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Abstra
tToday, in
reasing amounts of information are 
reated, ex
hanged and stored in digitalform. Preserving digital information over time is be
oming in
reasingly important for agrowing number of institutions. Digital assets form 
onsiderable value for their businessalso in the medium and long term.Digital preservation - ensuring the a

essibility and usability of digital information overtime - is be
oming of broader interests for a wide range of institutions. In the early stagesof digital preservation mainly heritage institutions (ar
hives, museum and libraries) weredealing with this issue and had preservation systems in pla
e for their digital 
olle
tions.Nowadays in
reasing numbers of small institutions are starting or planning preservationa
tivities.In re
ent years, a lot of e�orts were put into developing automated preservation so-lutions. The aim is providing easy-to-use solutions that do not need profound expertknowledge. The target group for automated ar
hives are institutions with limited in-house resour
es and expertise in digital preservation.An important aspe
t of preserving digital 
olle
tion over time is the 
osts. In termsof long term ar
hives the 
osts of the next few years are of interest for the managementas well as the 
ost trend in the long term - for the next 15, 20 or 30 years. Assessingthe 
ost fa
tors of digital preservation repository is a 
hallenging task. Some of them aredi�
ult to identify and to break down. In this work we present a 
ost model espe
iallyfor small s
ale automated digital preservation software system.The model is based on a 
lient-server ar
hite
ture, where missing expertise is providedvia outsour
ing to the 
lient side. This work 
onsists of the detail 
ost model for the
lient side (
onsumer) and a business model for a potential software vendor.The 
lient 
ost model allows institutions with limited expertise in data 
uration toassess their 
osts for preserving their digital data. It provides a simple to use methodologythat 
onsiders the individual 
hara
teristi
s of di�erent settings. The 
ost model provideddetailed formulas to 
al
ulate the expenses. It 
overs the life 
y
le 
ost of a digital ar
hiveaddressing the a
quisition of data, bit-stream preservation and logi
al preservation. Themodel supports the detailed 
al
ulation of the expenses for the near future and helps toidentify the 
ost trend in the medium and long run (e.g. 5, 10 or 20 years) of the ar
hive.The 
ost model monetary assesses the user's work, the pur
hases of storage hardwareand other 
osts of preserving a digital 
olle
tion. A �rst 
ase study shows the appli
ationof the model in a small business setting.The server side presents a business model of a potential vendor of automated preser-vation ar
hive software. In business plan analysis the target market, pri
ing poli
ies andgrowth trend for automated preservation solutions.3



KurzfassungImmer mehr Information ist nur no
h elektronis
h vorhanden. Ein Groÿteil davon wirds
hon elektronis
h erzeugt und hat kein analoges Pendant mehr. Die Verfügbarkeit undspezielle die langfriste Verfügbarkeit dieser elektronis
hen Bestände wir für immer mehrUnternehmungen von gröÿten Interesse. Digital Objekte können einen beträ
htli
henWert für das Unternehmen darstellen.Langzeitar
hivierung bes
häftigt si
h mit der Erhaltung der dauerhaften Verfügbarkeitvon digitaler Information. In den Anfängen der Langzeitar
hivierung haben si
h vor allemgröÿere Kulturorganisationen mit diesen Thema bes
häftig und hatten Langzeitar
hivefür ihre Bestände in Betrieb. Mittlerweile steigt die Anzahl von Klein- und Mittelbe-trieben, die für ihre digitalen Objekte Langzeitar
hivlösungen starten oder planen. Einweiterer Trend im Berei
h der Langzeitar
hive geht in Ri
htung Automatisierung vonAufgaben. Das Ziel sind Lösungen die einfa
h zu bedienen sind und wenig Hintergrund-wissen benötigen. Zielpublikum für derartige Lösungen sind Klein- und Mittelbetriebenmit limitieren hausinternen Ressour
en und Expertise.Ein wi
htiger Aspekt für die Langzeitar
hivierung von digitalen Objekten sind dieKosten. Speziell für Langzeitar
hive sind die Kosten für die nä
hsten Jahre aber au
hdie mittel und langfristige Kostenentwi
klung von Interesse. Die Bewertung der Kosten-faktoren für ein Langzeitar
hiv ist eine s
hwierige Aufgabe, da diese teilweise s
hwer zuidenti�zieren bzw. zu bemessen sind. In dieser Arbeit wurde ein Kostenmodell speziellfür automatisierte Langzeitar
hivsysteme entwi
kelt.Das Model basiert auf einer Client-Server Ar
hitektur, bei dem das fehlende Know-howüber Langzeitar
hivierung via Servi
e dem Client zur Verfügung gestellt wird. In dieserArbeit wird ein detailliertes Kostenmodel für Client-Seite präsentiert.Das Kostenmodel erlaubt es Unternehmen mit wenig Erfahrung und Expertise ihreDatenbestände die Kosten einen Langzeitar
hivierungslösung zu bere
hnen. Das Modelist �exibel genug um unters
hiedli
hste Gegebenheiten (vers
hiedene System, Daten undAnforderungen) zu unterstützen. Es bietet aber genug konkrete Vorgaben und detaillierteFormeln um mit messbaren Inputfaktoren eine genau Kostenplanung dur
hzuführen. Eswerden dabei alle Faktoren eines digitalen Objekts in einem Langzeitar
hives berü
k-si
htig. Das Model erlaubt eine detaillierte Kostenbere
hnung für die nähere Zukunftund ermögli
ht die mittlere und langfristige Kostenentwi
klung abzus
hätzen. Das Modelermögli
ht die monetäre Bewertung von Arbeitszeit, Hardwarekosten und andere Kosten-faktoren einen Langzeitar
hives.Für die Serverseite wird ein Businessmodel für einen potentiellen Softwareherstellereines automatis
hen Langzeitar
hives präsentiert. Dabei werden Zielmärkte, Preispolitik,Marktwa
hstum Gewinn und Verlustprognosen analysiert.4
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1. Introdu
tionCosts are an important aspe
t in operating a long term ar
hive. Suitable methodologiesand models are required to 
al
ulate the 
ost for long term � the next 5, 10 or 100 years.The digital information 
reated and managed by institutions is be
oming more impor-tant for the long term, parti
ularly information that is born-digital and has no analogue
ounterpart. Examples are business data, 
onstru
tion drawings, patents or data of
lini
al trials. Digital preservation - ensuring the a

essibility and usability of digitalinformation over time - is be
oming of broader interests for a wide range of institutions.In the early stages of digital preservation mainly heritage institutions (ar
hives, museumand libraries) were dealing with this issue and had preservation systems in pla
e fortheir digital 
olle
tions. Nowadays large organisations and in
reasing numbers of smallinstitutions are starting or planning preservation a
tivities.In
reased e�orts were made in development of small s
ale and automated preservationar
hives in the last years. Institutions with limited in-house resour
es and expertisein digital preservation require solutions for their digital assets. They need solutionsthat are easy to handle without great e�orts. The trend of the developments is towardautomation of digital preservation tasks by using knowledge base or re
ommendationservi
es for de
isions.Digital preservation is a 
omplex 
ontinuous pro
ess 
onsisting of logi
al preservationand bit preservation. Current re
ording media for digital materials are vulnerable todeterioration and 
atastrophi
 loss. More 
hallenging than media deterioration is theproblem of obsoles
en
e in playba
k te
hnology. The rapid innovations in 
omputerhardware and software industry result in new storage produ
ts and methods on a regularbasis. These new produ
ts repla
e the old storage devi
es and media and hardly everprovide fully ba
kwards 
ompatibility.Beside the physi
al obsoles
e the logi
al obsoles
e of the digital data is often negle
ted.The rapid development of �le formats and the strong dependen
y between digital obje
tsand the software environment is be
oming a pressing problem for ar
hiving. Examplesare the periodi
 release of new o�
e software in
luding new formats for o�
e do
uments.Other examples are video �les that require spe
i�
 installed en
oding software to renderthe video information. Digital preservation in
ludes all a
tivities to over
ome the physi
alas well as the logi
al obsoles
e. Prominent preservation strategies are migration (to newerstorage media (bit preservation) or formats (logi
al preservation)) or emulation.An early stage issue of all digital preservation systems are the 
osts. In terms of longterm ar
hives the 
osts of the next few years are of interest for the management andinvestors as well as the 
ost trend in the long term - for the next 25, 50 or 100 years.The total life
y
le 
osts for preserving a digital data 
olle
tion 
onsists of several 
ostfa
tors. Some of them are di�
ult to identify and to break down. It in
ludes for example9



1. Introdu
tionre
urring 
ost for repla
ing storage media after their lifespan or 
ost for migration of thedata 
olle
tion. A 
hallenge parti
ularly for 
osts 
al
ulation for long term preservationis the development of 
ost fa
tors over time. For example, te
hnologi
al progress redu
esthe storage 
osts over time. The data 
olle
tions on the other hand will grow and alsolabour 
osts 
hange over the years. All these developments have to be 
onsidered for apotential 
ost model. Furthermore, the model must 
onsider the 
hara
teristi
s of thedi�erent settings in
luding 
olle
tions and storage media. Storage media for examplehave di�erent life 
y
les. Another 
hallenge for a 
ost model is the quanti�
ation of workdone by the user. The exe
ution of user tasks varies in length depending on the skills ofthe user and the requirements of the setting. A suitable 
ost model needs �exibility to
onsider the di�erent 
hara
teristi
s of given settings.In this master thesis, a 
ost model for automated, small s
ale digital preservationar
hives is designed. The model allows 
al
ulating the total 
ost of ownership of pre-serving a spe
i�
 data 
olle
tion over time. It 
onsiders the individual 
hara
teristi
s of
olle
tions and requirements of the institution.The here presented 
ost model is designed for an automated ar
hiving system thatexe
utes some ar
hiving tasks automati
ally, for example the a
quisition of data or theba
kup of the data on storage media. Furthermore we assume users with limited knowl-edge and expertise in digital ar
hiving and preservation. The system needs to obtain therequired knowledge and expertise from somewhere else (e.g. knowledge database, webservi
e operated by experts). In the model we assume a vendor providing the ar
hingsoftware and the required knowledge as a servi
e. This work in
ludes a 
ost 
al
ulationmodel for the institution that operates operating the ar
hive and a business model for apotential vendor.The Life methodology was taken as a basis for the 
ost model. The Life proje
tis a 
ollaboration between University College London (UCL) Library Servi
es and theBritish Library. It has developed a methodology to 
al
ulate the 
osts of preservingdigital information. The methodology provides a very detailed listing of 
ost items thatapply to digital 
olle
tions throughout their life
y
le. The Life proje
t is fo
used onprofessional environments and large institutions. In this master thesis the 
ost items ofthe Life proje
t were analysed how far they apply to an automated preservation system.Where required the model was extended and adjusted for automated ar
hives used inenvironments with limited knowhow in digital preservation. Moreover the here presented
ost model provides detailed formulas to 
al
ulate the 
ost. It should enable organisationto plan e�e
tively for the preservation of their digital 
olle
tions.The se
ond part of the 
ost model in
ludes a business model for a potential softwarevendor o�ering the ar
hiving software and a knowledge base for long term preservationas a servi
e. The business model identi�es the tasks and the e�ort required to o�er theservi
es for an automated preservation ar
hive. It also presents an analysis of targetmarket, pri
ing poli
ies and growth trends for automated ar
hing solutions. Moreover aloss - pro�t proje
tion is presented for the �rst �ve years.The remainder of this thesis is stru
tured as follows. Chapter 2 points out relateda
tivities and introdu
es the Life methodology. In Se
tion 3 the 
ost items of the Life10



1. Introdu
tionmodel are evaluates to whi
h extend they are appli
able for a small s
ale automatedpreservation system. Based on the analysis of Se
tion 3 the 
ost model is presented inSe
tion 4. It 
onsists of the 
ost 
al
ulation model for user side and a business model fora potential vendor. Two 
ase studies demonstrate the appli
ability of the 
ost model inSe
tion 5. Finally, Se
tion 6 draws the 
on
lusions.The 
ontributions of this thesis are:
• Comparison of 
ost models for digital preservation
• Analysis of appli
ability of the Life methodology for automated preservation ap-proa
hes
• Identi�
ation of 
ost fa
tors for automated long term ar
hives
• De�nition of a detailed 
ost 
al
ulation of the life 
y
le 
ost for preserving a digital
olle
tion
• Providing 
ost 
al
ulation formula that 
an be used with measurable input fa
tors
• Des
ription of a business model for a potential vendor of automated preservationsystem
• Providing a loss-pro�t 
al
ulation showing the expe
ted �nan
ial performan
e ofthe business
• Implementing two 
ase study using the 
ost modelPart of the 
ost model has been presented at the 8th International Conferen
e onPreservation of Digital Obje
ts (IPRES 2011) [39℄.
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2. Related WorkThis 
hapter points out related a
tivities in the �eld of 
ost models and automated digitalpreservation systems. In Se
tion 2.1 the previous e�orts in developing 
ost models fordigital preservation are presented. It shows the origins and the motivation behind thepreliminary work that resulted in the Life methodology. The Life model forms the basisof the here presented 
ost model for automated digital preservation ar
hives.Se
tion 2.2 gives a short introdu
tion of digital preservation and the 
urrent develop-ments in this area. It also presents related a
tivities in the area of automated ar
hivesystems.2.1. Cost modelsA �rst study on 
osts of digital preservation was done by Tony Hendley in 1998 [19℄.The study was sponsored by the British Library and JISC. It provided a �rst dis
ussionabout 
ost of digital preservation aside storage 
ost issues that was dominant at thattime. In the study a list of data types was de�ned and a de
ision model for appropriatepreservation methods for the data types was introdu
ed. The proposed 
ost model de-�ned the 
ost items of seven modules (
reation, sele
tion/evaluation, data management,resour
e dis
losure, data use, data preservation and data use/rights). The 
osts itemsare des
ribed and dis
ussed in the report but not quanti�ed. A study applying the 
oststru
ture to various data types (su
h as data sets, stru
tured texts and o�
e do
uments)is presented in the study.In 1999 Kevin Ashley published an arti
le at the DLM Forum'99 about 
osts involvedin digital preservation [1℄. The arti
le stated that the primary in�uen
es for the 
ost arethe a
tivities in the ar
hive (su
h as a
quisition, preservation and a

ess) rather than thequantity of the data.An arti
le about 
osts fo
used on logi
al preservation was published in 2000 by StewartGranger [18℄. He identi�ed three main aspe
ts determining 
osts of an ar
hive: 
ontent,data types & formats; a

ess and authority & 
ontrol. The more these aspe
ts are
omplex, the more expensive they are. The report provided a �rst analyse of 
onne
tionbetween the 
osts of digital preservation and the OAIS model [25℄.In [10℄ a 
omparison of pri
ing of two repositories is presented. The Harvard UniversityLibrary and the Online Computer Library Center, In
. (OCLC) o�er long-term reposito-ries for library 
olle
tions. The arti
le examines pri
ing of storing 
omparable 
olle
tionsin analogue format at Harvard and in digital form at OCLC. The study fo
uses on thea
tual physi
al storage 
osts and leaves out the 
ost of the servi
e required for long termpreservation (su
h as ensuring logi
al usability of digital obje
ts).12



2. Related WorkThe ERPANET Proje
t published a "
ost orientation tool" for digital preservation [16℄.It identi�ed a list of 
osts fa
tors that should be taken into 
onsideration for digitalpreservation proje
ts. The fa
tors are arranged around people, digital obje
ts, laws andpoli
ies, standards, methods and pra
ti
es, te
hnology and systems, and organisation.The fa
tors are dis
ussed in the report but not 
al
ulation is provided.Within the InterPARES 11 proje
t a good overview about 
osts models in digitalpreservation was published by Shelby Sanett in [34℄. Based on a preservation pro
essmodel of InterPARES a 
ost model was developed. The 
osts were organised a

ording tothree 
ategories: 
osts of preserving ele
troni
 re
ords, 
ost for use and user populations.The model strongly fo
uses on digital re
ords and provided a stru
ture of 
osts itemsrather than a 
al
ulation model. The report strongly re
ommends the use of �nan
ialmanagement tools for de
ision making. Hen
e, in Se
tion 4.4 of this thesis a businessmodel is used to 
al
ulate the potential pro�tability of a software vendor for a automatedpreservation solution.A 
omparison between emulation and migration with respe
t to the life 
y
le manage-ment and asso
iated 
ost was done by Erik Oltmans form the National Library of theNetherlands [30℄. The 
omparison is rather simpli�ed. The 
on
lusion that emulationsis more 
ost-e�e
tive in 
ases of larger 
olle
tions, is not universally valid and ignoresmany aspe
ts of digital preservation (su
h as requirements of spe
i�
 settings).Real world studies on 
osts of digital preservation were 
ondu
ted by the NationalAr
hive of the Netherlands within Digitale Bewaring Proje
t in 2005 [29℄. Based onTestbed studies 
ost indi
ators whi
h in�uen
e the total 
osts of preservation were iden-ti�ed. The studies were fo
used on large ar
hives of government agen
ies. A �rst 
om-putational model was prepared in form of an Ex
el spreadsheet.A study about the 
osts for preserving resear
h data in UK universities were 
ondu
tedwithin the Keeping resear
h data safe proje
t. A series of 
ase studies was exe
uted in-volving Cambridge University, King's College London, Southampton University, and theAr
haeology Data Servi
e at York University [3℄. A framework and guidan
e for deter-mining 
osts was developed [4℄. The model strongly fo
uses on institutional ar
hiving ofresear
h data. The results 
annot be dire
tly used in the 
ost model for automated sys-tems. In the 
ondu
ted 
ase studies a number of real life data about digital preservationwere 
aptured. These data helped to spe
ify the model variables of the here presented
ost model (see Se
tion 4.3).A di�erent view is provides by the Blue Ribbon Task For
e report [7℄. It analysede
onomi
 questionability in the 
ontext of digital preservation. The report provides abroader view of value, in
entive and roles and responsibilities of shareholders in long-term preservation. The report does not provide quantitative a

ounting of 
osts, butanalyses the value, bene�ts, risks, funding and responsibilities in digital preservation
ontext from an e
onomi
al point of view. It provides high level re
ommendation forsustainable digital preservation for di�erent s
enarios.The Life proje
t2 is a 
ollaboration between University College London (UCL) and the1http://www.interpares.org2http://www.life.a
.uk 13
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Figure 2.1.: Life1 model [28℄British Library. The aim of the proje
t is the development of a methodology to modeland 
al
ulation the 
osts of preserving digital information for the next 5, 10 or 20 years.Within the Life proje
t Watson published a review of existing life
y
le models and digitalpreservation [43℄. The review is fo
used on library se
tor and forms the basis for the Lifemethodology.The Life proje
t 
onsists of three phases. The �rst phase (Life1) of the proje
t ran from2005 to 2006. Based on the review [43℄ a �rst version of the Life model was developed [28℄.The model breaks the 
osts down into six main life
y
le 
ategories as shown in Figure 2.1.Ea
h of the 
ategories 
onsist more detailed 
ost elements. The model was applied tothree real world 
ase studies: the Voluntarily Deposited Ele
troni
 Publi
ations at theBritish Library, the British Library's Web Ar
hiving a
tivities and the e-journals at UCL.In the �rst phase of the Life proje
t a generi
 Life preservation model was developed forestimating the preservation 
osts of a digital obje
ts in more detail (des
ribed in Chapter8 of Life1 proje
t report [28℄). The generi
 model provides formula for te
hnology wat
h,preservation tool 
osts, preservation metadata, preservation a
tion and quality assuran
e.In the se
ond phase of the proje
t the model was validated by an e
onomi
 review [6℄.Based on feedba
k re
eived on Life1 and the e
onomi
 review an updated version of theLife 
ost model (Life Model v2) was published [2℄. The elements were des
ribed in moredetail and sub-elements were suggested. The Life Model v2 was taken as a basis forthe here presented 
ost model (as des
ribed in Chapter 4). The stru
ture and the 
ostelements of the Life Model v2 are shown in Figure 3.1. The re
ommendations from thee
onomi
 review were 
onsidered in this work for example the handling of in�ation fordi�erent goods (e.g. wages, media). The generi
 model was also revised in the se
ondphase. It is des
ribed in [2℄. The generi
 model was used as guidan
e for the formula ofthe 
ost model provided in Chapter 4. In 2009 the third phase of the Life proje
t started.The aim is the development of a predi
tive 
osting tool [20℄.A 
omparison of the 
ost models is provided in Figure 2.2. The 
riteria for the 
om-parison are
14
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Figure 2.2.: Comparison of 
ost models
• Identi�
ation of 
ost itemsDe�nition in
luding a des
ription of the 
ost items. Other models only provide adis
ussion about in�uen
e fa
tors.
• Stru
ture of 
ost itemsProviding a strutted view of the 
ost items in
luding a break down into more detailitems.
• OAIS-related
• Quanti�
ation of 
ostProvides formulas to quantify the 
osts.
• Case studies with empiri
al dataAppli
ation of the model on real world s
enarios.Most of the models presented in this se
tion have a spe
ial fo
us (either do
umentsor institutions (library, ar
hive, et
.). They are not easy universally appli
able. In this
ontext, the life model provides the very high degree of wide-ranging appli
ability.Moreover, the the models do not systemati
ally di�erentiate the stru
ture of the 
osts(software, e�ort, pur
hase) and the 
ots fa
tors (that in�uen
e the 
osts). The life modelprovides a 
lear stru
ture of 
ost items and well-de�ned boundaries of the model.Figure 2.3 shows a 
omparison of the stru
ture of the 
ost model. It shows that the Lifemodel and the Keeping resear
h data save are the most extensive ones. It also indi
atesthe trend towards an a
tivity based stru
ture. Ashley, the 
ost orientation tool and theBewaring proje
t have a stru
ture that represents the institutional view of preserving.For example the sta� and the data are represents as single elements. By 
ontrast, thestru
ture of the Life and Keeping model represent the a
tivities of preserving a data
olle
tion.The Life model represents 
urrently the most highly developed 
ost model for digitalpreservation systems. It is in�uen
ed by the former 
ost models that are presented in thisse
tion. It provides a 
lear stru
ture and a generi
 model that supports di�erent settings.It provides a high level of details with 
lear de�ned sub-elements. Its appli
ability isshown in 
ase studies in di�erent settings. For all these reasons, we used the Life modelv2 as basis for the here presented 
ost model.The 
ost model presented in this work 
onsists of two parts, the 
lient side or host in-15
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Figure 2.3.: Comparison of stru
tures of the 
ost modelsstitution that holds the digital 
ontent to be preserved and the server side that representsa potential vendor of an automated ar
hive software system. The Life Model v2 formsthe basis for the 
ost model for the 
lient side. At the vendor side we need a di�erentapproa
h. We use parts of a business model to des
ribe the key fa
ts for a potentialbusiness. The server side is des
ribed in Se
tion 4.4. In re
ent years substantial e�ortwas invested into resear
h on business models. A great number of papers were publishedin a
ademi
 journals dealing with business models. A 
omprehensive review of the exist-ing literature was done in [26℄. It 
ame to realize that s
holars do not agree on what abusiness model is. There is no 
ommon 
on
ept or de�nition of a business model. In [44℄existing business models were 
onsolidated and a framework to 
lassify business modelswas de�ned, but it does not really de�ne the 
ontent of business model. Due to the la
kof a 
onsistent de�nition of business model we use the de�nition of Timmers 1998 [41℄in this work, 'An ar
hite
ture for the produ
t, servi
e and information �ows, in
ludinga des
ription of the various business a
tors and their roles'.In our work we use a business model to des
ribe the 
ore aspe
ts of a potential businessproviding an automated software preservation solution. We will not provide a 
ompletebusiness model for an enterprise. This work only des
ribes parts of a business model thatare immediate related to the long term preservation solution (see Se
tion 4.4).In this work we use the 
on
ept of total 
ost of ownership (TOC) [11℄ to measure the
osts of the preservation system. TCO analysis was made known by the Gartner Group3.TCO is the sum of all 
osts over the life of a information system [36℄. The total 
ost ofownership 
al
ulation is designed to assess both dire
t and indire
t 
osts of the pur
haseof a 
omponent. The intention is to arrive at a �nal �gure that will re�e
t the e�e
tive
osts of a produ
t. TCO analysis performs 
al
ulations on extend 
osts for any pur
haseand 
an also be referred to as fully burdened 
osts, for example it 
an in
lude 
osts ofpur
hase, repairs, maintenan
e, upgrade, servi
e, administrative 
osts and repla
ement3http://www.gartner.
om 16
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osts. TCO is widely a

epted in di�erent areas and used as 
ost management tools formanagement de
isions [15℄. Espe
ially in the IT, TCO has be
ome has be
ome greatimportan
e [12℄. It is often used to assess the e�e
tiveness of an organization's IT. It isvery well suited for assessing the life 
y
le 
ots of information system. For this reason,we use the 
on
ept of TCO to 
al
ulate the 
osts of a digital preservation system.2.2. Automated digital preservation systemsA number of resear
h initiatives have emerged in the last de
ade in the �eld of digitalpreservation, mainly 
arried out by memory institutions. So far the resear
h on digi-tal preservation was fo
used on the development of models, modules and systems forprofessional environments that are operated by experts. Common standards and frame-works were developed su
h as the OAIS [25℄ model, TRAC [40℄ and the Premis Metadatastandard [33℄. Tools and framework to support digital preservation were implementedfor example for �le format identi�
ation (DROID4) and 
hara
terisation (JHOVE5). Aframework example is the Planets Suite6 
osting of a preservation planning tool (Plato), aTestbed for experiments and an Interoperability Framework providing a

ess to softwareservi
es su
h as authenti
ation, or
hestration, data and metadata management.Moreover digital repositories were developed, su
h as Fedora Commons7 and DSpa
e8.These repositories provide a huge fun
tion range, but require 
onsiderable knowledgefor 
on�guration and usage. The overhead of fun
tion and 
on�guration make thesesystems unsuitable for institutions with limited knowledge in data management. Theinnate support of these systems for logi
al preservation is limited. Considerable e�ortof integration and development would be ne
essary to provide long term preservationfun
tionality for a 
olle
tion. Another repository su
h as the e-Depot [31℄, developed byKB and IBM fo
us on ele
troni
 publi
ations and is also developed for use in professionalsettings.Automation of preservation pro
esses has been identi�ed as one of the great 
hallengeswithin the �eld of digital preservation (in the DPE roadmap [14℄ or the Dagstuhl seminaron "Automation in Digital Preservation"9). A few proje
ts have already addressed theautomation of 
omponents of a preservation ar
hive.The CRIB proje
t [17℄ for example has developed a Servi
e Oriented Ar
hite
tureimplementing automated migration support. The digital obje
ts are transferred to aserver infrastru
ture and migrated obje
ts are returned. The a
tual migrations of theobje
ts are exe
uted on the server side. CRIB is integrated into the RODA repository10.The Pani
 Proje
t [21℄ developed a framework to dynami
ally dis
over suitable preser-vation strategies. Pani
 uses semanti
 web te
hnologies to make preservation software4http://sour
eforge.net/proje
ts/droid5http://hul.harvard.edu/jhove6http://planets-suite.sour
eforge.net7http://www.fedora-
ommons.org8http://www.dspa
e.org9http://www.dagstuhl.de/1029110http://roda.di.uminho.pt 17



2. Related Workmodules available as Web servi
es. The system is designed for large-s
ale repositoriesthat implement the required servi
es invoker. Pani
 uses external web servi
es witha
tual data similar to the CRIB proje
t.The PreS
an system [27℄ automati
ally extra
ts embedded metadata from digital ob-je
ts. The system s
ans obje
ts on a hard dis
 and manages their metadata in an externalrepository that supports Semanti
 Web te
hnologies. The metadata 
ould be used to im-plement digital preservation support.The Hoppla ar
hive [37℄ provides a (semi-) automated preservation ar
hive for smallinstitutions. The system 
ombines ba
k-up and fully automated migration servi
es. Hop-pla is fo
us on environments with limited expertise and resour
es for digital preservation.It hides the te
hni
al 
omplexity of digital preservation 
hallenges and provides simpleand automated servi
es based on established best pra
ti
e examples.Figure 2.4 shows the basi
 ar
hite
ture of the Hoppla system, the ar
hite
ture is in-�uen
ed by the OAIS referen
e model [25℄. The 
on
ept and the design of Hoppla arepresented in more detail in [37℄. It uses a 
lient/server ar
hite
ture, where the missingknowledge and expertise in digital preservation is transferred to the 
lient side via anupdate servi
e. The update servi
e provides for example migration re
ommendation andtools. The servi
e side is operated by experts.The 
lient side provides a high degree of automation for a wide set of fun
tions ofthe ar
hive. It in
ludes automated a
quisition, ingest, data managers, preservation man-agement (in
luding update servi
e) and storage. Hoppla provides automated migration
apabilities that are des
ribed in more detail in [38℄. Due to the wide fun
tional range ofthe system and the high degree of automation we de
ided to take Hoppla as a referen
esystem for an automated ar
hiving system for the 
ost model in this thesis. Still, the
ost model is not limited for preservation a
tivities using the Hoppla ar
hiving system.

18
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Figure 2.4.: Hoppla ar
hite
ture

19



3. Life Cost Items applied to AutomatedAr
hiving SystemsIn this 
hapter the 
ost items of the Life methodology are analysed to whi
h extent theyare appli
able for a small s
ale automated preservation system. As the Life model isdesigned on a generi
 level not all of the 
ost item are relevant for a automated system.Moreover not all 
ost items that are appli
able to su
h a system a
tually in
ur 
osts asthe system automates lots of a
tivities listed in the Life model (e.g. obtaining of dataor a

ess provision). We use the Life Model v2 in this thesis a des
ription of the modeland the 
ost item 
an be found in [2℄. The 
ost elements of the model are shown inFigure 3.1.Based on the work in this 
hapter a detailed 
ost model is developed and presented inChapter 4. In terms of the model few assumptions and 
onditions have to be spe
i�edwith respe
t to s
alability, li
ensing and rights issues. The detailed assumptions arepresented in Se
tion 4.1. One of the assumptions is the outsour
ing of expertise andknowledge in digital preservation. We use an update servi
e model similar to anti-virussoftware. The knowledge base and software modules on the 
lient side are updated usinga web servi
e. We assume a 
ommer
ial provider that is operating the update servi
e.The 
lient side is 
harged for the servi
e in the form of a servi
e fee. The Hoppla updateme
hanism as des
ribed in [38℄ is used as referen
e system for the update servi
e.All assumptions de�ned in Se
tion 4.1 are 
onsidered for the work in this 
hapter. Inthe following the 
ost items of Life model are listed and the usability and appli
abilityfor the 
ost 
al
ulation of automated system is dis
ussed. The 
ost items are analysedwhether they apply to the 
lient side or the server side of the system model. Moreoverthe a
tivities are determined whether they are exe
uted by an automated ar
hive systemor they need to be done by the user. A more detailed des
ription of the 
ost items thatare relevant for automated ar
hiving system is given in Chapter 4 within the 
ost model.For all 
ost items of the Life methodology we determine whether they are
• not appli
able/relevant for an automated system [NR℄ or
• no 
osts in
ur as the a
tivity is exe
uted by the ar
hive system [NC℄ or
• user task or pur
hasing that need to be 
onsidered in the 
ost model [CM℄. Wefurther distinguish between the 
lient side [CM/C℄ and the server side [CM/S℄.3.1. A
quisitionThe a
quisition is the initial stage of a
quiring and pro
essing digital obje
ts before theyare ingested into the repository. 20
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hiving Systems

Figure 3.1.: Life2 Model [2℄3.1.1. Sele
tion
• Sele
tion Poli
y (poli
y/pro
edure) & Sele
tion (a
tion) [CM/C℄The sele
tion poli
ies as well as the sele
tion of the 
ontent to be preserved needs tobe done by the user. The sele
tion 
an be supported by �lter 
riteria and heuristi
sthat are de�ned in a sele
tion poli
y.
• Sele
tion Metadata (metadata) [NC℄Metadata is a key 
omponent for ar
hival repositories. Metadata help the user to�nd the obje
ts in the 
olle
tion and to understand the 
ontent and the 
ontext ofthe obje
ts. The more useful metadata about an obje
t exist, the more valuablethe obje
ts are for the user.The manual assignment of metadata is a time 
onsuming and expensive a
tivity.Automated preservation tries to 
olle
t as many metadata as available about theobje
ts. Hen
e, no sele
tion of metadata is required for automated ar
hiving sys-tems 
apture. They usually 
olle
t all available metadata or have a prede�nedsele
tion of the metadata. No expenses to be in
urred.3.1.2. Submission Agreement [NR℄Based on the assumption as de�ned in Se
tion 4.1 the operator of the ar
hives owns the
ontent. Submission agreements are not appli
able for the setting.
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3. Life Cost Items applied to Automated Ar
hiving Systems3.1.3. IPR & Li
ensing [NR℄We are working on the assumption that the institutions holds the rights and li
enses toar
hive the 
ontent. Most of the 
ontent of the institutions that is relevant for long termpreservation is self made.For foreign 
ontent, we assume that the institution has the right to ar
hive the 
ontentin
luding pro
essing, manipulating (for example migration) and storing the obje
ts (asspe
i�ed in Se
tion 4.1).IPR & Li
ensing is out of s
ope of this 
ost model and will not further 
onsidered.3.1.4. Ordering and Invoi
ing [NR℄We pro
eed on the assumption that the ar
hives do have only internal 
onsumers (fromthe own institutions). Ordering and invoi
ing is out of the s
ope of this 
ost model.3.1.5. Obtaining [NR℄The obtaining pro
ess (transporting digital obje
t from the sour
e to the organisation)is implemented by the ar
hiving system as part of the a
quisition. Transport 
osts (su
has internet 
osts for e-mail sour
es or web 
rawls) are not 
onsidered as they are usuallypayed as �at rate for the everyday business. Most of the sour
es are operated at thesame lo
ation as the ar
hive systems.3.1.6. Che
k-in [NC℄The veri�
ation of the 
ontent is done by the ar
hiving software, for example �xity 
he
kif available. No expenses to be in
urred.3.2. IngestIngest analyses the obje
ts and extra
ts metadata before they are stored in the ar
hive.3.2.1. Quality Assuran
e [CM/C℄The Quality Assuran
e (QA) of the 
ontent is automati
ally done by the ar
hive software.External servi
es (su
h as anti virus or validation servi
es) 
an be integrated into thear
hival software to perform QA.Settings with spe
ial requirements for the Quality Assuran
e 
an need the use individ-ual 
ustomised software modules to provide support for spe
i�
 obje
ts. The integrationwill be done upon request and will be 
onsidered as 
ustomisation 
osts in the 
ost model.A basi
 version for the Quality Assuran
e is implemented in the ar
hival software, newor adopted tools and modules 
an be integrated via 
ustomisation requests.The following a
tions are part of the QA:
22
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• QA Chara
terisation (a
tion) - e.g. identi�
ation of the format, validation of theformat
• Content Examination (a
tion) - Assessment of whether the 
ontent is of an expe
tedagreed level of quality (usually not used in automated system, typi
ally manualpro
ess in ar
hives with strong submission requirement)
• Mitigation (a
tion) - mitigate quality issues e.g. virus 
leaning, reformatting3.2.2. Metadata [CM/C℄A 
ommon approa
h of automated ar
hiving systems is to 
olle
t as many metadata aspossible. A number of servi
es 
an be used to generate metadata (e.g. format identi�
a-tion, 
hara
terisation servi
es). Similar to the Quality Assuran
es servi
es the metadatageneration 
an be improved by additional servi
es (e.g. support for spe
i�
 formats by
ommer
ial produ
ts). They have to be integrated upon 
ustomisation request. It willbe 
onsidered in the 
ost model. Metadata servi
es 
an be used for,
• File Format identi�
ation (a
tion)
• File Format Validation and Integrity Che
k (a
tion)
• Metadata Extra
tion and Re
oding (metadata)Additional metadata 
an be assigned by the users. Manually assigned metadata 
an bevery useful for later retrieval and understanding the obje
t. The metadata assignment isan optional 
ost item as this a
tivity is not mandatory, but will be 
onsidered in the 
ostmodel (Metadata Creation (metadata) in the Life model). The re
ord of the metadata(The Re
ord Event Metadata 
ost item of the Life model) is automati
ally done by thear
hive software.3.2.3. Deposit [NC℄Deposit is the pro
ess of 
ommitting the digital obje
t to the repository. This task isdone by ar
hive software. A pre-sele
tion of the 
ontent 
an be performed based on thesele
tion poli
ies (e.g. �ltering). The deposit metadata are re
orded by the software and
ause no extra 
osts.3.2.4. Holdings Update [CM/C℄The update is a periodi
al s
heduled a
tivity. The update interval is de�ned by the user.The a
tivity in
ludes start of the update, monitoring and 
ontrol. It requires labourinput of user and is 
onsidered in the 
ost model.3.2.5. Referen
e Linking [NC℄The referen
es in
ludes information that are used in the system for fa
ilitation the �nd-ing of digital obje
ts (for example sear
h indi
es). These referen
es are 
reated andmaintained by the software, no user input is required.23



3. Life Cost Items applied to Automated Ar
hiving Systems3.3. Bit-stream PreservationBit-stream Preservation is responsible for the physi
al storage and maintenan
e of thedigital obje
ts over time.3.3.1. Repository Administration
• System Te
hnology Wat
h (a
tion) [NC℄The System Te
hnology Wat
h fun
tion in automated preservation systems fo
useson the storage media of the system. Where possible the wat
h servi
e is supportedby modules that monitor the te
hni
al 
ondition of hardware and storage media(e.g. using SMART (Self-Monitoring, Analysis, and Reporting Te
hnology) toolsfor hard dis
s.In order to avoid data loss due to obsolete hardware and hardware errors preser-vation systems periodi
ally migrate storage media (repla
ement of older storagemedia by new ones). The migration is usually based on the expe
ted life time ofspe
i�
 hardware. The expe
ted life time is either de�ned by the user or prede�nedbased on expertise and estimations. Ex
eeding the expe
ted life time or reportedhardware errors (e.g. from SMART tools) lead to refreshment of storage media.Refreshment is a separate 
ost item of the Life model that is des
ribed below. Thea
tual 
osts of the new storage media are 
aptured in storage provision.Amongst the storage media the host system is part of the system monitoring. Thear
hiving system 
an, for example, monitor the operating system and the softwarerunning environment of the host system. With some te
hni
al e�ort the system
ould also monitor the hardware 
omponents of the host system. As we assume thatsmall institutions do not have a dedi
ated preservation system (see Se
tion 4.1),we will not 
onsider the monitoring of the hardware of the host system in the 
ostmodel (ex
ept of the storage media used by the ar
hiving system). The monitoring,maintenan
e and update of the hardware and the software of the host system has tobe 
onsidered outside of this model. We further assume that the te
hnology wat
hservi
es for the storage media on the 
lient side is fully automated and implementedin the software. It 
auses not additional 
osts. The a

ruing 
osts of a
tions triggedby the wat
h series are 
overed by other 
ost items (e.g. refreshment and storageprovision).
• System Se
urity (a
tion) [NC℄Software se
urity me
hanisms of data su
h as en
ryption are very problemati
 inthe long run. There are two s
enarios that illustrate the unforeseeable risk of usingsoftware se
urity me
hanisms.First there is a high probability of losing the key to de
rypt the data or even losingthe de
ryption algorithm for the data. It results in an en
iphered data 
hunk that
annot be de
rypted. The se
ond issue is the se
urity of 
urrent en
ryption methodin 5, 10 or 20 years. Due to 
ontinuing in
rease in 
omputation power of 
omputersand improved atta
k methods and algorithm the se
ureness of 
urrent en
ryptionalgorithm 
annot be guarantee in the long run. Both s
enarios demonstrate the24



3. Life Cost Items applied to Automated Ar
hiving Systemsrisk of using software se
urity methods for long term preservation.Thus most of the long term preservation systems do not implement en
ryptionmethods for the data. The se
urity of the data has to be established by physi
alprote
tion of the storage media. The physi
al se
urity of the storage media is in
harge of the user and will not be 
onsidered in this 
ost model. We assume thatpotential software se
urity me
hanisms are fully automated in the ar
hiving systemand 
ause no additional 
osts.
• Statisti
s and Reporting (a
tion) [NC℄Re
ording and reporting of statisti
 is implemented in the ar
hing system and
auses no additional 
osts.
• Disaster Re
overy Planning (a
tion) [CM/C℄The 
ommon disaster re
overy strategy of ar
hives is a 
opy of the repository onan alternative lo
ation. An alternative lo
ation 
an be online (e.g. online storage)or an o�site lo
ation (e.g. safe deposit box). The 
osts for the o�-side 
opy of therepository are 
onsidered in the 
ost model. A 
opy of the ar
hive software shouldbe also available at the alternative lo
ation.The disaster re
overy of the infrastru
ture (e.g. 
omputers, internet 
onne
tion) isnot a fo
us of long term preservation and this work. It is not 
overed in the 
ostmodel.
• Manage Dupli
ate Storage (a
tion) [NC℄Dupli
ated storages are native supported by long term ar
hives and managed bythe software automati
ally. The 
ost for the additional storage is in
luded in thestorage hardware 
ost item.
• Storage Pro
urement (a
tion) [CM/C℄The storage pro
urement has to be done by the user. The pro
urement is 
onsideredin the 
ost model.3.3.2. Storage Provision [CM/C℄
• Storage Hardware (te
hnology)It 
overs the hardware to store the 
olle
tion. The storage hardware is a main 
ostitem of long term preservation ar
hives.
• Storage Maintenan
e and Support (a
tion)The target user groups of automated ar
hives tend not to have maintenan
e andsupport 
ontra
ts for their storages hardware, but it will be 
onsidered as an op-tional 
ost item in the 
ost model.3.3.3. Refreshment [CM/C℄
• Refreshment (a
tion)The 
al
ulation of storage hardware refreshment (hardware migration) is a mainaspe
t of the 
ost model on the 
lient side.
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3. Life Cost Items applied to Automated Ar
hiving Systems3.3.4. Ba
kup
• Ba
kup Pro
edure (poli
y/pro
edure) [CM/C℄The ba
kup pro
edure is guided by ba
kup poli
y. The poli
y is set by the userand is reviewed every year (adjusted a

ording the requirements of the users). Theba
kup pro
edure is implemented in the ar
hive software.
• Ba
kup (a
tion) [CM/C℄The ba
kup is exe
uted by the software. The ba
kup pro
ess is a 
riti
al a
tivity.The out
ome needs to be analysed by the user (e.g. reports and error logs). Theworking time for monitoring of the ba
kup pro
ess is 
overed in the 
ost model.
• Re
overy [NC℄The re
overy pro
edure is supported by the software (re
overy of singe �les or
omplete sour
es). Re
overy of old data is required on a irregular basis. There
overy e�ort depends on a
tual settings a�e
ted by many fa
tors, e.g. extent ofdamage on the data sour
e, number of obje
ts to re
over, storage media, supportof the ar
hival software. Due the 
omplexity and unpredi
tability of re
overy, we
annot provide any reliable statements or formula to 
al
ulate the 
osts on the
lient side. Thus, the re
overy 
osts are ex
luded from the 
ost model.3.3.5. Inspe
tion
• Fixity Audit (a
tion) [NC℄The automated auditing of stored obje
ts on storage media is done by the softwareon a regular basis. An in
rease of reported errors would lead to a refreshment ofthe storage media. The 
osts are 
overed by storage refreshment 
ost item.
• Manual Inspe
tion (a
tion) [NR℄A manual inspe
tion is not foreseen in 
on
ept of automated preservation system.It is not 
onsidered in the 
ost model.Nevertheless most ar
hiving systems will usually allow manual inspe
tion of thestored obje
ts. Hen
e the hardware migration 
an be trigged by user.
• Inspe
tion Metadata (metadata) [NC℄The inspe
tion of the metadata is part of the automated auditing of the storedobje
ts. It 
auses no additional 
osts.3.4. Content PreservationThe Content Preservation is responsible for logi
al preservation of the 
olle
tion.3.4.1. Preservation Wat
h
• Te
hnology Wat
h (a
tion) [CM/S℄The Te
hnology Wat
h in
ludes monitoring of the development of formats, render-ing tools and te
hnologi
al environments. This task is needed to be exe
uted byexperts in the domain of digital preservation. The results of the monitoring form26



3. Life Cost Items applied to Automated Ar
hiving Systemsthe basis for a knowledge database that is used for preservation de
isions. It is oneof the 
ore tasks for the update-servi
e provider. The monitoring of te
hnologi
al
hanges is the 
onsidered as 
ost item on the server side of the 
ost model.
• Monitor Institution (a
tion) & Monitor User Community (a
tion) & Monitor Pro-du
er (a
tion) [NC℄In target intuitions of automated preservation solutions all three roles (institution,produ
er or user) are usually represented by one a
tor. Capturing and monitoringof the requirements and the environment of user and the ar
hive is a very 
hal-lenging task for automated ar
hives. We assume users with limited knowhow andexpertise in digital preservation (see Se
tion 4.1). The requirements are usuallysele
ted by the user via prede�ned pro�les. The pro�les represent standard usersand settings. They in
lude for example pre-de�ned 
on�guration and poli
es. Theuser 
an easily adjust the prede�ned pro�les with limited e�ort. The monitoringa
tivities should be implemented by the software. All a
tivities 
onsidered moni-toring institution, user and produ
er should be automated in the ar
hiving system.No 
osts are 
onsidered in the 
ost model.
• Re
ord Planning Requirements (metadata) [NC℄The information gathered by te
hnology wat
h and monitoring a
tivities are used asplanning requirements for the 
olle
tions. Moreover, usage statisti
s of the ar
hive
an also help to determine planning requirements. All planning requirements areautomati
ally 
olle
ted by the ar
hive software. No 
osts are 
onsidered.3.4.2. Preservation Planning
• Preservation Planning (a
tion) [CM/S℄Preservation Planning is a 
ore a
tivity of the update servi
e. It is a very time
onsuming a
tivity and requires expertise and input from experts from di�erentdomains. Planning builds the basis for the update servi
es of the server side. Theautomation of the planning for individual 
olle
tions with spe
i�
 requirements is
hallenging task [5℄. It is 
onsidered as 
ost item on the server side of the 
ostmodel.
• Update Preservation Metadata (metadata) [NC℄Preservation metadata are managed by the ar
hive software. The update pro
ess
auses no additional 
osts.3.4.3. Preservation A
tion
• Integrate new preservation solution (a
tion) [CM/C℄The basi
 version of automated preservation ar
hives should implement a set of
ost free preservation solutions. We assume a servi
e model for the automatedar
hiving system (see Chapter 4.1). The update of free preservation solutions isdone by an update servi
e model. The 
osts 
overed by a software servi
e fee thatthe user have to pay on a regular basis (e.g. monthly). The software 
osts aredis
ussed in Se
tion 3.6. 27



3. Life Cost Items applied to Automated Ar
hiving SystemsFor settings with spe
ial preservation requirements (highest quality, best resolutionor a spe
i�
 output format due to legal requirements) it 
an be ne
essary to provideindividual preservation solutions. In this 
ase 
ustomisation of the preservationservi
e has to be done. The 
ustomisation of preservation solution is part of the
ost model.
• Perform Preservation A
tion (a
tion) [NC℄The preservation a
tion is performed by the system autonomous.
• QA Preservation A
tion (a
tion) [CM/C℄The Quality Assuran
e (QA) of performed migration is supported by the ar
hivesoftware. A basi
 version is implemented in the ar
hiving system. It usually usesfree software tools and modules for this task. As the free tool support for QA islimited, 
ommer
ial produ
ts 
an support the veri�
ation of the migrations. The
ost of the software strongly depends on the obje
ts and the QA requirements of thespe
i�
 setting. In 
ertain 
ases the software need to be 
ustomised to support theveri�
ation. The integration of spe
i�
 quality assuran
e me
hanisms is 
onsideredin the 
ost model. In all setting the output of the quality assuran
e need to analyseby the user (e.g. error logs). The e�ort is 
aptured in the 
ost model.
• Re
ord Preservation A
tion Metadata (metadata) [NC℄All metadata are managed by the ar
hival software and 
auses no additional 
osts.3.4.4. Re-ingest [NC℄The re-ingest work�ow is exe
uted by the software and no user input is required.3.4.5. Disposal [CM/C℄Disposal represents the removal of digital obje
ts from the repository that are no longerneeded. It 
an be used to redu
e the storage usage, e.g. the disposal of an older versionwhen many versions of an obje
t are available. Legal obligations 
an also require thedisposal of obje
t from 
olle
tion. The disposal of digital obje
ts strongly depends onthe individual 
olle
tion and the setting. The disposal is an optional 
ost item in the
ost model.3.5. A

essA

ess represents all the pro
ess of providing a

ess to the digital obje
ts in the ar
hivefor the user.3.5.1. A

ess Provision [NC℄A

ess provision is implemented by the ar
hive software. It 
auses no additional 
osts.
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3. Life Cost Items applied to Automated Ar
hiving Systems3.5.2. A

ess Control [NR℄The physi
al a

ess 
ontrol is in 
harge of the user and will not be 
onsidered in this 
ostmodel. Software based a

ess 
ontrol (e.g. en
ryptions) is usually not implemented tothe unforeseeable risk in the long run (see System Se
urity of Repository Administrationin Se
tion 3.3.1).3.5.3. User Support [CM/S℄A user support is provided by the update servi
e provider. It is 
onsidered on the serverside of the 
ost model.3.6. SummaryIn this 
hapter the 
ost items of the Life model v2 were analysed in how far they areappli
able for small s
ale automated preservation system. As the Life model is designedon a generi
 level not all of the 
ost item are relevant for an automated system. Moreovernot all 
ost items that are appli
able to su
h a system a
tually in
ur dire
t 
osts as thesystem automates lots of a
tivities listed in the Life model (e.g. obtaining of data ora

ess provision). The analysis forms the basis for the 
ost model des
ribed in Chap-ter 4. We determined whether the 
ost items 
auses 
osts, are automati
ally exe
utedby the software or not appli
able. We further distinguish between 
osts on the 
lient orserver side and optional or mandatory 
osts items. The result of this work is shown inFigure 3.2. In work some assumptions and 
onditions have to be spe
i�ed with respe
tto environment, the data and the ar
hiving system. Some assumption have been alreadydis
uses in this 
hapter. The summary of all underlying assumption are presented inSe
tion 4.1.Other 
ost models were also analysed how far the support automated ar
hiving systemand whether all expenses are 
overed by the Life methodology. As a result of this work,the 
ost model was extended by the 
osts for the ar
hiving software. As we assume amodel with a software vendor providing an update and maintained servi
e for the 
lientsoftware, the expenses for the software were identi�ed as essential for the user of the 
ostmodel. A se
ond point is the 
ustomisation of the ar
hiving software, intuitions withwith spe
i�
 requirements 
ould make it ne
essary to 
ustomise and adopt the softwarefor the spe
i�
 needs. These expenses are required for ar
hiving the data. The Lifemethodology de�nes the 
ost for the repository software as non-life
y
le 
osts, but leavesit open to the institutions to in
lude these 
osts. Life
y
le 
osts are de�ned in [2℄ as
osts that are dire
tly asso
iated with the pro
esses ne
essary to preserve some spe
i�
digital obje
ts. In automated preservation systems, the software has dire
t e�e
ts onthe preservation pro
esses. Hen
e, the model was extended by the software 
osts. Thesoftware 
osts are dis
ussed in more detail in the 
ost model in Se
tion 4.3.6.We further assume that the vendor takes over the 
ost items and the asso
iated tasksidenti�ed on the server side [CM/S℄(su
h as preservation planning, user support). The
ost items on the server side are provided to the 
lient via the ar
hiving software system29



3. Life Cost Items applied to Automated Ar
hiving Systems

Figure 3.2.: Life2 Model applied on automated systemsand its update servi
e (e.g. new preservation plan). The 
osts for these a
tivities areindire
t paid by the 
lient for the software system and the servi
e fee.The 
ost items that were determined as no dire
t 
osts [NC℄ are indire
t also settlewith 
osts of the ar
hiving software. The a
tivities of these 
ost items are automati
allyexe
uted by the ar
hive software. The a
tivities in
ur no dire
t 
osts as no work by theuser or pur
hases are required. The 
ost items are indire
t paid as 
osts for the ar
hivesystem. The 
ost items that were determined as indire
t 
ost are not 
onsidered in the
ost model. But the 
ost model was extended by the 
ost item for the ar
hival software.Similar to the Life methodology, the 
omputer infrastru
ture is not 
onsidered aslife
y
le 
osts for automated preservation system. Small s
ale ar
hing systems havetypi
ally only very basi
 hardware requirements for host systems. We assume that insmall institutions the ar
hiving system usually shares the hardware with other operativesystems (storage server, et
.) and no dedi
ated hardware is needed. Thus we do not
onsider the hardware of the host system in the 
ost model. That is not the 
ase forstorage media that are dedi
ated for the ar
hiving system. They are 
overed in the 
ostmodel.In this 
hapter the 
ost items for small s
ale automated preservation system wereanalysed. Conditions for applying the items were dis
ussed and identi�ed. Based on this
hapter the 
ost model for automated preservation system is designed. The model andthe 
ost 
al
ulation is presented in Chapter 4.
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4. Cost Model for AutomatedPreservation Ar
hivesThe here presented 
ost model for automated digital preservation systems is based onthe Life Model v2 [2℄. In Chapter 3 the relevant 
ost items for automated ar
hives wereidenti�ed. As the Life model does not fully support the spe
i�
 setting of automatedpreservation system the model is extended and adjusted where required.In order to provide a detailed model and formulas for the 
ost items boundaries forthe model need to be set. The assumptions and 
onditions for the model are de�ned inSe
tion 4.1.The model uses a 
lient-server ar
hite
ture, where missing expertise and knowhow indigital preservation is provided as a servi
e to the 
lient side (su
h as in Hoppla [38℄).We divide the 
osts into two main 
ost units, Client preservation 
osts at the 
lient side(des
ribed in Se
tion 4.3) and Business model for server side on the server side (presentedin Se
tion 4.4). The server side represents a potential software vendor that develops andsells the 
lient software and operates the update servi
es.For the 
lient side (Se
tion 4.3) we provide a breakdown of the 
ost items identi�ed inChapter 3. The 
ost model has a modular stru
ture. The 
ost of a single item 
an be
al
ulated separately. A set of formulas are provided to 
al
ulate the 
osts of the 
ostitem. The modular stru
ture allows easy adjusted or repla
ed for the suggested formulasby other models or a
tual 
osts.A basi
 
on
ept of the model is the 
al
ulation of the 
osts of the ar
hive per year. Itstarts in year 0 with the set up of the ar
hive and an initial set of obje
ts. Every yearnew obje
ts, new versions of existing obje
ts and migrations are added to the ar
hive.The model 
an be used for ar
hives that are built from s
rat
h as well as for existingones.In Se
tion 4.4 a business model for a potential software vendor is presented. The Lifemodel was not designed for a 
lient-server ar
hite
ture, where a vendor provides thear
hiving software and update servi
e for the 
lient side. For this spe
i�
 setting weneed another approa
h to 
al
ulate the 
osts of the server side. We present a businessplan for a potential vendor in
luding a business pro�le and a loss pro�t proje
tion. Thebusiness pro�le presents an analysis of target market, pri
ing poli
ies and growth trendsfor automated ar
hiving solutions. It further identi�es preservation tasks for the updateservi
e and the labour for
e that is required to run the business. The loss pro�t proje
tionpresents expe
ted expenses and revenues for a potential vendor for the �rst �ve years.The remainder of this 
hapter is stru
tured as follows. Se
tion 4.1 de�nes the assump-tions and 
onditions for the 
ost model. The 
ost trends over time and their e�e
ts on the
ost model are dis
ussed in Se
tion 4.2. The a
tual 
ost model is des
ribed in Se
tion 4.331



4. Cost Model for Automated Preservation Ar
hivesfor the 
lient side. In Se
tion 4.4 the business model for the server side is presented.Finally, a summary is given in Se
tion 4.5. In Appendix A example 
al
ulations for the
ost model are presented su
h as the growth of the 
olle
tion and the development of thestorage pri
es.4.1. Assumptions and 
onditionsIn order to provide a detailed model in
luding formulas the boundaries for the 
ost modelneed to be de�ned. A set of assumptions and 
onditions helps to de�ne the environmentand the ar
hiving system for the model. Settings where these assumptions and 
onditionsare not ful�lled need to be 
onsidered separately.
• Small s
ale data 
olle
tionThe �rst 
ondition 
on
erns the 
olle
tion size. The 
ost model fo
uses on smalls
ale data 
olle
tions that 
an be stored on o�-the-shelf storage media (e.g. externalhard dis
s or DVDs). Settings with data volumes that require spe
ial maintainedand 
ustomised storage infrastru
ture (su
h as storage server, tape robots, et
.)are not 
overed within the parameters provided for this model.
• Li
ensing & Rights of the dataThe rights management is not within the s
ope of this 
ost model. We pro
eed onthe assumption that the institution owns the 
ontent and they hold all requiredrights and li
enses to pro
ess, manipulate, preserve and store the data.
• Internal ar
hiveWe assume that the preserved 
ontent is only for internal use. Billing and a

essto external 
ustomers is not within the s
ope of the model.
• (Semi-)Automation preservation systemThe here presented 
ost model is designed for an ar
hiving system that exe
utesar
hiving tasks automati
ally, for example the a
quisition from data 
arriers, 
har-a
terisation, migrations and storage. Hoppla [37℄ is taken as a referen
e system forautomation.
• Outsour
ing of knowledge and expertise in digital preservationWe assume that the ar
hiving system is operated by an institution that has noprofound knowledge of digital preservation as well as not the resour
es available toa
quire it in-house. We expe
t that the users operating the ar
hiving system havelimited knowledge and expertise in digital ar
hiving and preservation.The system needs to obtain the required knowledge and expertise from somewhereelse, e.g. a knowledge database, or a web servi
e operated by experts. Moreoverthe system has to automati
ally take de
isions and give re
ommendations to theuser. The 
lient side is 
harged for the servi
e in the form of a li
en
e fee of thesoftware.The 
ost of the 
reation, operations and maintenan
e of the knowledge servi
esneeds to be 
onsidered in the 
ost model. On the server side we investigate onthe business of a potential servi
e vender providing an expert servi
e for digital32



4. Cost Model for Automated Preservation Ar
hivespreservation systems. An example of a knowledge servi
e 
an be seen in the Hopplaar
hite
ture with the update servi
e [38℄.
• No dedi
ated ar
hiving host systemThe here 
onsidered automated ar
hiving systems have typi
ally only very basi
hardware requirements for host systems. We assume that in small institutions thear
hiving system usually shares the hardware infrastru
ture with other operativesystems (data server, et
.) and no dedi
ated hardware is needed. Thus we do not
onsider the hardware of the host system in the 
ost model, ex
ept from, obviously,the a
tual storage media.4.2. Cost trend over timeAs the 
ost model deals with expenses in the distant future we need to 
onsider the 
osttrends over time. In order to 
al
ulate the exa
t 
osts of future investments the timevalue of money needs to be 
onsidered. It is very di�
ult to predi
t the future in�ationrate. In our model we use real pri
es that are in�ation-adjusted pri
es, where pri
es ofdi�erent years are divided by the general pri
e index for the same year. The net presentvalue of all future investments (hardware, infrastru
ture, et
) need to be 
al
ulated. Inpra
ti
e this means using the pri
e level of year zero for the 
al
ulation. The use of netvalue has a signi�
ant advantage, the pri
es are 
omparable over the years. It allowsidentifying 
hanges of 
ost items and making statements about the 
ost trend.For a long term ar
hive two important 
osts fa
tors 
hange signi�
antly over time withanother long-term trend than general pri
e index, �rst the 
osts of storage and the 
ostof labour work. Both developments are 
onsidered in the 
ost model (as re
ommendedin the e
onomi
 review of the Life model [6℄). They are 
al
ulated in the model with asalary adjustment per year and storage 
ost de�ator fa
tor (as shown in the next se
tion).4.3. Client preservation 
ostsIn this se
tion the a
tual 
ost model for the 
lient side of the ar
hive is des
ribed. Thestru
ture and the 
ost items of the model are shown in Figure 4.1.The model is based on the work presented in Chapter 3. The Life methodology isextended by the 
ost of the software preservation system. In our setting the softwaresystem is a major 
ost item for preservation a
tivities. The software preservation system
ategory 
ontains two 
ost items 'Preservation System software' and 'Customisation ofSW System'. The �rst 
ost item 
overs the 
osts for the ar
hiving software system (initialpur
hase and li
en
es) in
luding the update servi
e. This servi
e updates the knowledgebase and software modules on the 
lient side software periodi
ally.Institutions with spe
i�
 requirements and obligations 
an need individualised adop-tion of the software system (e.g. support of spe
i�
 formats, integration of spe
i�
 tools,et
.). These 
ustomisations are 
aptured in the 
ost item 'Customisation of SW System'.The 
ost model 
onsists of �ve 
ategories 
ontaining �fteen 
ost items. The stru
tureof 
ost items within the bit-stream preservation 
ategory is at a more detailed level as in33



4. Cost Model for Automated Preservation Ar
hives

Figure 4.1.: Cost model for the 
lient side of small s
ale automated digital preservationar
hivesthe original Life model. Few 
ost items in this model are optional. Their use depends onthe a
tual setting and the used software system. Optional 
ost items are marked withan asterisk in Figure 4.1. A detailed �gure of the 
ost model stru
ture in
luding theformulas of the single 
ost items is provided in Figure A.1 in Appendix A.The 
ost model provides formulas to 
al
ulate the 
osts of the single 
ost items. Oneof the basi
 prin
iples of the model is the modular stru
ture. The 
ost of a single item
an be 
al
ulated separately. The suggested formulas 
an be easily adjusted or repla
edby other models or a
tual 
osts. The suggested formulas should provide a starting pointto 
al
ulate the 
ost for an ar
hiving system with measurable input fa
tors. The 
ostmodel deals with three types of 
osts: manual work that has to be done by the user,pur
hases of physi
al artifa
ts (su
h as storage media) and other expenses (e.g. softwarefees, servi
e fees for online storage). The monetary valuation of these fa
tors allows the
al
ulation of 
osts for preserving a digital 
olle
tion for the institutions.The assessment of the manual work exe
uted by a user is very 
hallenging task as itdepends on the user, the 
olle
tion, the ar
hival system and the requirements. Spe
i�
variables and models in the model should provide a starting point to estimate the work ofa user. For example the 
ost model 
onsiders di�erent level of preservation requirementsfor a given setting. Depending on requirements the user will put more or less e�ortin spe
i�
 a
tivities and therefore investing more time in exe
uting tasks (for examplemonitoring or sele
tion of sour
e data). A model for the estimation of error rate duringmigration and ba
kup is introdu
ed. Based on error rates the e�ort for monitoring the34



4. Cost Model for Automated Preservation Ar
hivespro
ess and �xing problems 
an be assessed.Moreover, the 
ost model provides 
al
ulation for the hardware storage demand. It
onsiders the growth of the 
olle
tion, hardware migration (repla
ement of old mediaafter their life span) and the 
ost trend of storage media. In the model di�erent storagemedia types are supported in
luding online storage.In order to support di�erent settings, the model 
omprises optional e�ort and 
ostitems. Example for optional e�ort is metadata assignment by the user. It in
urs expenses,but it is not mandatory and optional for the user. Another example for optional 
ostsis 
ustomisation of the ar
hival system. In order to ful�l legal obligations or stri
trequirements the adoption and 
ustomisation of the system 
an be required. The modeltakes these expenses into a

ount.In this model detailed formulas are spe
i�ed for the 
ost items. The 
ost 
al
ulationfor long term ar
hives depends on many input fa
tors. There are two kinds of variablesused in the 
ost model, model variables representing 
ommon measurements and 
ostfa
tors that are individual for ea
h setting. The variables are de�ned in the followingse
tions when they are used the �rst time.At the beginning of ar
hiving a
tivities the estimation of these fa
tors is very di�
ult.We provide some 
ommon values, 
alled model variables, for a range of input fa
tors.They are prede�ned and are quite similar for most preservation settings. The prede�nedvalues of model variables are based on experien
es with Hoppla software, experiments andliterature review (e.g. [4℄, [38℄). Future work will in
lude 
ase studies to further verifyand adjust the model variables for di�erent settings. Model variables are for exampleduration of spe
i�
 a
tivities or failure rates for migration.The se
ond type of variables in the 
ost model is 
ost fa
tors that are individual forea
h setting and need to be de�ned from the user. Examples are 
olle
tion size, growth,number of ba
kup, used storage media, et
.A list of all variable used in the model is given in the Appendix A. Figure A.1 liststhe 
ost fa
tors and Figure A.2 presents the used model variables.The following notation is used for the abbreviation of the variables within the 
ostmodel. Variable with the se
ond letter, m are model variables, all other are 
ost fa
tors.Variable and fun
tions with the initial letter of,s.. measures size of digital obje
ts in gigabyte,
.. quanti�es 
osts in e,e.. expresses human e�ort measured in hours,n.. number or amount of fa
tor,r.. de�nes rates (e.g. growth, de�ations) in per
entages.The 
ost for preserving a digital 
olle
tion is 
al
ulated per year (t is used in themodel for the years). In the 
ost model year 0 (t=0) is the �rst year of the ar
hive, it isused for ar
hives built from s
rat
h. In this year the initial setup of the ar
hive is done.Additional e�ort for the set up is 
onsidered, espe
ially for user settings su
h as poli
iesand sele
tions. Year 0 is also the �rst operative year of the ar
hives (with ba
kups andmigration). For 
ost 
al
ulation for already existing ar
hives year 0 is skipped and the
al
ulation starts with year 1. 35



4. Cost Model for Automated Preservation Ar
hivesThe single 
ost items of the 
ost model (as shown in Figure 4.1) are des
ribed below,starting with the overall 
osts de�ned in Se
tion 4.3.1. The des
ription in
ludes thespe
i�
ation of the formulas and the used variables. In order to to do that, a few basi

ost fa
tors and formulas have to be de�ned �rst (su
h as 
olle
tion size, hourly rate ornumber of obje
ts in the 
olle
tion). They are used in a number of formulas and aredes
ribed below. The following list 
ontains in bra
kets the abbreviation of the fa
torsand in square bra
kets the measurement unit.Basi
 
ost fa
tors and formulasThe basi
 
ost fa
tors and formulas are used in a number of 
ost items. They in
ludethe size of the 
olle
tion (
s), the number of obje
ts (no
) and 
ost of manual work perhour (
wh).Size of the 
olle
tion at year t (s
(t)) [GB℄Physi
al size of the 
olle
tion measured in gigabyte at year t. Based on the startingsize at year 0 (t=0) the 
olle
tion sizes for the following years are 
al
ulated. The
olle
tion size 
onsists of the size of the a
tual 
olle
tion (sa
), the size of thehistory of stored 
hanges (versioning) (sh
) and the size of logi
al preservations(sp
) of the 
olle
tion (in
ludes migrations of the 
olle
tion) (see Equation 4.1).The a
tual 
olle
tion size grows by new elements that are added to the 
olle
tionevery year (see Equation 4.2). The growth is quanti�ed in the 
olle
tion growthrate (r
g).The history of stored 
hanges in
ludes all versions of obje
ts in the ar
hive (ver-sioning). The size depends on the size of obje
ts that are modi�ed between twoingests (see Equation 4.3).In addition to new and modi�ed obje
ts the 
olle
tion grows by migrated obje
ts.The size of logi
al preservation obje
ts in the 
olle
tion (sp
) in
ludes the size ofall migrations in the ar
hive (see Equation 4.5). The amount and size of new mi-grations will usually strongly vary from year to year depending on the integrationof new migration strategies into the ar
hive. In order to 
al
ulate the additionalstorage required for migrations an average migration size rate (rms) is used. Themigration size rate represents the size of the new migration that is added to the
olle
tion every year. The size is de�ned in per
entage of the 
olle
tion size. Theaverage migration size rate represents the preservation requirements of the set-ting. Higher preservation requirements will result in a higher migration size rateas multiple migration paths and pro-a
tive preservation strategies will be used.An example for the 
olle
tion size 
al
ulation is shown in Table 4.1. Starting witha 
olle
tion size of 10 GB at year 0, the 
al
ulation is shown for a slow growing
olle
tion (5% 
olle
tion growth, 
hanges between ingests 0,3 GB, 3 ingest per yearand a new migration rate of 2%) for the next years.
sc(t) = sac(t) + shc(t) + spc(t) (4.1)

sac(t) = sac(0) · (1 + rcg)t (4.2)36
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hives

Table 4.1.: Examples for 
olle
tion size 
al
ulation [in GB℄
shc(t) = shc(t− 1) + sci(t) · nic (4.3)

sci(t) = sci(0) · (1 + rgc)t (4.4)
spc(t) = spc(t− 1) + sc(t− 1) · rms (4.5)Simpli�
ation of 
olle
tion sizeThe 
al
ulation of the 
olle
tion size (s
) is very detailed and 
onsidered a numbersof input parameter in the 
ost model (see Equations 4.1- 4.5). If empiri
 data areavailable the 
olle
tion growth 
an be used to 
al
ulate in detail for the next years.In most 
ases a simpli�ed assumption of the 
olle
tion size (ss
) will be su�
ientto 
al
ulate the 
osts of the ar
hive. A general rate of 
olle
tion growth per year(rgg) 
an be used to 
al
ulate the 
olle
tion size. The rgg needs to 
over the growthof the 
olle
tion by new obje
t, version and migrations. Starting form a 
olle
tionsize at year 0 (ss
(0)), the size of the following years 
an be 
al
ulated. The initial
olle
tion size at year 0 has to be de�ned by the user. The simpli�ed 
olle
tion size(ss
) 
an be used instead of the 
olle
tion size (s
) in the 
ost model.

ssc(t) = ssc(0) · (1 + rgg)t (4.6)Size of a
tual 
olle
tion at year t (sa
(t)) [GB℄The A
tual Colle
tion Size is the size of the 
olle
tion in the ar
hive in
ludingonly the �rst version of ea
h obje
t (without History of Changes (sh
) andmigrated obje
ts (sp
)). The initial sa
 at year 0 has to be set by the user.The 
al
ulation for the following years is show in Equation 4.2. We assume aexponential growth of the size by the 
olle
tion growth rate (r
g). There areseveral reasons for this assumption: �rst the in
rease in storage 
apa
ity allowsto store more data that means more data are sele
ted for the ar
hive. Thesize of digital obje
ts growths, the most prominent example are pi
tures. The37
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hivesin
rease in resolution of the 
ameras results in larger image �le size. Anotherindi
ator of the exponential growth of data 
olle
tion is the exponential growthof hard dis
 storage 
apa
ity over the time. This trend is dis
ussed in Chapter 4.3.4.Size of history 
hanges at year t (sh
(t)) [GB℄The size of history of 
hanges in
ludes all additional versions of obje
tsthat are stored within the ar
hive. It depends on the number of ingest per year(ni
) and the 
hanges in the 
olle
tion between two ingests (s
i) (see Equation 4.3).Size of logi
al preservation obje
ts in the 
olle
tion at year t (sp
(t)) [GB℄The size of migrations stored within the ar
hive at a given year t. The 
al
ulationis shown in Equation 4.5. The size of the migrations is in�uen
ed by the migrationsize rate (rms). The migration size is 
al
ulated based on the on the size of the
olle
tion of the year before (s
(t-1)) in
luding a
tual 
olle
tion, the history andprevious migrations. We assume no migrations in year 0 of the ar
hive (sp
(0)=0).Colle
tion growth rate (r
g) [%℄Growth rate per year in per
entage of the size of the a
tual 
olle
tion. The rateresults in an exponential growth of the 
olle
tion size.Number of ingest 
y
le per year (ni
)It de�nes the number of ingests per year.Average 
hange of the 
olle
tion size between two ingests in year (t)(s
i(t)) [GB℄Average 
olle
tion size that 
hange between two ingests in gigabyte at year t. Thesize of the 
hange will in
rease over time, the 
al
ulation is de�ned in Equation 4.4.The size at year 0 has to be set by the user.Growth of the average 
hange rate (rg
)) [%℄The size of data 
hange between two ingests will growth over time mainly to thein
rease of the obje
t size rather than the number of obje
ts edited. More 
omplexformats, in
reasing resolutions lead to a slowly but 
onstant growth of the obje
tsize (an example is the in
rease size of images from digital 
ameras). The rate ofgrowth of the average 
hange (rg
) spe
i�es the in
rease in �le size in per
entage.The in
rease will be rather slow but over time it has an e�e
t on the 
olle
tionsize and the required storage.Migration size rate (rms) [%℄The migration size rate represents the size of new migrations in per
entage of
urrent 
olle
tion size per year. The rate represents the preservation requirementof individual settings. The migration size rate has to be set by the user. Averagemigration size rates are usually between 1-4 per
ent.The rate uni�es two parameter. The �rst parameter is the per
entage of obje
ts38
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hivesmigrated every year. It is in�uen
ed by the preservation poli
ies set by the user.The user 
an de�ne whether only obje
ts at immediate risk are migrated or morepro-a
tive strategy should be pursued. More pro-a
tive migrations result in a highmigration size rate as more available migrations will be performed. Experimentswith di�erent data sour
es showed that usually ranges from 2 to 7% of a 
olle
tionare migrated per year.The se
ond parameter represents the ration of the size of input obje
ts and sizeof the migration output. User with high preservation requirements will prefermigration results with higher quality and resolutions that requires more storage
apa
ity. This parameter depends on the kind of obje
ts in the 
olle
tion. Theration for a migrations of o�
e do
uments with limited preservation requirements(migration of formats that are in immediate danger of be
oming obsolete) is about0,5 - 0,7. The migrated obje
ts have about half of size of the original input obje
ts.Migration settings with video formats 
an 
ause higher output sizes up to two.Average ration between input and migration size for o�
e settings with averagepreservation requirements is about 0,8 - 1,0. The migrations have about the samesize as the original obje
ts.Number of obje
ts (no
(t))It de�nes the number of obje
ts in the 
olle
tion in
luding stored history andmigrations at year t. The number is 
al
ulated by using a general 
olle
tion growthrate of number of obje
ts per year in per
entage (rgn). The growth in
ludes thenumber of new obje
ts, new version of obje
ts and new migration of obje
ts thatare added to the 
olle
tion every year. The initial number of obje
ts no
(0) has tobe set by the user. The 
al
ulation is show in Equation 4.7.
noc(t) = noc(0) · (1 + rgn)t (4.7)In this 
ontext it is important to note that the number of obje
ts and the size ofthe 
olle
tion are modelled independent of the other. They are used for di�erentpurpose, the 
olle
tion size to 
al
ulate the required storage 
apa
ities and thenumber of obje
ts to 
reate an errors model for a
tions in the ar
hive. Neverthelessthey are not independent in real life. One 
onsequen
e is that 
olle
tion growthrate (r
g) is usually greater than or equal than the 
olle
tion growth rate ofnumber of obje
ts (rgn). Otherwise it would indi
ate that the average �le size ofobje
ts added to the 
olle
tion be
omes smaller. This is very unusual for typi
alsettings.Colle
tion growth rate of number of obje
ts (rgn) [%℄Growth rate per year in per
entage of the number of obje
t in the 
olle
tion. Thegrowth rate in
ludes new obje
ts, new versions of obje
ts and new migration.Cost of manual work per hour at year t (
wh(t)) [e℄At the 
lient side, the manual work done by the user is �nan
ially assessed with39



4. Cost Model for Automated Preservation Ar
hivesa hourly rate in Euros. In order to 
onsider the 
ost trend over time, the manualwork rate is adjusted for years to 
ome (see Equation 4.8). The user has to set themanual work rate for year 0 (
wh0).
cwh(t) = cwh(0) · (1 + rsa)t (4.8)Rate of salary adjustment per year (rsa) [%℄Yearly adjustment rate for the 
ost of manual work in per
entage as deviatingfrom the general pri
e index.User Requirements Level (nur)The 
ost model 
onsiders di�erent levels of user requirements. Depending on thesetting and the relevan
e of the data 
olle
tion the user will put more or less e�ortin preserving the 
olle
tion and therefore invest more or less time in exe
utingpreservation tasks. The user's tasks in
lude amongst others the sele
tion of the
ontent, review of system settings and poli
ies and inspe
tion of logs. In orderto take additional e�ort into a

ount, we introdu
e levels of user requirements inthe 
ost model. The nur is spe
i�es on a s
ale that represents a multipli
ationfa
tor for the e�ort. The s
ale starts at 1 with open end. The re
ommended rangeis 1 to 3. For example, nur 1 represents minimal requirements and e�ort for the
olle
tion. The user usually a

epts the re
ommended settings of the system. Inthe 
ost 
al
ulation user level 1 equates a multipli
ation fa
tor of 1. A nur valueof 2 is used for standard requirements, average review of re
ommendation from thesystem and minimal adjustments. A multipli
ation fa
tor of 2 is assumed. nur3 represents high requirements for the preservation of the 
olle
tion. It in
ludesdetailed adjustment of the settings and re
ommendation of the system, detailedinspe
tion of logs and errors. In 
ertain 
ases a higher user requirement level 
anbe useful, for example if the system is operated by an preservation expert thatinvests more time in review and adjustment of the system settings.4.3.1. Client total 
ost (
to)The overall 
osts of preserving a digital 
olle
tion (
to(t)) at year t are the sum of all 
ostitems (as de�ned in the Equation 4.9). All 
ost items are shown in Figure 4.1. The single
ost items are des
ribed in the following se
tions below (Se
tion 4.3.2 - Se
tion 4.3.6).

cto(t) = csp(t) + cse(t) + cmc(t) + chu(t) + csh(t) + cre(t) + csp(t)+

cdrt + csut + cbp(t) + cba(t) + cqp(t) + cdit + csst + ccst
(4.9)4.3.2. A
quisition

• Sele
tion Poli
y (
sp(t))The de�nition of the sele
tion poli
y 
auses an initial e�ort at year 0. It is re
-ommended to review poli
ies on
e a year. Automated ar
hiving systems usuallyprovide prede�ned poli
y pro�les. It should help users with limited expertise to40
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hivessele
t an appropriate poli
y for their needs. Settings with more detailed require-ments will spend more e�ort in reviewing and adjusting the poli
y, therefore thee�ort is multiplied with the user level in the 
ost model (see Equation 4.21). In the
ost model we assume a larger initial e�ort in de�ning the sele
tion (de�ned in themodel variable e�ort sele
tion poli
y (emp0= 0,5 h)) than the review e�ort everyyear (empt= 0,2h).
csp(t) = empt · cwh(t) · nur (4.10)

• Sele
tion (
se(t))The sele
tion of the 
ontent has to be done by user. The sele
tion in
ludes theidenti�
ation of the sour
es 
ontaining the data to preserve and setting �lter 
rite-ria. An initial e�ort of two hours (de�ned in model variable e�ort sele
tion(ems0 =2h) is multiplied by the user level for year 0. A review of the sele
tion is planned ona yearly basis. A half hour e�ort ((emst =0,5h) is supposed for the yearly review,this e�ort is multiplied by the user level (see Equation 4.21). The review in
ludesan inspe
tion of new sour
es, new data and adjustments of the �lter 
riteria. Thesuggested e�ort is a rough estimate and 
an easily be adjusted for individual set-tings.
cse(t) = emst · cwh(t) · nur (4.11)4.3.3. Ingest

• Metadata Creation (
m
(t)) (optional)(Semi-) Automated preservation systems automati
ally 
olle
t and assign meta-data to the obje
ts in the repository. The systems provide optional fun
tionalityto manually assign additional metadata. Due to the labour-intensive work, themetadata assignment 
an 
ause 
onsiderable 
osts. The 
osts are 
al
ulated by theoptional metadata 
reation e�ort per year (e
mt) multiplied by the hourly rate ofthe user.
cmc(t) = ecmt · cwh(t) (4.12)

• Holdings Update (
hu(t))The update of the holdings is performed by the ar
hive software. User e�ort isrequired to start the update pro
ess and prepare the setting. The user needs to startthe appli
ation and make all sour
es and storage media available. Twenty minutesmanual work for ea
h update pro
ess (model variable emu=0,3h) is estimated inthe 
ost model. The preparation has to be done for ea
h ingest 
y
le per year (ni
).The 
osts of monitoring the ba
kup and migration pro
ess are 
overed in the 
ostitems 'Ba
kup' and 'QA Preservation A
tion'.
chu(t) = emu · cwh(t) · nic (4.13)4.3.4. Bit-stream PreservationBit-stream preservation is a 
ore 
ost 
omponent of long term preservation. It 
overs the
ost of the hardware and the manual work for physi
al ba
kups (see Figure 4.1). The41
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hives
ost model aims at providing the total 
ost of ownership (TOC) [11℄ for the bit-streampreservation with a spe
ial fo
us on the long-term 
ost trend of the storage media.In settings with small s
ale data 
olle
tion the dominant storage systems are dire
tatta
hed storages (DAS). The storages (typi
ally hard dis
s) are dire
tly 
onne
ted tothe 
omputer without a storage network in between. The parameters provided in thiswork are spe
i�ed for dire
t atta
hed storage (su
h as external hard dis
s and opti
aldis
s). We do not 
onsider 
osts for network atta
hed storages that requires additionale�ort, expenditures and expert knowledge for administration, maintenan
e and servi
e.Studies about 
osts of network atta
hed storage 
an be found in [8℄.Additional to the DAS the 
ost model deals with online storage/
loud storage (forexample as web servi
es or external servers via SSH ). They 
an be easily 
on�gured andused by users with limited expertise 
omputer s
ien
e. For example Hoppla supports thestorage of the 
olle
tion on servers via SSH 
onne
tion.In the model we distinguish between three types of storage bit-stream media: re-writemedia (su
h as HD) (abbr. rw), write on
e media (su
h as CD, DVD) (abbr. wo) andonline (e.g. SSH, web servi
es). In the model we use bm ... for all bit-stream storagemedia, bmh ... for all hardware media (re-write and write on
e media), and bmo ... foronline media. The model 
an be easily adjusted and enhan
ed by adding new media. The
ost model further supports multiple separate 
opies of the data 
olle
tion per storagemedia (for example two online storage lo
ations, or three separate 
opies on hard dis
s).The number of separate 
opies is de�ned as 
ost fa
tor Ba
kup Level for ea
h media(nblbm) (e.g. number of 
opies on re-write media, number of 
opies on write on
e media(for example DVDs)). The examples of 
osts provided in this se
tion are illustrative andneed to be adjusted for real s
enarios.The following 
ost elements need to be 
onsider for bit preservation,
• Storage hardware
• Refreshment
• Storage pro
urement
• Disaster re
overy
• Storage maintenan
e and support (optional)
• Ba
kup pro
edure
• Ba
k up
• Manual inspe
tion (optional)Storage hardware (
sh(t))The storage hardware represents the main 
ost item of bit-stream perseveration. Wedistinguish for the storage hardware between storage as a servi
e (
shs) (e.g. onlinestorage) and storage on hardware (
shh) (e.g. re-write media, write on
e media).

csh(t) = cshs(t) + cshh(t) (4.14)New innovation and 
ontinuous development of storage te
hnology steadily in
reasesthe storage 
apa
ities and de
lines the 
ost for storage. In order to 
onsider the devel-opment of storage media we introdu
e a storage 
ost de�ator rate. The rate is de�ned42
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hivesfor ea
h media. It de�nes the annual improvement of the storage 
apa
ity per year inper
entage (rmdbm). In the 
ost model the storage 
ost per GB for ea
h media is annu-ally redu
ed by its de�ator rate. The storage 
ost for one gigabyte storage for a 
ertainmedia type at a 
ertain year t is 
al
ulated (
smbm(t)) as de�ned in Equation 4.15. Theimprovement of the storage 
apa
ity is 
onsidered in the 
ost model as redu
tion of 
osts.The user needs to spe
ify the 
osts at year 0. An example of the 
al
ulation of storage
osts over time is shown in Table A.3 in Appendix A.
csmbm(t) = csmbm(0) · (1− rmdbm)t (4.15)The storage 
ost de�ator rate de�nes the de�oration for one gigabyte storage in per-
entage per year for re-write(RW)/write on
e(WO)/online(ON) media. It represents theaverage improvement of storage 
apa
ity every year in per
ent. There are only limitedstudies about the pri
e trends for 
omputer storage. A 
hronologi
al list of 
ost of harddrive storage spa
e is shown at 'Cost of Hard Drive Storage Spa
e' 1. A S
ienti�
 Amer-i
an arti
le [42℄ was published showing a doubling of hard disk storage pur
hasable fora dollar ea
h year for some 15 years. The phenomenon had be
ome known as Kryder'sLaw. The study shows a signi�
ant yearly improvement of the 
apa
ity from 1993-2003.In the following three years (2004-2006) the trend falls away dramati
ally with only animprovement of 35% per year. More 
urrent data are published at 'Hard Disk Trends' 2.It shows a long term 
ost trend. If we ignore the outliers in years 94, 95 and 98 we endup with a 
onstant 
urve of about a 10% in pri
e de
rease ea
h year. A storage 
ostde�ator rate for re-write of 10% is used in our 
ase studies in Chapter 5.The 
osts for storage as a servi
e (
shs) are periodi
 payments (e.g. every month,quarter or year) to a servi
e provider. The 
osts depends on the size of the 
olle
tionand the storage 
ost (de�ned in Equation 4.16). The 
urrent 
olle
tion size (
s(t))is multiplied by the storage media 
osts at given year t (
smbmo(t)). The result ismultiplied by the number of separate online storages (Ba
kup Level (nblbmo).
cshs(t) = cs(t) · csmbmo(t) · nblbmo (4.16)The 
ost 
al
ulation for hardware storage (
shh) is a bit more 
omplex than for storageas a servi
e. The 
osts 
over the refreshment of storage media (re-write and write on
emedia (bmh)). For every storage media type the 
osts have to be 
al
ulated separately.In order to avoid physi
al data loss the storage media have to be refreshed after theirexpe
ted life time. The refreshment 
y
le of a media (r
bmh)) de�nes the expe
ted lifetime of a medium. At the end of the lifetime of a storage medium it needs to be repla
edby new media (hardware migration). The fun
tion fr
(t,r
bmh) de�nes the years of storagemigration for a 
ertain media type in Equation 4.17.

frc(t, rcbmh) =

{

1, t mod rcbmh = 0

0, else (4.17)1http://ns1758.
a/win
h/win
hest.html2http://www.matts
omputertrends.
om/harddrives.html43
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hivesEvery time new storage hardware is bought 
osts o

ur, starting at at year 0 (initiala
quisition) and at the end of the refreshment 
y
le of a media. We only 
onsider in the
ost model dire
t atta
hed storages as storage media. The running 
osts of these mediatypes are negligible low (e.g. power 
onsumption) and will not be taken into a

ount.Due to the di�erent refreshment 
y
les the storage hardware 
osts vary every year andhave to be 
al
ulated for ea
h year individually. The refreshment 
y
le is de�ned in yearsfor re-write(rw)/write on
e(wo) media. For example the usual life 
y
le of hard dis
s istwo to seven years [35℄.There are only few reports about life expe
tan
y of opti
al dis
 from independentlaboratories [9℄. The manufa
turers' 
laims of life spans range from 10 to 100 years.The 
laim 
overs the hapti
 
omponents of the dis
, not the ability to read the data.Experiments have shown that only 47% of the re
ordable DVDs indi
ate an estimatedlife expe
tan
y beyond 15 years. Some had a predi
ted life expe
tan
y as short as1.9 years3. Amongst manufa
turing quality the storage pra
ti
es have an e�e
t on thedurability of the media. A guide for handling opti
al media for librarians and ar
hivistsis presented in [9℄. The reports indi
ate the importan
e of multiple separate 
opies ofdata.In order to 
al
ulate the 
osts for a repla
ement of a storage medium the requiredsize of the new storage media has to be 
al
ulated. As the 
olle
tion size grows overtime the storage medium need to have enough 
apa
ity to store the 
olle
tion up tonext refreshment 
y
le. The �rst step is the 
al
ulation of 
olle
tion size for the nextrefreshment 
y
le a

ording to the Formula 4.1. Additionally, a safety bu�er (rmb) isadded to the size as the 
olle
tion growth is not exa
tly predi
table. The safety bu�eris usually around twenty per
ent. The storage size to buy (szb) de�nes the size in GBof a new storage media to repla
e the old one. The variable szb is used interim and isde�ned in Equation 4.18.
szbbmh(t) = cs(t+ rcbmh) · (1 + rmb) (4.18)The 
ost of the storage hardware is the multipli
ation of storage size to buy (szb)) andthe 
urrent 
osts (either re-write or write on
e)(
smbmh(t)). The result is multiplied byba
kup level (number of 
opies) of the media type (nblbmh) (as de�ned in Equation 4.19).Storage hardware is bought at year 0 of the ar
hive as initial set-up. At year 0 allstorage media are bought. After that the media are repla
ed a

ording their refreshment
y
les.

cshh(t) = frc(t, rcbmh) · [szbbmh(t) · csmbmh(t) · nblbmh] (4.19)Refreshment (
re(t))The repla
ement of old storage media (storage migration) requires in addition to newstorage hardware manual work. The migration is done by the software, but the userneed to set up the environment and start the migration pro
ess. The migration is a very3http://www.thexlab.
om/faqs/opti
almedialongevity.html44



4. Cost Model for Automated Preservation Ar
hives
riti
al task as the 
omplete 
olle
tion is transferred to a new medium. The 
orre
tnessof the migration is essential to ensure the availability of the data. Che
king and analysingthe report and error logs of the migration is 
riti
al and requires most of the time.Based on expertise within Hoppla, we estimate two hours e�ort for the user for ea
h re-write storage media (emrrw=2h) and three hours for ea
h write on
e media (emrwo=3h).The duration is a rough value guide for the user. The e�ort for refreshment is also
harged at year 0 for initial setup and installation of the storage media.The refreshment depends on the a
tual system in parti
ular the support for hardwaremigration and the usability. The number of media (e.g. DVDs or CDs) also in�uen
esthe duration, this aspe
t is not 
overed in the model. The here provided model providesa simpli�ed estimation of the refreshment e�ort. It 
an easily be adjusted or repla
ed bya more detailed model. It provides a �rst starting point to estimate the e�ort and the
osts of a long term ar
hive.The expenses are the 
ost of manual work at the 
urrent year (
wh(t)) multiplied bythe estimated duration (emrbmh). The result is multiplied by the number of separate
opies of the media type (nblbmh) (as shown in Equation 4.20).
cre(t) = frc(t, rcbmh) · [emrbmh · cwh(t) · nblbmh] (4.20)Storage pro
urement (
sp(t))Additional to the hardware and refreshment 
osts the pro
urement of the new storagehardware 
auses expenses. Only minimal e�ort is estimated as the internet suppliers easethe pro
urement pro
edure for the user. A half hour for ea
h order (for re-write as wellas write on
e media) is planned. The model variable emp de�nes the duration for thepro
urement (emp=0,5h). The 
osts are the duration multiplied with the manual workrate (as shown in Equation 4.21).

csp(t) = frc(t, rcbmh) · [emp · cwh(t)] (4.21)Disaster Re
overy/ Mitigation (
drt)The term disaster re
overy' is misleading in this 
ontext, be
ause the a
tivities is nore
overy rather disaster re
overy planning or disaster mitigation. The term 'disasterre
overy' is taken from the Life Model but extended by term 'mitigation'.Ba
kup 
opies stored on the same lo
ation do not help in 
ase of natural disasters su
has �re or �ood. It is strongly re
ommended to keep a 
opy of the data on an o�-sitelo
ation. The 
ost model deals with the disaster re
overy of the data. The re
overy of theinfrastru
ture is out of the s
ope of this model as it strongly depends on the risk modelestimating exposure probabilities for a wide range of external threats (from physi
allo
ation and 
o-lo
ation of other risk-exposed venues to infrastru
ture dependen
y). Anexample for an o�-site lo
ation is a safe deposit box. The 
osts for the storage mediahas to be 
onsidered as storage hardware (as ba
kup level). The disaster mitigation 
ostin
ludes e.g. the rent for a deposit box and the transport. The 
osts have to be spe
i�ed45
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hivesby the user as 
osts for disaster re
overy/mitigation (
drt) at year t. The use of onlinestorage 
ould also be a pra
ti
able disaster mitigation strategy. In this 
ase the 
ostsare 
oved as storage hardware (storage as a servi
e). The 
osts for disaster mitigationstrategies are individual for ea
h setting depending on the implemented strategy.Storage Maintenan
e and Support (
sut) (optional)Institutions that operate a small s
ale digital preservation ar
hive do not tend to havemaintenan
e and support 
ontra
ts for their storage devi
es. Servi
e 
ontra
ts are veryunlikely for dire
t atta
hed storage devi
es that are 
onsidered in this model. The 
ostfor storage maintenan
e and support is an optional 
ost item. It needs to be set by theuser as storage maintenan
e and support 
ost item (csut) per year.Ba
kup Pro
edure (
bp(t))The ba
kup pro
edure is guided by the ba
kup poli
y. In year 0 of the ar
hive the initialba
kup poli
y needs to be de�ned by the user. An automated ar
hiving system helpsusers with prede�ned pro�les with the poli
y sele
tion. Thus, a minimal e�ort is assumedfor this a
tivity. The e�ort is de�ned in the model variable emb0=0,5h. Users with higherrequirements will invest more time in de�ning their ba
kup poli
y. The additional e�ortis represented in the user requirements level (nur). The poli
y settings are reviewed everyyear. The 
osts are 
al
ulated by the assumed duration for de�ning the ba
kup poli
y(embt=0,2h) multiplied by the user requirements level and the hourly rate of the user(shown in Equation 4.22).
cbp(t) = embt · cwh(t) · nur (4.22)Ba
kup/ Ba
kup monitoring (
ba(t))The ba
kup a
tion is exe
uted by the ar
hive software. Automated ba
kups tend to beerror-prone and the user needs to 
he
k the logs and reports of the pro
ess. If ne
es-sary, the user needs to �x problems. As the ba
kup is exe
uted automati
ally, this 
ostitem 'ba
kup' 
aptures the 
osts for monitoring, 
he
king the ba
kup a
tivity and �xingproblems. The label of the 
ost item is taken to be 
onsistent with the Life model. The
aption was extended by 'Ba
kup monitoring' to refer to the a
tivities in this 
ost itemthat has to be done by the user.The problems that 
an arise during ba
kup strongly depend on the 
olle
tion andthe used software. The error �xing a
tivities in
lude amongst others, re
on�guration ofstorage media, re-exe
ution of ba
kup pro
esses or adjustment of 
on�guration of hostsystems (e.g. a

ess rights). We 
al
ulate the expe
ted e�ort for log analysis and error�xing on the assumption that the probability of errors during ba
kup 
orrelates with thenumber of obje
ts in the 
olle
tion. The larger the 
olle
tion the more errors o

ur. Amean failure ba
kup rate is de�ned per 1.000 obje
ts (nmb). Experiments with Hopplahave shown a mean failure rate for ba
kups of 0,01 failures per 1.000 obje
ts.
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hivesThe mean number of failures during ba
kup a
tion of a year (nfb(t)) is 
al
ulated bythe number of new obje
ts per year added to the ar
hive divided by 1000 and multipliedby the mean ba
kup failure rate (nmb). The number of new obje
ts of a year is numberof obje
ts of the previous year (no
(t-1)) multiplied by the growth rate (rgn). The
al
ulation of the nfb(t) is shown in Equation 4.23. At year 0 the initial 
olle
tion isba
kup the �rst time. The number of obje
t at year 0 is used to 
al
ulate the meanba
kup failure rate as shown in Equation 4.24.
nfb(t) = (noc(t− 1) · rgn)/1000 · nmb (4.23)

nfb(0) = noc(0)/1000 · nmb (4.24)The e�ort for the ba
kup a
tion per year (eba(t)) is 
al
ulated by the mean failure rate(nfb(t)) multiplied by the estimated time to analyse and �x the failure (model variable:e�ort ba
kup failure �xing (emf= 0,1h)) (shown in Equation 4.25).
eba(t) = nfb(t) · emf (4.25)The 
osts for the ba
kup a
tion (
ba) are the e�ort for the ba
kup a
tion eba(t) of ayear t multiplied by the hourly rate of the user (see Equation 4.26).
cba(t) = eba(t) · cwh(t) (4.26)4.3.5. Content Preservation

• QA Preservation A
tion (
qp(t))As migration (preferred preservation a
tion for automated ar
hives) is a modi-�
ation of the data the validation of the results is important to guarantee thetrustworthiness of the ar
hive. Due to the limited validation framework and toolsupport for migration validation the automation of the quality assuran
e is a very
hallenging task.Part of the work of quality assuran
e has to be done by the user (e.g. analysinglogs). Similar to the ba
kup 
ost we use a mean failure rate to 
al
ulate the usere�ort. The mean migration failure rate is de�ned as a number of failed migrationsper 1.000 exe
uted migrations (nmm). The failure rate depends on 
omplexity offormats and a

ura
y of the used migration tools. Based on experiments with Hop-pla, a default value is provided as model variable (nmm=0,65) and 
an be adjustedbased on empiri
al data for ea
h 
olle
tion over time. Work on the 
omplexity of�le formats was done in the Generi
 Life Preservation model (Se
tion 8.4.8 in [28℄).The �le format 
omplexity s
ale 
an be used to adjust failure rate.The numbers of migrations exe
uted in the ar
hive in year t is the number ofelements in the ar
hive (no
(t)) multiplied by the migration number rate rnm. Themigration number rate spe
i�es the per
entage of ar
hived obje
ts that are migratedper year. The rate de�nes the per
entage of the number of ar
hived obje
ts in the
olle
tion that are at risk of be
oming obsolete and require migration a
tions every47
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hivesyear. Experiments with Hoppla have shown that the rate usually ranges from 2 to10 per
ent. The mean failure rate of migrations for year t (nfm(t)) is the number ofmigrations exe
uted in year n divided by 1.000 and multiplied by the mean numberof migration failures (nmm) (spe
i�ed in Equation 4.27).
nfm(t) = (noc(t) · rnm)/1.000 · nmm (4.27)The time spent by user for QA preservation a
tions (eqa(t)) is 
al
ulated by themean number of failed migrations (nfm(t)) multiplied by the estimated time to anal-yse and �x the failure (model variable e�ort migration failure �xing (emm=0,3h))(see Equation 4.28. The e�ort for �xing failures depends on the system. It 
anin
lude a
tivities su
h as do
umentation of errors, manual migration of the failedobje
ts, 
onsolidation of preservation experts and re-ingest of obje
ts in other for-mat into the ar
hive. The expense for the QA of preservation a
tion is the esti-mated e�ort (eqa(t)) multiplied by the hourly rate of the user (
wh(t)) as de�nedin Equation 4.29.

eqa(t) = nfm(t) · emm (4.28)
cqp(t) = eqa(t) · cwh(t) (4.29)

• Disposal (
dit) (optional)The disposal of digital obje
ts from a 
olle
tion strongly depends on the setting,the kind of obje
ts and the software. The expenses for disposal are spe
i�ed as
ost of disposal per year (
dit). It is an optional 
ost item and has to be de�nedby the user.4.3.6. Preservation System SoftwareIn this 
ost model we 
onsider the 
osts of the preservation software system. In theLife model the 
osts of the repository software is de�ned as non-life
y
le 
ost [2℄. As weassume a model with a software vendor providing an update and maintained servi
e forthe 
lient we think the expenses for the software are essential for the user of the 
ostmodel. The Life model leaves the de
ision whi
h non-life
y
le elements to 
onsider opento the individual setting. Other non-life
y
le elements of the Life methodology (su
has management and administration) are also not 
overed in this 
ost model. But thesoftware 
osts and espe
ially the update and maintenan
e servi
e 
osts are taken intoa

ount.
• Preservation System software (
sst)We assume a full-servi
e 
ontra
t between the 
lient institution and the ar
hive soft-ware vendor. The 
osts for the preservation software at year t are de�ned in 
sst.In year 0 initial 
ost for the ar
hive software are 
harged (Initial 
osts for ar
hivesoftware (
is) 
ss0=
is). The annual expenses for the update and maintenan
e ser-vi
e from the vendor are 
aptured in the annual update servi
e fee (
sst=
us). The48
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hivesextent of the provided servi
e depends on the vendor, the requirements of the 
lientinstitution, its obligations, the 
olle
tion and the expertise in-house. The in
ludedservi
es of the 
ontra
t have also e�e
ts on other 
ost items in the model, for ex-ample 
ustomisation of QA or integration of new preservation solutions. These
osts are dependent on the business model of the servi
e provider (see Se
tion 4.4),but may be 
omparable to other IT servi
es level 
ontra
ts requiring 
ontinuousupdates, su
h as for Antivirus software.
• Customisation of SW System (

st)In many 
ases software vendors o�er a basi
 version of a software system andprovide 
ustomisation of the software to individual spe
i�
ations. It is mainlyinstitutions with spe
i�
 requirements, obligations or 
olle
tion 
ontent that needindividualised adoption of the software system (e.g. support of spe
i�
 formats,integration of spe
i�
 tools, et
.). The 
ustomisation is usually done by the systemsoftware vendor.The 
osts for the 
ustomisation for ea
h year are 
aptured in this 
ost item 'Cus-tomisation of SW System' (

st). The 
ustomisation is spe
i�
 for ea
h setting and
an vary from year to year. The expenses 
an be a one-time 
osts or running 
ostsas a servi
e 
ontra
t. This 
ost item has to be set by the user. Settings with higherpreservation requirements tend to have higher spending for the 
ustomisation thansettings with basi
 preservation requirements.We identi�ed four potential areas for 
ustomisation of a digital preservation systemwith respe
t to te
hni
al fun
tionality that are dis
ussed in more detail below:quality assuran
e of obje
ts, metadata 
reation, integrate new preservation solutionand quality assuran
e of preservation a
tion. These four areas are 
ost items of theLife model.Other 
ustomisation 
an in
lude the integration of the ar
hive into existing systemsor 
onne
tion to spe
i�
 data sour
es or storage systems. The adoption of the userinterfa
e is also a typi
al 
ustomisation request.� Quality assuran
eAr
hival systems have a basi
 implementation for quality assuran
e of thedata 
olle
tion. Spe
ial requirements or obligation 
an require 
ustomisationof the quality assuran
e. Example are the integration of other tools/modulesto support spe
i�
 formats or te
hniques (e.g. 
he
ksums, veri�
ation tools).� Metadata 
reationSimilar to the quality assuran
e 
an additional tools/modules support themetadata 
reation (e.g. tools to extra
t metadata from spe
i�
 formats.)� Integrate new preservation solutionBasi
 versions of automated preservation systems will provide a set of freepreservation solutions. Updates of the preservation solutions are provided bythe software vendor of the preservation system. The 
osts for the updatesare usually 
overed by a servi
e and maintenan
e 
ontra
t with the softwarevendor.The basi
 set 
an be insu�
ient for settings with very spe
i�
 requirements49
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hivesor obligations. Custom-built preservation solutions 
an provide individualisedsolution e.g. support of spe
i�
 formats, 
ommer
ial migration produ
ts orindividualised preservation plans. The 
ustomisations are spe
i�
 for ea
hsetting.� QA Preservation A
tionAs migration (preferred preservation a
tion for automated ar
hives) is a mod-i�
ation of the data the validation of the results is important to guarantee thetrustworthiness of the ar
hive. Customisation of QA me
hanism of preserva-tion a
tion 
an further improve the quality of the data 
olle
tion. Settingswith higher preservation requirements may need 
ustomer-build QA me
ha-nism to meet spe
i�
ations and requirements. The 
ustomisation 
an in
ludethe integration of spe
i�
 
hara
terisation tools or validation frameworks forspe
i�
 migrations.4.3.7. Overall 
ost 
al
ulation formulaSe
tion 4.3 provides a 
ost model for the 
lient side of an automated digital preservationsystem. A summarising 
ost 
al
ulation for the overall expenses on the 
lient side ispresented in Equation 4.30.
Overallexpenses =

empt · cwh(t) · nur + emst · cwh(t) · nur + ecmt · cwh(t)

+ emu · cwh(t) · nic+ cs(t) · csmbmo(0) · (1− rmdbmo)
t
· nblbmo

+ frc(t, rcbmh) · [cs(t+ rcbmh) · (1 + rmb) · csmbmh(0) · (1− rmdbmh)
t

· nblbmh + emrbmh · cwh(t) · nblbmh + emp · cwh(t)] + cdrt + csut

+ embt · cwh(t) · nur + (noc(t− 1) · rgn)/1000 · nmb · emf · cwh(t)

+ (noc(t) · rnm)/1.000 · nmm · emm · cwh(t) + cdit + csst + ccst(4.30)4.4. Business model for server sideThe server side of the 
ost model represents a potential software vendor who developsand sells the 
lient software and operates the web update servi
es. In this se
tion we willanalyse the tasks, the business pro�le and expe
ted earnings for su
h a business in moredetail. It also a
ts as a basis to estimating the software system and maintenan
e 
osts
sst of the 
lient side, as spe
i�ed in Se
tion 4.3.6.The Life Cost model provides a solid basis for the 
lient side 
ost model. It is fo
usedon the life
y
le 
osts of preserving a data 
olle
tion. The server side has a di�erentbusiness fo
us that is not represented in the Life Cost model. We use the 
on
ept ofa business model to illustrate a potential business o�ering an automated preservationsystem. Nevertheless, we 
onsider the 
ost items of the Life model that were identi�ed tobe relevant for the server side in Chapter 3 in the business model. There is no 
ommon50
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hives
on
ept and de�nition of the 
ontent of a business model [26℄. In this work dis
ussesthe parts of a business model (as de�ned by Timmers 1998 [41℄) that are immediatelyrelated to the produ
t. For example we do not dis
uss debt �nan
ing as this stronglydepends the a
tual setting. The model should be independent of a
tual implementation,whether the produ
t is o�ered as new business segment of an existing enterprise (e.g.ba
kup 
ompany) or realised as a start-up.The here presented business model des
ribes the business pro�le in
luding the targetmarket, pri
ing poli
ies and growth trends for automated ar
hing solutions (see Se
-tion 4.4.1). Se
tion 4.4.2 des
ribes the preservation tasks that need to be done by thesoftware vendor. The required sta� to o�er a automated preservation system is identi�edin Se
tion 4.4.3. Finally a loss pro�t proje
tion is presented analysing the expe
ted ex-penses and revenues for two potential s
enarios for the �rst �ve years. The two s
enariosdeal with di�erent mix of 
ustomers (professional users and small o�
es in
luding privatusers). The loss-pro�t 
al
ulation is presented in Se
tion 4.4.4.4.4.1. Business Pro�leDes
ription of BusinessThe 
onsidered business provides a software system for automated long term preservationand 
orresponding servi
es. The produ
ts and servi
es are fo
used on small and mediumenterprises with limited know how and expertise in data management.The business o�ers:
• automated preservation software solution (o�-the-shelf) in
luding servi
e 
ontra
tfor preservation servi
e updates
• 
ustomisation for the software solutionTargeted Market and CustomersThe target 
ustomers are small and medium enterprises, SOHOS and private users hold-ing 
ontent with business or emotional value in the medium and long run. The ar
hivingsoftware enables 
ompanies and individuals whose 
ore business is not data managementor ar
hiving to preserve their 
ontent over time with reasonable expenditures. A fo
usbusiness target group will be bran
hes with spe
ial ar
hiving interests and obligationsfor example small business in the health 
are, �nan
ial, information business and manu-fa
turers se
tor and SOHOs su
h as lawyers, professional photographers.The target market for a automated ar
hiving system 
an be very widespread. Thesoftware 
an be easily be marketed all over Europe or worldwide. As we deal with avirgin market we �rst of all need to establish a market. In order to work a market it isre
ommended to fo
us on 
ertain market. The target market needs to be of a su�
ientsize. Markets in Europe 
an be for example the German-speaking area (Germany, Swissand Austria) or UK and Ireland. The lo
alised target market is essential for potential
erti�
ates and legal opinion for the software. In this business model we use the Germanspeaking area as target market. 51



4. Cost Model for Automated Preservation Ar
hivesSurveys on digital preservation strongly fo
us on the library and ar
hive se
tor. Theyform 
urrently the key players in this �eld as they have the mandate to preserve digitalheritage for the long term. In a survey from the Planets proje
t [32℄, 80% of the or-ganisations (mainly ar
hives and libraries) reported that they need already to preservedo
uments. The Digital Preservation Coalition (DPC) published the 'Mind the gap' [13℄report in 2006. The report identi�ed the digital preservation needs for the UK. In anonline survey 60% of the organisations responded that their organisations 
ould lose out�nan
ially through the loss of data.There exists no statisti
s about the potential market of long term preservation sys-tems. The number of vendors for ar
hiving system in Germany 
an be seen as optimisti
indi
ation for digital preservation systems. A list of a few hundred ar
hiving system anddo
ument management system available on the German market 
an be found at 4- Thenumber of SMEs in Germany (3 Millions5) and 4 million self-employed workers wouldprovide a large enough market.Growth trendsThere is no established market for long term preservation systems for private users andsmall and medium institutions. No survey, analyse or prognoses is publi
 available aboutthe digital preservation markets for SMEs by now. There are two majors vendors pro-viding digital preservation solutions for libraries and large institutions.We 
an use work from related markets and other related work as an indi
ator forgrowth trends. In 2007 the International Data Corporation (IDC) published in [22℄ anestimation about the size and growth of the Digital Universe. The amount of digitalinformation 
reated, 
aptured and repli
ated was 161 billion gigabytes (161 exabytes) in2006. It would more than six fold by 2010 (from 161 to 988 exabytes). One year laterin 2008 they revised their prognosis [24℄, the digital universe in 2011 will be ten-fold thesize it was in 2006. The growth rates of the global information 
annot dire
tly be appliedto SMEs and private users, but it indi
ates a rapid growth of information that need tobe managed. As the amount of data growths the automation of the pro
essing the databe
omes more important.A se
ond study by IDC presented the fore
ast for the email ar
hiving appli
ationmarket for 2007-2011 [23℄. They predi
ted an annual growth rate of 23,4% for this period.The email ar
hiving appli
ation market will grow from $631 million in 2007 up to $1.37billion in 2011. The ar
hing de�nition of the study do not exa
tly mat
h ar
hiving systemfor long term preservation as used in this work. Nevertheless, the massive growth rates
an be seen as a positive indi
ator for an automated long term ar
hiving that in
ludesemail ar
hiving.
4http://www.softguide.de/software/ar
hivierung.htm5http://www.ifm-bonn.org/index.php?id=99 52



4. Cost Model for Automated Preservation Ar
hivesPri
ing of Produ
ts & Servi
esFor the rollout of the ar
hiving system we have to set up a pri
e. Due to the la
k of digitalpreservation systems on the market we need to look at pri
es of 
urrent ar
hiving systems(all of them providing only bit preservation and a do
ument management system). They
an provide pointers to pri
es that are a

epted in the market and 
ustomers are willingto pay. The here presented se
tion of software produ
ts are developed for the use inSMEs. They provide di�erent fun
tionalities and have di�erent target groups, but weonly use their pri
es to identify the range of a

epted pri
es in the market. The followingpri
es6 are for the basi
 software li
en
e without 
ustomisations, training, maintenan
e,hotline servi
e or other servi
es,
• Ar
hiv.Net7 589,05e
• Do
uWare8 from 1.190e
• DMS3 9 495,05e
• Ar
hiv-Box10 300eDepending on the fun
tionality, marketing and dire
t 
ompetitors the pri
e for anautomated preservation software system 
an range from 300e to 1000e. In the loss-pro�tproje
tion in Se
tion 4.4.4 we will o�er two versions of the software, a professional versionfor SME with a pri
e of 500e. The software provides the full range of fun
tionalities andallows the 
ustomisation of the software and the interfa
es for the spe
i�
 requirementsof the 
ustomers.The se
ond version is a simpli�ed software version for private user and SOHOs. Theversion has a redu
ed fun
tionality, but will be o�ered at a low pri
e. The redu
edfun
tionality 
an in
lude a redu
ed migration support, 
ertain size limit of the 
olle
tionsto manage, redu
ed help line support, less support of storage and sour
e media (e.g. nostorage on server or online), et
. The pri
e of the redu
ed version will be 100e in the �rsts
enario and 120e in the se
ond s
enario of the loss pro�t 
al
ulation in Se
tion 4.4.4.The private market is very di�erent to assess and always involves un
ertainty. Theprivate market o�ers a great opportunity and huge potential to growth. There is nono 
omparable software on the market for private user and SOHOS that we 
an use asreferen
e for the pri
ing. The pri
e is based on the 
osts anti-virus software, they rangeform 30e11 up to 70e12. Private users and SOHOs are used to pay for anti-virus softwarein this pri
e range, we assume that are willing to pay a bit more for the ar
hiving of theirdata.In addition to the software 
lient an update servi
e will be o�ered by the vendor.The servi
e in
ludes new preservation solution and updates for the 
lient software. The6pri
es retrieved November 2010 from http://www.softguide.de/software/ar
hivierung.htm7http://www.novaline.de/ar
hivierung.html8http://www.do
uware.de9http://www.ots-ag.de/index.php?id=23110http://www.grith-ag.de/produkte/ar
hiv-box/bestellung/lizenz.html11http://www.avira.
om/de/for-home-avira-premium-se
urity-suite12http://de.norton.
om/360 53
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hivesupdate is essential for the sustainable preservation of the data and will be sold in 
om-bination with the 
lient software. In our business model it also in
ludes a hotline for
ustomer support. The pri
e of the servi
e depends on the grade of servi
e (e.g. quantityand quality of the providing preservation solutions, operation hours of the hotline andother support servi
es). In our example we assume an annual servi
e rate of 80e per
lient software for professional version. A redu
ed servi
e (redu
ed hotline support, moregeneri
 updates) is o�ered for the private user for 20 e per year.The third kind of in
ome is 
ustomisation requests for the adaption of the ar
hivesoftware and the servi
es. The 
ustomisation are de�ned in Se
tion 4.3.6. They in
ludethe following 
ustomisations,
• Quality assuran
e
• Metadata 
reation
• Integration of new preservation solutions
• QA preservation a
tionThe 
ustomisation is spe
i�
 for ea
h setting and very di�
ult to predi
t. In the loss -pro�t 
al
ulation in Se
tion 4.4.4 we assume that ten per
entage of the professional usersinvest one-time 1000e for the 
ustomisation of the software. The 
ustomisation 
an bene
essary for spe
ial legal obligations and requirements of an institution. The version forprivate use 
annot be 
ustomised.4.4.2. Preservation tasksIn order to provide a long term ar
hive, digital preservation tasks have to be exe
utedby the vendor. In the Life methodology three task were identi�ed in Chapter 3 for theupdate servi
e provider,
• Te
hnology Wat
h (a
tion)Te
hnology Wat
h is responsible to monitor the developments in te
hnology andtheir e�e
ts for an ar
hive system. It in
ludes te
hnology 
hanges in areas su
h as�le formats, rendering tools and storage media.
• Preservation Planning (a
tion)Triggered by developments in te
hnology the assessment of planning requirementsand preservation solution is a 
ore task of the preservation work for the ar
hivingsystem.
• User Support (a
tion)A user support needs to be provided by the software vendor. In this business planwe plan a help desk with hotline.Te
hnology wat
h and preservation planning need to be exe
uted by preservation ex-perts. Both tasks require profound knowledge of the domain. The out
ome of thea
tivities builds the basis for the update servi
e.
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4. Cost Model for Automated Preservation Ar
hives4.4.3. LabourIn this se
tion the labour for
e for the business is spe
i�ed. We identi�ed �ve types ofemployees that are required to run the business. We further des
ribe their tasks andresponsibilities. In loss - pro�t proje
tion in Se
tion 4.4.4 we provide an estimation ofthe yearly salaries and the required quantity of employees for the business.
• CEOThe CEO is responsible for the 
oordination and management of the business. Ate
hni
al ba
kground is essential as the CEO needs to lead the design and devel-opment of the software. The negations for 
ustomisation are also in 
harge of theCEO.
• Software DeveloperThe software developers are responsible to design and develop the automatedar
hive system. They are also in 
harge for implementing the 
ustomisation re-quests. The developers are the se
ond level support for the software.
• DP ExpertThe DP experts are responsible to a
quire the required knowledge in digital preser-vation to o�er the long term preservation system. Their input is required for thesoftware design, the update servi
e and the 
ustomisation request. The preserva-tion tasks de�ned in Se
tion 4.4.2 are also in their 
harge.
• Help deskThe help desk employees are operating a �rst level user support for the 
ustomersof the ar
hiving system. User support was identi�ed in the Life methodology as
ost item for an automated ar
hiving system (see Chapter 3).
• Marketing and SalesThe marketing and sales labours have two main tasks. The �rst one is the estab-lishment of a market for automated preservation ar
hives. The work in
ludes theidenti�
ation of main target 
ustomers and market and the usage of appropriatemarketing methods to 
reate needs. The se
ond task is the selling of the produ
tand 
ustomisation servi
es.4.4.4. Loss - Pro�t Cal
ulationIn this se
tion we provide a loss-pro�t 
al
ulation for a potential vendor of an automatedar
hing system. The aim of the 
al
ulation is to show the expe
ted �nan
ial performan
eof a business over the next �ve year and to indi
ate whether it makes or loses money.We will 
ompare the revenues with the expenses of the business to determine the pro�tand the return on investment (ROI). The 
al
ulation does not 
onsider debt �nan
ing asthis strongly depends on the a
tual implementation.We will provide loss-pro�t 
al
ulations for two potential s
enarios. The two s
enariosdi�er in the mix of professional and private users. In the �rst s
enario will fo
us more onprofessional users and the sales of servi
e 
ontra
ts and 
ustomisation of the software.In the se
ond s
enario private users and small o�
es and home o�
es (SOHOs) arethe target market. The business goal is the penetration of the mass market with an o�55



4. Cost Model for Automated Preservation Ar
hivesthe shelf software. Customisation of the software for larger and professional institutionswith spe
i�
 requirements is not part of the business.In the following 
hapters the business performan
e of the two s
enarios will be analysedand 
ompared.RevenueWe have to 
onsider three types of in
ome: the software produ
t, servi
e 
ontra
ts and
ustomisation. A few assumptions regarding the in
ome of the business have to be made.As we do not have any referen
e values we spe
i�ed the values for the sale to the best ofour knowledge.S
enario I - Professional usersThe fo
us of s
enario I lies on the professional se
tor and on the sale of servi
e 
ontra
tsand 
ustomisations 
ontra
ts. A software version for private users and SOHOs will beo�ered but do not have high priority in the business plan.
• The market laun
h of the ar
hive software for professional users is in year 2 ofthe business. The development of the private version takes one year longer as weassume that is based on the business version. We assume in
reasing sales �guresevery year, the numbers are spe
i�ed in 
olumn 'Amount prof.' and 'Amount priv.'of the Table 4.4.
• Every buyer of the professional ar
hive software takes the update servi
e on anaverage for 5 years. The pri
e for the update servi
e is 100e per year.
• Thirty per
entage of the buyers invest 1000e on average for the 
ustomisation ofthe software.The revenues of the business for the �rst �ve years are shown in Figure 4.4. We expe
tabout half of the in
ome from the 
ustomisation and servi
e 
ontra
ts. The sale and themarketing a
tivities are fo
used on a
quisition of new business 
ustomer in new areasand on follow-on 
ontra
ts of 
ustomisation with existing 
ustomers. The sale of thesoftware for private users makes only a small 
ontribution to the operating result.S
enario II - Private usersIn the se
ond s
enario only a software version for private users and small and homeo�
es will be o�ered. A few assumptions have to be made,
• The market laun
h of the ar
hive software for private users and SOHOS is at thebeginning of year 2. The sale �gure for SOHOS and private users are di�
ult toassess. There are no publi
 referen
es of sale �gures of 
omparable software prod-u
ts. Our assumptions are spe
i�ed in Figure 4.6. Through a massive marketing
ampaign in year 2 we expe
t high sale �gures from the start. We also assume araise of sale in year 3. In year four the sales rea
hes 10.000 sales per year. Weassume that the sales should level o� by around 10.000 sales per year. In year 5 we56



4. Cost Model for Automated Preservation Ar
hivesexpe
t a de
rease of sales due to the laun
h of rival produ
ts. Within the four yearsof sale that we 
onsider in this loss-pro�t 
al
ulation, updates and new version ofthe software will be released.In this s
enario we use a sale pri
e of the software for private users of 120e. Thesoftware has been spe
i�
ally developed for the private users. Therefor we assumea higher sale pri
e than in s
enario one. We assume a annual servi
e fee of 20eper user for updates of the software and the rule basis. The updates for the �rstyear are in
luded, the payments of the servi
e fee starts in the year after buyingthe software.The revenues of the business for the �rst �ve years are shown in Figure 4.6. In year 1 noin
omes are expe
ted. The sales of the software in
reases the revenues up to 1.200.000ein year 2 to 4. In year 5 a redu
ed sales de
reases the sales revenue. The in
omes fromthe servi
e fee keeps growing up to 480.000e in year 5. The total earning sum rea
hesone and a half million Euro in year 4 and 5. Due to the up
oming 
ompetitors we expe
tthat the in
omes maintain at that level for the next years.ExpensesIn this se
tion the expe
ted expenses for the �rst �ve years are spe
i�ed. The labourfor
es are the main 
ost fa
tor. We assess referen
e salaries and the quantity of employeesthat are required to run the business.The following positions and salaries are assumed for the business, the amount of em-ployments are de�ned for ea
h s
enario,
• CEO As a referen
e for the annual salary we use the above average salary a leadingposition in IT with personnel responsibility with several years of work experien
efrom 13. Salary: 90.000 e
• Software DeveloperSalary13: 43.000e:
• Help deskSalary13: 36.000e
• DP ExpertBased on the �gures at 13we assess an annual salary for a expert with several yearwork experien
e of 80.000e.
• Marketing and SalesSalary14: 67.000 eS
enario I - Professional users13Salary retrieved November 2010 from http://www.stepstone.de/Karriere-Bewerbungstipps/gehalt/gehaelter-im-berei
h-it.
fm14Salary retrieved November 2010, mean produ
t manager salary for pharma
euti
al industry fromhttp://www.stepstone.de/Karriere-Bewerbungstipps/gehalt/gehalt-im-sales.
fm57



4. Cost Model for Automated Preservation Ar
hivesAn overview of the employments and the 
orresponding 
osts is shown in Table 4.3in
luding quantity of employments per year in per
entage (100% is equal to a full timeposition).We assume that the main development e�ort will be in the �rst two years. In thisperiod we need high e�ort of developers and DP experts. After that we have a de
reaseof the employment of developers and DP experts. The marketing is done vi
e versa,after the planned release of the software in year 2 the amount of work will in
rease. Therequired labour for
es are estimated to the best of our knowledge.We 
an provide a rough estimate for the required labour for
e to serve the expe
ted
ustomisation requests for the ar
hive software. Based on the expe
ted 
ustomisationspending of the 
ustomers and the expe
ted sales �gures the 
ustomisation in
ome 
anbe 
al
ulated (see Table 4.4). Table 4.2 shows the 
al
ulation of workload for the 
us-tomisation for the �rst 5 years. We assume that 40% of the 
ustomisation in
omes areoverhead (in
luding management and pro�t) and 60% work load. Software developerand DP-experts 
arry out 
ustomisation request. We assume that a quarter of the worke�ort has to be exe
uted by DP-experts and the rest is development work. The hourlyrate for developers that is 
harged to 
ustomers for 
ustomisation is 90e and 150e forDP-experts. Based on these �gures we 
an 
al
ulate the annual working load in hoursfor developers and DP-experts. It is shown in Table 4.2 
olumn 'Developers [h℄' and'DP-Experts [h℄'. The next 
olumn in Table 4.2 shows work load in per
entage of a fullposition. The result help to assess the required labour for
e for 
ustomisation request.Figure 4.3 gives an overview of all employees of the business and the 
orresponding 
osts.An overhead rate of 100% of the salaries is assumed to 
over all administrative a
tivities.The 
ompany will need one CEO full time employed. In the �rst two years moredevelopment work is required to implement the ar
hive software. A �rst release of thesoftware for professional users is s
heduled in year two. After the release bug �xing andsmall improvement will be the main tasks for the ar
hiving software. For the softwareversion for the private users only minimal e�ort is planned. We assume that we need fourfull time developers in the �rst year and three in the se
ond year for the development. Inyear 3 and 4 we 
an further redu
e the development e�ort. The in
reasing 
ustomisatione�ort (as 
al
ulated in Table 4.2) requires more software developers in year four and �ve(as shown in Table 4.3). In year �ve the business needs at least �ve full time developersto ful�ll the 
ustomisation requests.The help desk starts in year 2 after the produ
t laun
h. In year 2 and 3 of the businessa half time employee will be su�
ient for the help desk work. In
reasing users will requirea fulltime position in year 4 and two in year 5.Two full time DP-experts are planned for the �rst year to a
quire the required knowl-edge and to design the ar
hiving system. The employment rate 
an be redu
ed in the inthe following years. Due to the in
rease of 
ustomisation requests we need to in
reasethe employment in year 4 and 5.In the �rst year market analysis and preparations for the market laun
h have to bedone. One full time position is foreseen. Starting from the se
ond year two full timemarketing and sales employees are planned.58



4. Cost Model for Automated Preservation Ar
hivesTwo other expenses were identi�ed, infrastru
ture and marketing. For the infrastru
-ture we plane major investment of 8.000e in the �rst year, hardware for the employeesand server for update servi
e. The major 
ost items of infrastru
ture are hardware, ser-vi
e 
osts for internet and telephone. We assume average annual expenses of 2.000e forthe infrastru
ture in year 2 and 3. Due to the in
rease in personal in year 4 and 5, theexpenses for the infrastru
ture will raise to 4.000e.Marketing 
osts 
overs, for example, promotion material, trade-fair appearan
e, ad-vertises in spe
ialist journal and the website. In the �rst two years we need to establisha market and do intensive marketing in sele
ted business segments. We estimate 
osts of400.000e for this period. After that we plan to redu
e the budget to 100.000e per year.The business goal is to keep existing 
ustomers and get follow-up proje
ts. Table 4.4shows an overview of all expenses per year.S
enario II - Private usersThe major expenses are the personal 
osts. They are shown in Table 4.3. One fulltime CEO takes 
are of the 
oordination and management of the business. In the �rstyear the major design and development work of the long term preservation software isdone. Three developers and one DP expert are responsible for the produ
t development.The �rst release is s
heduled for the beginning of the se
ond year. After the release thedevelopment e�ort is redu
ed. Bug�xing and development of a new version requires lesse�ort. The developers are redu
ed to two full time employees in year two and 1,5 in thefollowing years. The employment of DP Experts is redu
ed to 25% in year 3 to 5. Theexperts are only responsible for update of the preservation rules.In the s
enario with only private users and SOHOs only minimal 
ustomer support isprovided. Table 4.3 shows the minimal employment of help desk sta�.An important aspe
t for s
enario II is the marketing. We have a 
lear fo
us on massmarketing for private and SOHOs. The marketing a
tivities start with the release of theprodu
t in year two. The used marketing tool di�ers signi�
ant to those of s
enario I.Two full time marketing sta� will take 
are of promoting the software. Table 4.6 showsthat the business invests 150.000e in marketing a
tivates. The marketing budget remainsthe same over the year. The primary aim is to attra
t new 
ustomers.Loss - Pro�t Proje
tionThe loss - pro�t proje
tion 
ompares the expe
ted earnings with the expenses.S
enario I - Professional usersThe results for s
enario I are shown in Table 4.4 and the a

ording a 
hart in Table 4.2.In the �rst year we have high expenses for personal and marketing and only minimalrevenues. The initial development work and market establishment requires 
onsiderable�nan
ial expenses in the �rst years of the business. In year 3 the in
omes ex
eed theexpenses. The ROI values falls to -2.218.500,00e in year 3. A sharp in
rease in earnings
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4. Cost Model for Automated Preservation Ar
hives

Figure 4.2.: S
enario I - Loss - Pro�t proje
tion diagramleads to a positive 
hange in the performan
e in year 4 and 5. The business is able tobreak even in year 5 and earns a net pro�t at the end of the year of about 700K Euro.The proje
tion shows that the business requires a relatively high degree of personnel.The su

ess of the business hinges on the sale of the software. The 
ustomisation andthe servi
e 
ontra
ts are major sour
es of in
ome as well. The software for private usersprovides a marginal 
ontribution to the business �nan
es. The risk of the presentedenterprise is relative high as the return of investment is in the long term and a high levelof debt is required.
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Table 4.2.: S
enario I - Workload for 
ustomisation

Table 4.3.: S
enario I - Vendor employees

Table 4.4.: S
enario I - Loss - Pro�t proje
tions
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4. Cost Model for Automated Preservation Ar
hives

Figure 4.3.: S
enario II - Loss - Pro�t proje
tion diagramS
enario II - Private users Figure 4.3 shows the performan
e of the se
ond s
enario.The development of the ROI is mu
h more �at than 
ompared to s
enario I. The ROIrea
hes -756.000e in year two and the break even is in year three. The shorter business
y
le is more attra
tive. A risk of s
enario II is the sale �gures of the software. Prognosesfor market of private users are more di�
ult and un
ertain than for the professionalse
tor. Figure 4.3 shows that the expenses rea
h a stable level after year three. Dueto the in
reasing servi
e 
ontra
ts every year the in
omes are 
onstantly rising. Thein
omes rea
h about 1,5 million Euro in year three and four. The pro�t per year is lessthan in s
enario one, but the initial investment is lower in this s
enario.
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Table 4.5.: S
enario II - Vendor employees

Table 4.6.: S
enario II - Loss - Pro�t proje
tions
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4. Cost Model for Automated Preservation Ar
hives4.5. SummaryThis 
hapter presented the 
ost model for small s
ale automated digital preservationsystem. It aims at providing a simple to use methodology to 
al
ulate the life 
y
le 
ostof preserving a digital 
olle
tion.In order to provide a 
on
rete model and 
ost formulas with measurable input fa
torsa number of assumptions and 
onditions for the 
ost model are de�ned. The modelis designed for settings that are using automated digital preservation system. Thesesystems exe
utes 
ertain preservation task automati
ally or provide re
ommendationand guidelines.Automated preservation systems are designed for institutions with limited in-houseexpertise of digital preservation. The required knowledge is provided via an externalservi
e from a third party. The host institution pays a servi
e fee for using this servi
es.The model is based on a 
lient-server ar
hite
ture. The 
lient side represents thehost institution that runs the ar
hival system. The server side shows a potential softwarevendor of an automated preservation system. The vendor operates the knowledge servi
esfor the host institutions. For the 
lient side a 
ost model based on the Life methodologywas de�ned. For the server side the business model in
luding loss-pro�t 
al
ulation is
reated. The 
ost items of the Life model v2 were analysed in how far they are appli
ablefor small s
ale automated preservation system in Chapter 3. The relevant 
ost itemswere identi�ed. The 
ost model 
overs the life 
y
le 
ost for a digital 
olle
tion in
ludingingest, update, bit-stream preservation, logi
al preservation and software systems. TheLife model was extended by 
ost 
ategory 'software system' that 
overs all 
osts relatedto the software of the automated preservation system. The software and dire
t asso
iated
osts represents a key 
ost item of setting using automated ar
hival software systems.The modular stru
ture of the Life model was kept in the here presented model. The
ost of a single item 
an be 
al
ulated separately. The suggested formulas 
an be easilyadjusted or repla
ed by a
tual 
osts or other models for 
ost 
al
ulation.In the model a set of formulas are provided to assess the 
osts of the single 
ost items.The formulas 
over three types of 
osts: manual work that has to be done by a user,pur
hases of physi
al items (su
h as storage media) and servi
e 
osts (e.g. software fee,online storage). The model has a parti
ular emphasis on the assessment of the manualwork. The estimation of working hours for a user helps not only to 
al
ulate the 
ostsbut also to plan the e�ort for the user.The assessment of the work done by a user is a 
hallenging task as it depends onthe setting, the system and the user. The model addresses the 
hallenges on di�erentlevels. For example model variables are provided that represents 
ommon measurementsof parti
ular settings (e.g. similar software system). These measurements in
lude forexample the average time a user spend for 
ertain tasks. Moreover the 
ost model
onsiders di�erent level of preservation requirements for a given setting. Depending onrequirements the user will put more or less e�ort in spe
i�
 a
tivities and thereforeinvesting more time in exe
uting tasks (for example monitoring or sele
tion of sour
edata). Error models in the model for ba
kup and preservation help to further re�ne64



4. Cost Model for Automated Preservation Ar
hivesthe e�ort estimation for manual work. Based on error rates the e�ort for monitoringpro
esses and �xing problems 
an be assessed.Within the provided formulas two kinds of variables are used: model variables and
ost fa
tors. The model variables are prede�ned. They provide 
ommon measurementsof similar settings (e.g. same software system). Examples for model variables are e�ortfor review of the data sele
tion every year, mean failure rate for ba
kup. These variableshelp institutions with no empiri
al values as guidelines to start. Over time, these variableswill be adjusted and �ne-tuned by the host intuitions based on their real measurementsand experien
e.The se
ond kind of variable are 
ost fa
tors that are individual for ea
h setting. Basedthese set of measurable input fa
tors the 
osts 
an be 
al
ulate for the 
ost items usingthe provided formulas. Example of 
ost fa
tors are size of 
olle
tion, number of obje
ts,
ost for manual work and requirement level.The model deals with 
ost in the future. The pri
e development needs to be 
onsideredover time. For the 
ost 
al
ulation the in�ation-adjusted pri
es are used. It allows the
omparison of 
osts of di�erent years with ea
h other and the identi�
ation of 
osts trends.There are two ex
eptions the salaries and the 
osts for storage. Their development usuallydi�ers from the general pri
e index. Separate 
ost models are used for these two 
ostitems.Digital preservation ar
hives have a very long planning horizon (starting from 5, 10up to 20 years or even longer). The here provided 
ost model 
an be used to have aa

urate 
ost 
al
ulation for the short term (2-3 years). For a longer planning horizonthe 
osts 
annot be sensible model, but a 
osts trend for the medium and long term
an be identi�ed. The pre
ision of the 
ost predi
tion will de
rease for longer planninghorizons, but the general trend 
an be determined whether the 
osts in
rease, stay stableor even de
rease over the time.The main obje
tive of the 
ost model is the identi�
ation of the major 
ost items forpreserving a digital 
olle
tion in a spe
i�
 setting.The server side of the 
ost model represents a potential vendor of the 
lient automatedpreservation software. The vendor also operates the knowledge servi
e that providesmissing know-how in digital preservation for the 
lient appli
ations.A business model is presented in this 
hapter 
onsidering the business pro�le, requiredlabour skills and expe
ted �nan
ial performan
es. The business pro�le in
ludes an anal-ysis of the target market, their potential and growth expe
tations. Due to the la
k ofavailable market analysis and data for long term preservation system, information and�gures of related markets segments were used for the business plan (e.g. ar
hiving se
-tor). The growth trends and revenue �gures from related market segments indi
ate ahigh potential for market of automated preservation system for small intuitions. Thepri
ing poli
ies for the produ
ts and servi
es are analyzed. The pri
e ranges are iden-ti�ed that are a

epted by potential users. The required labour for
e and skills for apotential business are identi�ed.In a loss pro�t 
al
ulation the expe
ted expenses are 
ompared with the fore
asted in-
omes to determine the expe
ted 
ash �ow and the return of investment of the business.65



4. Cost Model for Automated Preservation Ar
hivesThe 
onsidered in
omes in
lude the software produ
t, servi
e 
ontra
ts and 
ustomiza-tion. Two s
enarios of di�erent 
ustomers mix are used for the loss pro�t 
al
ulation.The �rst one s
enarios fo
us on professional users with higher sales of servi
e 
ontra
tsand 
ustomisation proje
ts.In the se
ond s
enario the target 
ustomers are private users and SOHOs (small o�
esand home o�
es). The goal is the penetration of the mass market with standard softwareand less 
ustomisation or servi
e. The two s
enarios result in di�erent business 
on
epts.A fore
ast of the expe
ted sales and expenses is shown in this 
hapter.In the �rst s
enario the business makes losses in the �rst three years of business, butturns into pro�t of about 1,5 million Euro in year 4 and 5. The losses in year 1 and 2 arerelatively high with about one million Euro ea
h year. The business is able to break evenin year 5. The long investment period pose a high risk for the entrepreneur. Commonbusiness 
y
les have a ROI within 2-3 years.In the se
ond s
enario the 
ash �ow shows a �atter development 
ompared to s
enarioone. The business starts to make pro�t from year three and breaks even in year three.It requires less initial investment. The shorter business 
y
le and the lower investmentmake it more attra
tive for investors.In both s
enarios the business rea
hes pro�t within the proje
ted �ve years. Synergye�e
ts for 
ompanies with existing data management solution 
an redu
e the investmentsand result in better �ni
al performan
es (e.g. earlier ROI).
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5. Case StudyIn this 
hapter two 
ase studies are presented demonstrating the pra
ti
al appli
ationof the 
ost model. The �rst study deals with a small 
olle
tion of o�
e data. In these
ond study the 
osts for preserving the te
hni
al do
uments of a small engineering
ompany are 
al
ulated. The two 
ase studies shows two s
enarios with di�erent settingsand requirements levels. The aim of the 
al
ulation is to identify the major 
ost itemsof ea
h setting. For a later implementation phase of the ar
hive parti
ular attention ispayed to the identi�ed items and their asso
iated 
osts. The se
ond goal for this 
asestudies is the long term development of the 
osts. In parti
ular for the se
ond s
enariothe 
ost e�e
ts of strong growing 
olle
tion are of interests.The �rst study represents a small 
ompany with basi
 preservation requirements pre-serving a small data 
olle
tion (Se
tion 5.1). The primary goal of the 
ase study is tokeep the 
osts as low as possible.The se
ond study deals with a setting with higher requirements for the preservation.The data 
olle
tion in
ludes 
onstru
tion drawings that require individual preservationsolutions. The long term ar
hive should also eliminate the risk of data loss 
aused bynatural disasters. Online storage is used for an o�-site lo
ation 
opy of the data. Thedata 
olle
tion in the se
ond s
enario is larger than in the �rst s
enario. The initial
olle
tion has a size of 1.290GB and a strong growth is expe
ted every year.In both s
enarios the ar
hives are built from s
rat
h. All 
osts in the 
ase studies arein Euros. The same storage 
ost pri
es are used in both studies. The 
al
ulation of thestorage 
osts is shown in Table A.3 in Appendix A. Starting from a 
urrent pri
e levelof 0,87e for re-write, 0,32e for write-on
e and 1,80e for online storage per gigabyte the
osts for the following years are 
al
ulated. The used storage 
apa
ity improvement ratesper year are 0,1% for re-write, 0,01% for write on
e and 0,07% for online.The used model variables for the 
ase studies are listed in Table A.2 in Appendix A .5.1. O�
e dataThe �rst study 
overs the o�
e data of a small 
ompany. The digital 
olle
tion 
onsistsof text do
uments, presentation and spread sheets. For business reasons and legal obliga-tions a set of do
uments should be persevered for the long term. The do
uments in
ludedo
umentation about 
onstru
tions and �nan
ial reports of proje
ts. At the momentthe do
uments are stored and managed on a 
entral data server. The data of the servershould be preserved. No spe
i�
 sele
tion or �ltering of the data is done.Due to legal obligations the 
ompany must provide spe
i�
 proje
t do
umentationsupon request. The relevant do
uments are tagged in the ar
hive with spe
i�
 metadata67



5. Case Studyfor easy re
overy.5.1.1. Colle
tionThe 
olle
tion 
onsists of a large number of small obje
ts (average size is about 200KB).The 
osts of preserving the data 
olle
tion for 20 year (year 0 - 19) are 
al
ulated. Anoverview of all 
ost fa
tors used in the 
ase study is shown in Table 5.1.The initial 
olle
tion has a size of 75 GB and 
onsists of about 360.000 obje
ts. Weassume half-yearly updates of the holding. Three external hard dis
s and one 
opy onDVDs are used to store the data. One hard dis
 
opy is stored on an o�-site lo
ation fordisaster re
overy, the annual 
ost for the storage lo
ation are 150e. Using the data fromthe last years, we assume an average 
ollation grow rate (r
g) of 4%. The ar
hive storesdi�erent versions of obje
ts (versioning). About 2 GB of ar
hived data are being editedevery year. The 
al
ulation of 
olle
tion size is shown in Table 5.2.The data in the 
olle
tion 
onsists of 
ommon o�
e do
uments 
reated with standardsoftware. The host institution has basi
 preservation requirements. Obje
t in formatsof immediate risk be
oming obsolete are migrated into new formats. The migration sizerate (rms) is set at 0,02 as well as the migration number rate (rnm).Due to the basi
 requirements the user requirements level is set at one.5.1.2. Storage 
ostsBased on the storage size (sown in Table 5.2) the 
ost for the storage hardware 
an be
al
ulated. Three re-write media (e.g. external hard dis
s) and one write-on
e media(e.g. DVDs) are used in this s
enario. In order to avoid physi
al data loss the re-writemedia are refreshed every 4 years and write on
e media every 3 years.The 
ost 
al
ulation of the storage hardware, refreshment and storage pro
urementis shown in Table 5.4. The �gure shows the initial investment of both media types inyear 0. It also exposes the relatively high 
osts for the manual task refreshment of themedia (shown in 
olumn '
re(t)' in Table 5.4). The refreshment requires time-
onsumingmanual work that is 
ostly.The model allows the estimation of the required manual work for spe
i�
 tasks. Theduration for storage media refreshment are assessed for re-write media to be at two hoursand for write on
e media at three hours. Table 5.5 shows the estimations of the work forea
h year.Table 5.4 shows the di�erent refreshment 
y
les of the media types (3 and 4 years
olumn '
shh'). In this s
enario we also 
an observe an in
rease in the total storage
osts (see 
olumn 'total 
osts')). The 
ost of the a
tual hardware does not signi�
antlyin
rease (for re-write media it even de
rease over time). The main reason for in
reaseof storage 
osts is the in
rease of the 
osts for labour work (refreshment RW + WO see
olumn '
re(t)' and 'storage pro
urment(
sp(t)' in Table 5.4).
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5. Case Study5.1.3. Labour 
ostsThe hourly rate of a user is set at 140e with an annual in
rease of 1,5%. The hourlyrate for the following years is 
al
ulated (see Table 5.3).Table 5.5 shows the estimation of the manual e�ort (in hours work) per 
ost item forea
h year. The manual assignment of metadata is estimated with 16 hours per year. Twoday of user work is estimated to assign metadata for ea
h update of the ar
hive. Therefreshment of write on
e media 
auses a 
onsiderable e�ort every 3 years.All other a
tivities 
ause relatively small e�ort. In the �rst year of the ar
hive ad-ditional e�ort is required to set up the ar
hive in
luding de�nition of the poli
ies andsele
tion of data. The overall e�ort of manual work is between 20 hours and 30 hoursper year.The manual work is very expensive 
ompared to the other 
osts of the repository. The
al
ulation of the work hours has signi�
ant impa
t on the overall 
osts. In order to avoidover- or underassessment of the 
ost the user's a
tivities have to be 
arefully 
onsidered.Empiri
al values and a
tive monitoring of the a
tivities help to improve the a

ura
y ofthe 
al
ulation.5.1.4. Overall expensesThe overall expenses are shown in Table 5.6. The total 
osts vary between 3.200e and5.500e. The total 
ost of the digital ar
hive in
reases over the years. The trend isillustrated in Figure 5.1. The in
rease is 
aused by the yearly adjustment of manualwork 
osts. This trend 
an be seen in the 
ost items 'a
quisition' and 'ingest'. They
onsist of 
onstant manual e�ort over time.A 
loser look at the table shows that the metadata 
reation is the most expensive
ost item. Cost of refreshment and holding update 
auses also high 
osts. A
tivities thatrequires user work 
auses the main part of the total 
osts. The estimated workload of theuser for preservation a
tivities is between 20 and 33 hours per year (shown in Table 5.3).Figure 5.1 shows the total 
ost and the 
osts due to user work. Over 90 per
entage pointsof the total 
osts are labour work 
osts.Figure 5.1 shows the steady, slightly in
reasing total 
ost for the next years. At regularintervals there are some higher outliers. Storage media refreshment 
auses the outliers.Every 3 and 4 years old storage media are repla
ed by new media. The higher outliersare every three years, 
aused by the more expensive write on
e media. Write on
e mediarequire also more time and work for the refreshment than re-write media.The 
ase study presents the 
osts for a small long term ar
hive of o�
e data. The�nan
ial e�ort for an automated ar
hive are relatively low whi
h makes is pra
ti
al small-sized 
ompanies.
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5. Case Study

Table 5.1.: Case study 1 - O�
e data: Input 
ost fa
tors
70
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Table 5.2.: Case study 1 - O�
e data: Colle
tion size

Table 5.3.: Case study 1 - O�
e data: Labour 
osts
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Table 5.4.: Case study 1 - O�
e data: Storage 
ost
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Table 5.5.: Case study 1 - O�
e data: Labour work
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Table 5.6.: Case study 1 - O�
e data: Overall expenses

74



5. Case Study

Figure 5.1.: Case study 1 - O�
e data: Overall 
osts and manual 
osts5.2. Engineering 
onsultantsThe se
ond study deals with the digital 
olle
tion of a small engineering 
ompany. The
ompany is spe
ialized in the design of for
e transmission for industrial ma
hinery. Thedesign drawing, 
al
ulations, simulation results and 
erti�
ates are valuable digital assetsfor the future. There are no legal obligations to preserve the data. The management andthe lawyers de
ided to preserve the digital data for potential re
ourse 
laim. The usuallylife times of for
e remissions are about 20 years.Another motivation for building a long term ar
hive is the use of an online storageservi
e as o�-site lo
ation 
opy of the data. In 
ase of natural disasters (�ood, �re,earthquake) a 
opy of important data is available.The 
ompany has a one-man IT-department whi
h is mainly responsible for main-taining the 
lient 
omputers. Other IT-servi
es are outsour
ed. An automated solutionshould be realised providing long term preservation 
apabilities requiring minimal expertknowledge.The input parameters for the 
osts 
al
ulation are shown in Table 5.7.5.2.1. Colle
tionThe 
olle
tion 
onsists of o�
e data, digitized 
erti�
ates, 
al
ulations, simulations and
onstru
tion drawings in various formats. The initial 
olle
tion 
onsists of 675.000 obje
tsand has a size of 1.290GB. The do
uments are stored only in the last version.A rapid growth of the 
olle
tion is expe
ted, about doubling the size every six years.More detailed and 
omplex simulations and 
onstru
tion drawings require more storage
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5. Case Study
apa
ity. The average growth of the 
olle
tion in
luding new do
uments and migratedobje
ts is about 12% every year.Most of the do
uments are in 
ommon o�
e or image formats. The 
onstru
tiondrawings are in CAD format and the simulation data are in high-level te
hni
al 
omputingformat. The preservation of the 
onstru
tion drawings and the simulation data requireindividual adjusted preservation solutions. The preservation system software providero�ers 
ustomised preservation rules and servi
es supporting for both formats for a yearlyfee of 1.500e.5.2.2. Storage 
ostsThe data are stored on two separate hard dis
 storage devi
es at the host institutions.An online storage servi
e is used for a third 
opy on an o�-site lo
ation. The ar
hive isupdated every quarter.Major 
osts of the ar
hive are 
aused by storage. An overview about the storage 
ostsis given in Table 5.8. The 
ost for bit preservation makes up around 40% of the total
osts. The servi
e 
osts for online storage are about 2.500e per year for the �rst years ofoperation of the ar
hive. The pur
hases of hard dis
s 
ause high 
osts every �ve years.Figure 5.2 shows the periodi
 additional expenses for new storage hardware.5.2.3. Labour 
ostsLabour 
osts 
auses about 40% of the total 
osts. The estimated labour e�ort is shownin Table 5.9. The table shows a signi�
ant in
rease of e�ort in quality assuran
e ofpreservation a
tions over time. The strong growth of obje
ts in the 
olle
tion and highpreservation requirements 
ause the additional e�ort for the quality assuran
e. Thein
rease of the total 
osts over time as illustrated in Figure 5.2 is mainly 
aused byin
rease of e�ort in quality assuran
e.The update of the holdings is also 
ostly in terms of labour. All other a
tivities arerelatively moderate.5.2.4. Overall expensesThe result of the 
ost 
al
ulation is shown in Table 5.10. Figure 5.2 shows a visualisationof the 
ost development. The total 
osts of the ar
hive in
rease about 5% every year(ignoring the years of hardware migration). The in
rease is mainly 
aused by the in
reaseof e�ort in quality assuran
e of preservation a
tion and the salary adjustment.About 40% of the 
osts are 
aused by the storage 
osts (online servi
e and storagemedia). Manual work 
ause also about 40% of the total 
osts.The strong growth of the 
olle
tion size and amount of obje
ts 
auses an in
rease in
ost over time. The long term development with 5% is moderate, but there are somehigh outliers for hardware migration. The total 
ost level (between 6.500 and 15.000e)for preserving a 
olle
tion of this size seems feasible for an organisation.
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Figure 5.2.: Case study 2 - Te
hni
al do
uments: Overall 
osts and manual 
osts
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Table 5.7.: Case study 2 - Te
hni
al do
uments: Input 
ost fa
tors
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Table 5.8.: Case study 2 - Te
hni
al do
uments: Storage 
ost
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Table 5.9.: Case study 2 - Te
hni
al do
uments: Labour work
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Table 5.10.: Case study 2 - Te
hni
al do
uments: Overall expenses
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5. Case Study5.3. SummaryIn this se
tion the 
ost of two di�erent s
enarios are 
al
ulated by using the developed
ost model. In the �rst s
enario the o�
e data 
olle
tion of a small 
ompany is preservedwith the aim of minimal 
osts. A small 
olle
tion of o�
e data should be preserved forlegal obligations. A low growth of the 
olle
tion is expe
ted. The data 
onsist of 
ommondata formats. The 
ost 
al
ulation indi
ates that the 
osts remain for the s
enario ata low level over time. The major 
ost item is the manual assignment of metadata. Allother 
osts are 
omparatively minimal.The se
ond s
enario deals with a large 
olle
tion of te
hni
al do
uments. The preserva-tion requirements are higher than in the �rst s
enario. A strong growth of the 
olle
tion isexpe
ted. The predi
ted 
osts for storage hardware will in
rease over time. The strongestin
rease of 
osts is expe
ted for the quality assuran
e of preservation a
tions. The rapidgrowth of digital obje
ts in the 
olle
tion and the high preservation requirements 
ausethe growth in e�ort for quality assuran
e.The in
rease of the 
olle
tion size result in a 
onstant in
rease of the life 
y
le 
osts.The hardware migration requires large expenditures on a regular basis. Major 
ost itemsare the 
ost for storage, 
ustomisation and manual work for update the holding andquality assuran
e.The 
ase studies have shown the appli
ation of the 
ost model in two di�erent s
enarios.The out
ome allows to plan the budget and personal resour
es for an long term ar
hive.
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6. Con
lusionThis master thesis presents a 
ost model for small s
ale automated preservation system.It provides a 
omprehensive methodology to assess the expenses for preserving a digital
olle
tion. It aims to provide a simple to use methodology to 
al
ulate all 
ost that arerelevant for small s
ale setting using automated preservation systems.Today, information are mainly 
reated, ex
hanged and stored in digital form. Pre-serving digital information over time is be
oming in
reasingly important for a growingnumber of institutions. Digital assets form 
onsiderable value for business in the mediumand long term. Digital preservation addresses the 
hallenge of ensuring a

ess to digitalinformation over time.A prime 
hallenge of preservation a
tivities is the 
al
ulation of 
osts. In terms of longterm ar
hives the 
osts of the next few years are of interest as well as the 
ost trendin the long term - for the next 5, 10 or 20 years. Suitable 
ost models are required forplanning the 
osts of a long term ar
hive.The here presented 
ost model is designed for settings using automated preservationsystems. The target user group of automated system are institutions with limited in-house resour
es and expertise in digital preservation. The systems should provide easy-to-use solutions that do not need profound expert knowledge. For automated system weassume a 
lient server ar
hite
ture, where missing expertise is provided via an externalservi
e to the 
lient side.Chapter 2 provides an overview of related work in the �eld of 
osts models for digitalpreservation. It shows the �rst attempts to systemati
ally identify the 
ost related todigital preservation. Most of the models had a very spe
ial fo
us of either formats orinstitutional settings (e.g. library). Most of them are not very �exible and not suitablefor a wide range of appli
ations.Only few of the 
ost models provide veri�
ation and are applied in di�erent settings. A
omparison of the di�erent models is provided in Chapter 2. It shows the trend towardsa
tivity based 
ost models. The 
omparison further shows that the Life model provide awell-stru
tured and matured model for 
ost 
al
ulation. The Life model was designed forthe library se
tor and su

essfully applied in di�erent real world s
enarios. The modelwas reviewed by external experts and re�ned in several iterations. The Life model version2 was 
hosen as a basis for the here presented 
ost model.In order to provide a detailed 
osts model the boundaries of the model need to bede�ned. A number of assumptions and 
onditions help to set the s
ope of the model.For example we assume the host institution holds all rights to store and preserve thedata. The right and li
ensing management of the data are not further 
onsidered inthe model. Another 
ondition de�nes the use of automated preservation system thatexe
utes a
tivities of the ar
hive automati
ally. Settings with data volumes that require83



6. Con
lusionspe
ial 
ustomised and maintained storage infrastru
ture are not 
overed with the pa-rameters provided in the formulas of the model. The 
onditions are set to mat
h 
ommonpreservation setting with small data 
olle
tions.In a �rst step to develop a 
ost model the Life model was analysed how far the 
ostitems are appli
able for small s
ale automated preservation system. As the Life model isdesigned on a generi
 level not all of the 
ost item are relevant for an automated system.Moreover not all 
ost items that are appli
able to su
h a system a
tually 
ause dire
t
osts. Many a
tivities and task listed in the Life model are exe
uted automati
ally. Inorder to 
onsider the 
osts for the ar
hive software and the external knowledge servi
ethe model was extended by the 
ategory 'software 
osts'. It 
overs all 
osts related tothe ar
hive software system and software servi
es.The 
ost model was designed for the 
lient side of a preservation system. The modelenables the host initiations to assess the life 
y
le 
osts for preserving a digital 
olle
tionover time. For the server side a business model was 
reated for a potential softwarevendor providing the preservation system and external knowledge servi
e.The developed 
ost model is shown in Figure 4.1. The model is a adaption and ex-tension of the Life model v2. The modular stru
ture of the original model was kept.It allows easy adjustment of the 
ost items a

ording a
tual 
onditions. Formulas forthe 
ost 
al
ulation are provided in the model 
onsidering the environment, requirement,obligations and optional e�ort of di�erent settings.The 
hief aim of the 
ost model is the identi�
ation of the major 
ost fa
tors of apreservation setting and assessment of the 
ost development over time. The model 
on-siders three types of 
osts: work that has to be done by a user, pur
hases (su
h as storagehardware) and other expenses (su
h as servi
e fees). The model supports the estimationof the user's e�ort that is required for exe
uting tasks of the ar
hive (e.g. sele
tion of
ontent, analysing the report and error logs). A model for estimate error rates duringthe migration and ba
kup pro
ess is introdu
ed in the 
ost model. It helps institution togain a better understanding of the e�ort and the asso
iated 
osts of operating a digitalar
hive.Other expenses of preserving a 
olle
tion are storage media. The model provides adetailed 
al
ulation of the required storage devi
es. It supports di�erent storage media,su
h as write on
e, re-write or online media. The model 
onsiders the di�erent lifespanof media and the 
osts for the required storage media migrations. For medium andlong-term planning a model for 
al
ulating the 
ost development of the storage media isintrodu
ed.In order to help to assess the 
osts of the single 
ost items in the model a number offormulas is provided. They support the assessment of the user work and the asso
iated
osts of 
ost items. The formulas are designed to be used with measurable input fa
tors.The modular and adaptive stru
ture of the model allows easy adjustment of the providedformulas for the individual 
hara
teristi
s of di�erent settings. The formulas help toidentify expensive and work intensive 
ost items.The server side of the 
ost model represents a potential vendor of the automatedpreservation software. The vendor provides the 
lient side automated preservation sys-84



6. Con
lusiontem software and a knowledge update servi
e. The servi
e transfers missing know-howand expertise in digital preservation to the 
lient side. A business model was 
reated toanalyse the potential market and �ni
al performan
e for a vendor of automated preser-vation systems.The business pro�le in
ludes a dis
ussion about the target market, required labour and�nan
ial aspe
ts. There is no established digital preservation market for small institutionso far and no market data are publi
 available. Figures from related market segments were
onsidered for the business pro�le. The growth trends and revenue �gures from relatedmarkets indi
ate a high potential for automated preservation system in the future. Inparti
ular solutions for e-mail ar
hives shows very good sale �gures.Two s
enarios for a loss pro�t 
al
ulation were analysed to determine the expe
ted
ash �ow and the return of investment. The �rst s
enario fo
uses on 
ustomer that havehigh preservation requirements. Servi
e 
ontra
ts and 
ustomisation of the preservationsoftware are the main in
omes. The se
ond s
enario addresses the mass market forautomated preservation solutions. The business goal is the penetration of the massmarket with standard software providing limited 
ustomisation or servi
e. The twos
enarios result in di�erent business strategies and expe
ted �nan
ial performan
e. The�rst s
enario makes losses in the �rst three years of business, but turns into pro�t ofabout 1,5 million Euros in year 4 and 5. The losses in year 1 and 2 are relatively highwith about one million Euros ea
h year. The business is able to break even in year 5.The long investment period pose a high risk for the entrepreneur. Common business
y
les have a ROI within 2-3 years.The 
ash �ow in the se
ond s
enario shows a �atter development 
ompared to the �rsts
enario. The expe
ted loss rea
hes a maximum of 600.000 Euros in the �rst year. Thebusiness starts to make pro�t from year three and is able to break even in year three.It requires less initial investment. The shorter business 
y
le and the lower investmentmake it more attra
tive for investors.Two 
ase studies are presented in this thesis demonstrating the pra
ti
al appli
ationof the 
lient 
ost model. The �rst study shows the 
ost 
al
ulation of small 
olle
tion ofo�
e data. The se
ond study deals with a more professional setting preserving te
hni
aldo
uments.The host institution of the �rst s
enario has only basi
 preservation requirements.A small 
olle
tion of o�
e data should be preserved for legal obligations. The 
ost
al
ulation shows that the 
osts remain at a low level over time with only a slight in
rease.The major 
ost item in the s
enario is the manual assignment of metadata. All other
osts for the preservation of the 
olle
tion are 
omparatively minimal. About 90% ofthe total 
osts are labour work 
osts. Most of the user work is spend for the manualassignment of metadata.The se
ond s
enario deals with a large 
olle
tion of te
hni
al do
uments. A rapidgrowth of the 
olle
tion is expe
ted. The storage 
osts are a major 
ost item in thiss
enario. The bit stream storage makes about 40% of the total 
osts. The rapid growthdigital obje
ts in the 
olle
tion and the high preservation requirements 
ause a signi�
antgrowth in e�ort for the quality assuran
e of preservation a
tion over time. In the se
ond85



6. Con
lusions
enario the major 
ost items are the storage 
ost, the preservation system software andthe manual work for updating the holding and quality assuran
e.The 
ase studies have shown that 
ost model 
an be applied to di�erent s
enarios. More
ase studies in di�erent settings are ne
essary to further verify the proposed model. Thee�e
ts of di�erent software produ
ts and storage strategies need to be evaluated in moredetail. A set of data is need for �ne-tuning the model variables and more detailed models.It would further allow the identi�
ation of 
riti
al fa
tors that a�e
t the time to exe
utetasks and help improving preservation software system developments.With the 
ost model for small s
ale automated digital preservation ar
hives the 
ostfor preserving a digital 
olle
tion 
an be planned in an e�
ient way. The model has avery modular stru
ture and it is easy to adopt for individual needs. The 
omparisonof the 
ost for years help to identify 
ost trends and allows a solid budget and resour
eplanning for a digital preserving ar
hive.
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Table A.1.: Variables and fun
tions used in the 
ost model
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Table A.2.: Model Variable
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Table A.3.: Storage Cost Trend
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Figure A.1.: Cost model for the 
lient side of small s
ale automated digital preservation ar
hives in
luding formulas for the
ost items
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