The outcome of the survey from the questionnaire indicated that stor
costs received a higher rating followed by technology, secustaff, legal issue received the least rating and

some of the other factors that were given included organisation costs, retention costs and selection costs.

In practice, what cost factors do you take into consideration when preserving digital objects?

16
14
12
10

8

oON A O

Figure10: This is a representation o6 ¢ K drdithe general cost fairs in digital preservatior?é

A) Staffcosts

B) Security costs

C) Technology costs

D) Storage costs

E) Legal costs

F) Dondt know

G) Other
Figure 11below llustratesthe general cost factors that weérighlighted in theonline questionnairand it
came out clearly that storage costs were highly regarded in terms of digital preservation. However, t
interviewees gave the opinion that thésetors varied from organisation to organisations. This depended on

the functions of the organisation, the maguof the organisation and the organisational sustainability.

When the interviews were conducted other factors emerged as a result of probing the interviewees and n
of them were able to identify other costs that they did not consider initfatjyre 12 shows some of the
cost factors that were identified from therviews conducted as general cost factors those organisations

considered in relation to digital preservation.
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DIAGRAM 1: GENERAL COST FACTORS IN DIGITAL PRESERVATION
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Figurell: General cost factors highlighted from the 6 people interviewed.
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4.15. CHALLENGES WHEN DEALING WITH COST ISSUES IN DIGITAL PRESERVATION

100
90
80
70
60
50
40
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10 |
5 S : Lack of funding

Don’t know
Lack of evidence of benefit
Lack of staffresources

Lack of awareness

Figurel2: The figure shows the rating of challenges of costs in digital preservation.

The above challenges were highlighted in the surgeyase that organisation face when determining costs
in digital preservation. The survey indicated th&ck of awareness received the highasing followed by
lack of funds lack of staff resources and lack of evidence for benefit was least @itest challenges that

were highlighted in the survey were the corpoxégev andcontinuousocus ancawareness towards costs in
digital preservation

One interviewee indicatetthat lack of planningandlack proper policieso guide the cosissuesin digita
preservationwere major challenge He suggested that if proper policies are put in place it will make it

easier to determine cost factors in digital preservation.

4.2 RESOURCE ALLOCATION FOR THE MANAGEMENT OF DIGITAL RECORDS

This section establigsthe exact areas that organisations allocate ftmdsd the critical cost fasts they

prioritisedwhen allocatingesources.

4.2.1 AREAS WHERE ORGANISATIONS ALLOCATE FUNDS

According to the survey, the respondents rated the following areas as the bnendigement allocates
funds in digital preservation
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Figurel3: Rating on the response ofiwhichl NBI & R2S&8 GKS YIFylF3SYSyid Ftt20F3GS NB:

This shows that the management is more willing to alloeseurces on storage and hardware and software
in most organisations. Other areas that were highly ranked were staff and security. Customer service is n

key area where most organisations would like to allocate resources in relation to digital pogservat

The interviewees equally confirmed that most organisatialigcate a lot of funds on storage and
technology Another external yet relateeixampleis that the National Archive of Norway is currently
working onacquiring aronline digitalstorage callé SAN (storage area networkjhis means that much of

the funds are allocated towards testing of this system and the final implementation.

Other costs thawere highlighted include@quipmentsuch asdisks tape robots and other hardware and
software for he system. For examplthe National archives allocate funds depending on the project that
they have plannedndthey pointed out that they incurred a lot of costs in developing standards that is thi
NOARK standards which is a specification of functiorejuirements for electronic recordkeeping systems
used in public administration in Norway. They incurred a lot of costs on the consultancies because th

outsourced the services and they paid salapiebvie people for three years.

They statedalsothatonce that project was done the costs for standards went down, however they indicate
that staf is not a cost because the stafbrking in the national archive of Norway are employed by the

government and so the salaries paid to them are not apart ahttedllocated to them.
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