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1 INTRODUCTION

CASPAR can be decomposed in a set of components providing €ifliant functionalities
for long term data preservation. Those components can wdepéndently or in an integrated
framework with other CASPAR components or third padiadoreservation systems. Some of
the CASPAR project activities were focused on the intemraf some of those functionalities
into pre-existing preservation services and/or facilifidss document contains the description
of the analysis and the development performed by the psrtoeachieve the CASPAR
components integration with external preservation systeyard-1 provides an overall view of
the examples provided here.

Updated
application

New
application

Figure 1 Overall view

In chapter two there is a brief recap of some of the wayghich CASPAR can be integrated

into existing repositories, ranging from strengthening tAéSJunctional model components of

a repository to a very distributed set of repositoriessamndices which together preserve digital
information.

The third chapter refers to the work done in IBM — Hadantegrate the Preservation Data
Store into a generic external preservation system aadraégration with the iRODS system.

Following this we describe the studies, development and firitegration plans that have been
performed by the ESA-ACS staff. This describes thegnatgon of CASPAR components into
the GENESI-DR project, and looks at some more generaD@&ated aspects.

The next chapter refers to the integration work perfdrmelRCAM to integrate CASPAR into
the MUSTICA server, obtaining the MUSTICASPAR platform.isTis an example where an
existing well used application (Mustica) has been modifethclude CASPAR capabilities —
thus producing MustiCASPAR. The CASPAR capabilities arevigded subtly in the updated

IST-2006-033572 PUBLIC 6/60
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interface so that they do not interfere with normal usBrdlowing this we describe some of the
work within UNESCO in producing an application specifitteir needs.

In the next sub-section we review a number of the otherswaywhich the CASPAR
components can form part of the general infrastructure wbésh help to support digital
preservation which is the most general type of distribdegdoyment scenario.

1.1 THREATS TO DIGITALLY ENCODED INFORMATION
In general terms one can list the changes which threatéall§igincoded information are:

Hardware changes

Software changes

Environment changes, including for example the legel environment
Knowledgebase of the Designated Community changes

Surveys have been undertaken by PARSE.Insight and menfhigres Alliance for Permanent

Access, investigating creation, re-use, preservation pardication of digital data. These
surveys show a substantial demand for a science datarnétaseé which is consistent across
nations, continents and over a remarkably wide range adptires.

There has been time for only an initial analysis of rmults. The results of most immediate
interest revolve around a collection of “threats” to @ilgpreservation which are based on prior
analyses of the domain and which are pertinent to datsg@lso. It is worth noting that similar

lists can be found in most project proposals relatetigital preservation.

The major threats are as follows:

Users may be unable to understand or use the data esgprfaatics, format, processes|or
algorithms involved

Non-maintainability of essential hardware, softwaresopport environment may make the
information inaccessible

The chain of evidence may be lost and there may be dadertainty of provenance or
authenticity

Access and use restrictions may not be respected fatthre

Loss of ability to identify the location of data

The current custodian of the data, whether an organizatigmogect, may cease to exist |at
some point in the future

The ones we trust to look after the digital holdings maydedown

The preliminary survey results show that between 50% and 70%smonses indicate that all
the threats are recognized as either “Important” or y\erportant”, with a majority supporting
the need for an international preservation infrastructure

From these threats one can propose a number of genernaénegnts for solutions to them.

Threat Requirements for solutions

Users may be unable to understan( |Ability to create and maintain adequ
use the data e.g. the semantics, for| |[Representation Information
processes or algorithms involved

IST-2006-033572 PUBLIC 7160
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Non-mainainability of essentig
hardware, software or  supp
environment may make the informat

inaccessible

Ability to share information about the availability
hardware and software and th
replacements/substitutes

The chain of evidence may be lost a
there may be lack of certainty

provenance or authenticity

nability to bring together evidence from dive
sources about the Authenticity of a digital object

Access and use restrictions may mal
difficult to reuse data, or alternative
may not be respected in future

Ability to deal with Digital Rights correctly in
changing and evolving environment

Loss of ability to identify the location
data

An ID resolver which is really persistent

The current custodian of the dg
whether an orgdsation or project, mg

cease to exist at some point in the futur

Brokering of organisations to hold data and
ability to package together the information neg
¢o transfer information between organisations r
for long term preservation

The one we trust to look after the digi
holdings may let us down

Certification process so that one can |

confidence about whom to trust to preserve

holdings over the long term

1.2 PRESERVATION WORKFLOW

Figure 2 shows one of the views that CASPAR takes of the moessled when information is

ingested into a repository and then taken out at somdriithe future.
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Many details must be captured including

access rights, Digital Rights Management (DRM) ande&scControl Lists (ACL)
Representation Information of various types

high level knowledge

various types of descriptions including a the way in which cermpbjects may be viewed as a
composite of simpler objects. Some of these objects raadidripline specific whereas others
are rather general.

For example an image is a fairly general concept — esdgmtmhrray of numbers, whereas an
Astronomical image is an image plus an astronomical caxargisystem and a way to map to
physical measurements.

Details of the simple objects down to the bit level nalsbd be captured.

Note that here, as well as elsewhere, virtualisatiomigaes can be applied. Further details of
this and many other aspects of preservation can be foutdeo@ASPAR web site and in
particular the CASPAR Conceptual Model (CASPAR, 2007).

The digital objects must be stored, indicated here asseeRation Object Data Store.
Subsequently the process must be reversed, for example:

Information must be extracted using the Representation Iat@mat various levels
Access constraints must be understood and respected

It is worth noting that much of these descriptions andaepieces of information (metadata)
will themselves be digitally encoded and will therefore alsed to be preserved, using the
same techniques.

As the final part of this brief overview of the CASPAR ammtm some major workflows
involved in preservation are described here. As describéaeiCASPAR Conceptual Model
[D1201], preservation is a complex task and almost certaietuires, over time, the
combination of efforts from many participants.

A number of other workflows arise from the support componielastified by CASPAR and
the UK Digital Curation Centrenttp://www.dcc.ac.uk which may be summarized in Figure 3
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The Key Components shown in Figure 3 are described next. Additletails may be found in
[D1201] and [D1301].

1.2.1 Discipline independent components

1.21.1 Registries of Representation Information (Repinfo Registry in the
diagram)
The prime functions of a Registry/Repository are:

Given an identifier of a piece of Representation InfoiomatReplinfo), return that piece of
Representation Information to the requestor. This Reptagon Information will in general be
an opaque binary object as far as the Registry/Reppsit concerned.

Allow searching of the holdings of the Registry in order tobendhe re-use of existing
Replnfo.

To facilitate this searching, each piece of Replnfo shdnd classified under one or more
Classification Schemes, and have a searchable textptestof the Replnfo.

Each piece of Replnfo should itself have a pointersmwn Repinfo, and also details of its
PDI.

The Registry/Repository should itself be an OAIS alhican be certified for long-term
preservation of information.

1.2.1.2 Orchestration manager (Orchestration in the diagram)
The Orchestration component has to:
allow individuals to register their interests and expertis

collect information from (anonymous or registered) individuat®ut changes in software,
hardware, environment or Knowledge Base of any Designated Cotgmuhis information
will be passed on to the Repinfo Gap Manager component.

receive information from the Repinfo Gap Manager componenitado@ap which has been
identified

send requests to appropriate registered users, basediomtireests and expertise, for the
creation of required Representation Information

1.2.1.3 Repinfo Gap Manager (Knowledge in the diagram)

The Replinfo Gap Manager component embodies a small butiakaeplication of Knowledge
Management techniques to preservation. Its main purpdeeassist in identifying gaps which
have arisen as a result of changes in hardware, softerarepnment and Knowledge Bases of
Designated Communities.

The changes are notified by human participants in theepration process. The Repinfo Gap
Manager knows of the existing dependencies between piedespoésentation Information,
working closely with one or more instances of the RegRepository. The labels in the
Registry/Repository capture those dependencies. The chang¥g that gaps in the
Representation Information network will have arisen, whietst be filled. Human participants
must be alerted and requested to provide new Representdgtomation to fill those gaps. The
human participation may not always be necessary; thenReflap Manager may be able to
bring in Representation Information from another, existiogree to fill the gap — although this
would have to be checked by humans.

1.2.1.4 Digital Object Storage
The Digital Object Storage (or sometimes simply “Sgefa component takes care of the

“Digital Object” and encapsulates:

IST-2006-033572 PUBLIC 12 /60
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The secure preservation of the bits which encode the inflarmaf interest. This of course
applies to a primary Data Object, Representation Informatiereservation Description
Information etc, the latter also being Data Objects.s&lnadividual stored objects form the
simplest element in the storage system, and each needd®mkgarded as opaque binary
objects, whose internal structure need not be known or underBiodlde Storage system,
although the structure of the AIP, e.g. how to get the PDcbbjg of the AIP, will be known
to it.

The association of Representation Information and PEh tie Content Information. This
association may include having copies of the Representatammation or PDI kept within the
Storage system. However it is important to recognisengigher of these can be complete. For
example the Representation Information Network will chaamgyefor example, the Knowledge
Base of the Designated Community changes. Similarly theeRamce information will include
not just the technical information about copying but also lmat iakclude descriptions of various
real-world entities (eg. persons, organisations and #t&ibutes, roles and actions) whose
social context is also associated with the data. Torerdfoth Representation Information and
PDI will have to include a pointer out of the storageeys

The automatic maintenance of tteehnicalprovenance information, including details of what
are essentially internal events including copying,icafibn and refreshment and the objects.

The policies which the archive imposes on the stored tsbjeand the Representation
Information, PDI etc associated with the encoded ins&ntthese policies), for example

the number of backup copies, offsite and on-site, on-lineeadline, and replication
the access controls

the distribution of information among the individual pieces dirailised storage
maintenance of namespaces

maintenance of collection level information

The ability to hand on the stored AlPs, and appropriateat@n information, to another OAIS
system — either because of technological change or becausganiisational change as the
preserved information is passed on to the next in the chairesérvation.

1.21.5 Packaging
Creates Information packages, in particular Archival imétion Packages.

1.2.1.6 Finding Aid (Finding in the diagram)
Additional Finding aids which allow AIPs to be searchedriax repository.

1.2.2 Toolkits

1.221 Repinfo Toolkit

This toolkit is essentially an open-ended collection of indialdools which may be used to
create Representation Information.

1.2.22 Authenticity Toolkit (not shown in the diagram)

Another collection of tools which allow the capture of evidenceclwinhay be used to judge
authenticity

1.22.3 DRM and Access Rights Tools (not shown in the diagram)

Tools to virtualise Digital Rights and Access Rightglsd they can be preserved independently
of their particular encoding.

IST-2006-033572 PUBLIC 13/60
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Figure 3 contains a number of information flows; some eeces of these flows making up
workflows important for digital preservation and twatloése are described next.

1.3 CASPAR ANSWERS TO THE THREATS
The following table maps the CASPAR components and toolkitsetsolutions to the threats.

IST-2006-033572 PUBLIC 14 /60
L 2 22



‘ole

A 4 4

09/41 aIdnd

¢/LSEE0-900¢-1SI

‘dn
pBS0) SS9004d UONLINNISD B MOJ[R ||IM PaIngliuod sey
VdSVD UdIUM 0} plepuels Uonesyiuad pue Ipnyay L

91 Buo| a1 Jano sBuipjoy erep ansasald 0] 1snJ) 01 Woym
22UBpPIUOD BABY UBD 3UO eyl 0S SS8204d uonedlnIeD

umop sn 19| Aew sbuipjoy eubip
laye 00| 0] 1SnJ am Sauo ayl

*Jayioue 0] J0leind suo woly passed aq
BU UJIYyM S1aserep 1noge uoiewlojul Jo abueyoxa ayl
p|[e ‘sbuiyy Jayio 1sbuowre ‘|im Jabeury uonensayaiQ

uonensssalid
Buo| Jo} Apeas suonesiuebio usamiaq uoneWIOMUI
eIl 0] popaau uonewloul ayl Jsyebol obejoed
ljIge ayl pue eyep pjoy o1 suonesiuebio Jo Buuaxoig

aimny
Ul Julod BWoS 1k 1SIXa 0] asead Aew
bloud 1o uonesiuebio ue Jsyleym
2P @Yl JO URIPOISND JUalINd 3yl

"aWl] JBAO paled0| aq 0] s1oalqo
[le [IM WSa1SAS B Yons :Wa1SAS Jaluap| jualsisiad

a1sisiad Ajjeal si yaiym Janjosal | uy

elep Jo
biredo| ayi Ayuspl 03 Aljige Jo ssoT

"uolyeAlasald 10} palILIgNS S| UoIew o]
JUOD Byl Bwn 8yl le 1ISIXxa ydiym uonewojul
H SS920y pue NHA 9yl aAlesald pue asienuin
D1 a0 MO|[es|00] SIybiy Ssaddy pue sybry reubiq

JUSWUOJIAUS BUIAjOAS pue
BuByo e ul Ajposaiod sybry renbiq yum esp o1 Aljigy

alninj ul paydadsal ag 10u Aew
dAIRUID)R IO ‘elep asnaJ 0] JNJIYIp
W Aew SUOIIDIISa) SN pue SS22JY

‘Andnuayiny
[ 01 pasn aq Aew ydiym $32In0S Auew WOJ)
uspiAe aimded 01 auo MOjje [IM 1|00l Aldnuayiny

108[qo eubip e jo Anonusyiny ayy
2 S92JN0S 9SISAIP WOJ) 93uUsapIAa Jaylebol Bulg o1 Aljigy

Auonuayine Jo asueusanoid
0 Aureusad Jo yoejaq Aew alay)
1S0| 8q Aew 82UdPIAS JO Ureyd ayl

"S10Je|NWa pue 3p0d 82IN0S BILMIJOS
BUIY) YyONS apnjoul [[IM uoljewjoju| uonejuasaiday ayL

‘'sabueyd Jaylo 1sbuowe ‘a1emyjos
aljempJley JO 92U893S9j0SqO 3yl INoge uonew.olul
Bueyoxa 01 Jabeuely uonensayodlQ pue Ansibeay

)INIISQNS/SIusWade|dal JIsYy) pue a1em)os pue aiempiey
Auligejrene  ay) noge uonewlojul areys o} ANiqy

a|qissaddeul
TewJojul 8yl ayew Aew JUsWUOIIAUD
ddns 1o aJemyos  ‘alempiey
nuassa  Jo  Aljqeurejurewruon

nbape si ojujday ayl 1eyl ainsua o0} djay Jabeuey deo
obpajmouy| pue Jabeuryy uonensaydIQaYyl uonippe uj
‘uolewJoju| uonejuasaliday alols
ue a1eald 0] — Ansibay pue sabexoed ‘1xj00] ojujday

uonew.oju|
Jussaiday orenbape urejurew pue 81eald 01 ANIqQy

PaAJOAUI SWYLIOB[e Jo sassadold
10) ‘sonuewss ay) "6 erep ay) asn
uelsiapun 0] a|qeun aq Aew siasn

Jusuodwo) YvdSvd

suonn|os Joj syjuswalinbay

1ealy L

SJealy] 0} suolN|os ¥YvdsSyD T a|gel

SWaISAS [eussIx3 yum uonelfialu] Yvdsvo

0-TDTO-T0ZE-dH-¥VdSYO. IaljllUap| 00
HvdSvO:elold
6002-0T-TZ 9red




Date 21-10-2009 CASPAR Integration with External Systems S &
Project:CASPAR N
Doc. ldentifier:caspAr-rRP-3201-01a1-0

casp

2 DEPLOYMENT SCENARIOS

A number of strategies were described near the beginnitigegprojects and it is useful to
mention them again here.

We argue in D4104 that CASPAR components help repositories $uppdAIS Information
Model.

In addition show below the mapping of OAIS components to the GAl&tional Model — this
indicated where components can sit within a repositogyddts information preservation aims.

cmp OAISin-CASPAR 7
ALCCESE
INGEST PRESERWATION PLAMNING

Autherticity Fresery: stion
Manage mert Orchestration

DATA MAHAGEMENT Jr-===--=============-==ee-o--"l KnowledgeManager -

A
Packaging @ /?\

Producer Representation :
Information Toolbox H Consurer

Virtualisation

DataAocess | . = Digital RightsManager|

Administrator

Figure 4 Mapping CASPAR components to OAIS Functional Mdel

Another, slightly more detailed view is shown below.
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Figure 6 Self contained scenario
This is a self-contained situation where a repositoghed to bear the full responsibility for
preservation, perhaps because of confidentiality considesat

The next two models show situations where there is a sharedesdrigure 7 shows the
mimimal shared service — namely sharing the Registrg&eEpy of Representation
Information.

Figure 8 shows a fuller sharing of services between sawpaditories.
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Figure 8 Shared service installation
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3 THE PDS INTEGRATION

The purpose of this section is to propose a design for attegrPreservation DataStores
(PDS), the archival storage component in CASPAR, witbBxasting system.

Such integration may vary from one existing system tohenot

The main goal we wish to achieve through this documeptdgress towards integrating PDS
into CASPAR data holders’ existing storage systems.

This document relies on the PDS public deliverable for CASPBR201 - Preservation
DataStores interface, which can be found at

http://www.casparpreserves.eu/publications/deliverables
First we bring an overview of PDS, its architecture imberfaces (Section - PDS overview).

Then, the main section of this section describes why lowd can PDS integrate with an
existing system; the basic integration architecture anddsgible varaints, and details about the
work that needs to be done to implement such integréiea Integrating PDS with existing
archives)

Following are examples for existing systems that PR2§ mtegrate with (section 4), and the
document ends with conclusions (section 5).

3.1 GLOSSARY

Bit preservation The processes used to ensure that thedmprising a preserved
object are not lost or corrupted over time. These prosasstude
refreshing, backups, and error correcting code modules.

CASPAR Cultural, Artistic and Scientific knowledge for Rmestion, Access
and Retrieval.

Content data object The 'raw' data that makes up thertdo be preserved.

Content informationThe raw data and the metadata needed to interpretniglpathe

object content data plus its representation information.

CDO The Content Data Obiject that contains the raw data

Context The relationship of the content information t® éenvironment,

initially as perceived by the content data object provitlater on,
more context information may be implied or derived frohe t
preservation process.

Designated community  The primary OAIS user group that needscess and understand the
information preserved in the OAIS system. This meanisthigaOAIS
must have an appreciation of the community's knowledge base.

Digital preservation The series of managed activitexsessary to ensure continued access
to digital materials for as long as necessary.

DROID (Digital Record A software tool developed by The National Archives (UKp&oform

Object Identification)  automated batch identification of file formats. DROID susaternal
and external signatures to identify and report the spdidiidormat
versions of digital files. These signatures are storedninXkIL
signature file, generated from information recorded in tROROM
technical registry (see PRONOMittp://droid.sourceforge.net

Fixity The information that documents the authentication masha and
provides authentication keys to ensure that the contentmatan
object has not been altered in an undocumented manner.
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Logical preservation The processes used to ensure the andetstity and usability of the
data, in spite of the unknown changes in technologies and ngbes i
future.

Metadata Information about the content data object ihameeded for its
preservation.

Migration The act of moving data from one system to larobecause of a
change.

OAIS Open Archival Information System. An ISO standaft50

14721:2003 OAIS) that specifies a reference model for an archive,
consisting of an organization of people and systems et iccepted
the responsibility to preserve information for a desigg@ommunity.

Preservation system An archiving system in which tlegiriife of the data it needs to store
exceeds the lifetime of the program/format with whible data is
interpreted and the lifetime of the media that storeditse

Preservation awar@ghe storage component of a digital preservatiotesyshat has built-in support for preservation.

storage

Preservation DataStores new OAIS-based preservation aware storage. Italdlo serve as the storage component of
(PDS) CASPAR infrastructure.

PRONOM An on-line information system about data filenfats and their
supporting software products. Originally developed to support the
accession and long-term preservation of electronic ret¢midsby the
National Archives, PRONOM is now being made available as a
resource for anyone requiring access to this type arnmdtion.
http://www.nationalarchives.gov.uk/pronom

Provenance The information that documents the histatyeofontent information.
This information describes the origin or source of thetedn
information, any changes that may have taken place sineas
originated, and who has had custody of it since itevagnated.

Representaﬁon The information that is required to interpret thentent data object (raw data) into more
information meaningful concepts (ultimately more meaningfulfamans).

3.2 PDS OVERVIEW

Preservation DataStores (PDS) are OAIS-based presenatare storage [1, 2, 3] that focus
on supporting logical preservation. They are aware of thetsteuof an archival information
package (AIP) and offload OAIS derived generic function$ agrepresentation information
inclusion, provenance tracking, fixity computation, and migrasupport to the storage layer.

They provide strong encapsulation of large quantities of rattadith the data at the storage
level and enable easy migration of the preserved datasastarage devices.

PDS aims to address the following preservation-awaregeoeguirements:

In the storage, encapsulate and physically co-locateathedata and its complex interrelated
metadata objects, such as representation information, pnoegnand fixity. This ensures that
the metadata needed for interpretation is not separatedtfrmmaw data and thus never lost
(assuming the raw data survives).

Include the representation information of metadata (eegresentation information of fixity and
provenance) so the metadata can be interpreted whersedaeeshe future.

Utilize the locality property and execute data intensiecfions such as fixity (i.e., data
integrity) computations within the storage component. Thiklegsen the network bandwidth
and reduce the risks of data loss.

IST-2006-033572 PUBLIC 22 /60

69



Date 21-10-2009 CASPAR Integration with External Systems 3 &
Project: CASPAR &
Doc. ldentifier:caspAr-rRP-3201-01a1-0

casp

Handle some of the provenance events internally. The apipls on top of the preservation
aware storage should be free of managing events thdiecaandled internally in the storage.
Moreover, this enables richer types of provenance eventthandclusion of events related to
the migration between physical medium and the transformaticepresentations.

Support the loading and execution of external transformatloriag the migration process and
facilitate on demand triggering of these transformations.

Support media migration, as opposed to system migratiomeldia migration, performing
migration from one system to another can be done by physdetiyching the media from one
system and attaching it to the new system.

Maintain referential integrity including updating all theks during the migration process so
they remain valid in the new system. This requires\vaareness of certain metadata fields that
represent links, both internally to the system and extgrna

Ensure readability of the data by a different systetherfuture. This is done by developing and
supporting global self-describing media independent formats.

Support a graceful loss of data. Some portions of the alatdikely to be lost or become
corrupted over time. If some data is lost, a good preservaystem must minimize the
economic effect of this data loss and prevent cases whgadltht is still intact in the system
cannot be read or interpreted.

3.3 PDS ARCHITECTURE

The PDS architecture [4] includes a stack of three sapased on OAIS, XAM, and OSD.
Figure 9:Preservation DataStore architectumepicts the general architecture of PDS. The top
layer is an OAIS-based preservation engine, which provideseqwaion functionality for
heterogeneous data and applications. It includes efficientrajere and placement of AlPs
along with support for migration and data transformationfopaed within the storage.

The second layer includes an eXtensible Access Meth@dMjX[5] library. XAM is an
emerging storage standard intended for reference infem#tat provides a logical abstraction
for data containers. The bottom layer includes an Objeedb@torage Device (OSD) [6, 7, 8],
an advanced type of storage implementing an object-basstho# that has a built-in access
control mechanism.

In OAIS, AIPs are the information objects that arespdsto and from the storage component.
Thus, in PDS, AlPs are the main objects in the intecfsVhile PDS has a generic interface, our
current implementation supports both a direct API as aseth web services APl. We chose a
standards-based web services API because web servicglmtimem independent and support
clients built within different environments; these are ingpar features in preservation
environments.
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Figure 9: Preservation DataStore architecture

3.3.1 Preservation Engine layer

The preservation engine component provides the external API, impigenthe OAIS
abstractions and provides the preservation characteristics.

The unique features that the preservation engine implsnesttde:

Managing availability/data loss — being aware of the #tifacture, and according to specific
policies, the preservation engine may group data objects aadeccopies both within a
medium and across media.

AIP transformations — in addition to media migrations ¢henay be a need for data
transformations that PDS supports to be carried oudlengie storage thus allowing optimal
scheduling and minimal data transfers. This may be the way to make the execution of

massive data transformations feasible. Transformatiag also be performed on metadata
sections.

AIP identifier generation — satisfies cases in which aP Ad ingested without a unique
identifier and also cases in which PDS generates AlPmailg (e.g., preserving the result of
data transformation, or preserving Replinfo that was dadzkin an ingested AlIP).

Storelet container - a module container that can embedxaodte restricted modules with pre-

defined interfaces, used to perform data intensive fongtin the storage (e.g., data validation,
data transformation, or authenticity processes).

Manage preservation specific metadata - fixity computstidocumenting provenance events,
managing Replnfo, etc.

In addition to these specific features, a major roldefdreservation engine layer is to perform
mapping between the different layers of abstraction. Atdpethe preservation engine layer
uses OAIS concepts to communicate with its clients.uin,tthe preservation engine builds
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upon the XAM underneath to implement its function. Thus ittrmegp between the OAIS and
XAM levels of abstraction.

3.31.1 XAM layer

While PDS exposes high level complex logical objects suchlRs existing storage systems
(object, file or block) expose much lower level inteda and do not provide the necessary
abstractions. Our architecture uses a middle layer of abetrao mediate between the lower
storage system and the preservation engine. We chose tahizmseid-layer on Extensible
Access Method (XAM).

XAM is a Storage Networking Industry Association (SNIAjtiative to define a standard
interface between consumers (application and manageméniasg)f and providers (storage
systems). The XAM specification defines three primaryecisi XSet, XSystem and XAM
Library. The XSet, which is the fundamental artifact¥AM, is the basic unit of data for
application to commit to persistent storage. It is & ddructure that is a package of multiple
pieces of data and metadata, bundled together for access aimenmon globally unique
external name, called an XUID. The XSystem, a logicaktainer for one or more XSet records,
serves as virtual storage for XAM applications. The XANbrary enables applications to
discover and communicate with XSystems.

3.3.1.2 Object layer

The XAM standard provides us with a high level storage atigiraneeded for the preservation
engine. The XAM library interacts with the supplied underlyitigage system via the Vendor
Interface Module (VIM) API. The VIM maps XAM entitiegich as XSystems, XSets, and XSet
fields and their attributes to the vendor storage systemesnt@urrently we support Object
Store (OSD) as the object layer implementation of PRSM communicates with it via
XAMtoOSD component, an implementation of the VIM API thatps XAM to OSD.

3.4 PDS INTERFACES

The PDS interfaces expose the PDS entry points andd seerfaces to support these entry
points. The entry points may be called directly or via wetvices. The PDS interfaces aim to
be abstract, to be independent of technology, and to survive impiation replacements.

The PDS entry points may be divided into groups; each grouenof points is
responsible for a different PDS function and may inclgdegeral variants on that
function:

* ingest AIP - implements different ways to ingest 4R Ar an AIC to PDS

access AIP - implements access either to a compl&er to different sections of an
AlIP

handle AIP - enables manipulating AlIPs that were prewoglested
query AIP - performs queries on the AIPs in the system

load storlet - loads modules into PDS to be executed later
migrate AIP - performs migrations and transformatiom&\tPs
handle policies - enables manipulating PDS policies

informative entry points - provide information about DS system
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3.5 INTEGRATING PDS WITH EXISTING ARCHIVES

This section describes the integration of Preservatida®ares (PDS) with existing archive
and suggests how to support data that already residessiimg file systems and archives but
needs to be preserved for decades and longer.

This integration may have different variants, dependinghenexisting system; each offers
different parts of PDS to be deployed, and may include additcomponents to bind PDS to
the system.

3.5.1 Motivation

In many cases, the data that is subject to long term ldwieservation already resides in
existing archives. These archives may be simple file sigste8 more advanced archives that
include enhanced functions such as metadata advanced lieearchical storage management,
routine or special error checking, disaster recovery capedjland bit preservation. Some of
this data is generated by applications that are unawattee dAIS specification and the AIP
logical structure, and generally include just the raw cardata with minimal metadata. While
these archives are appropriate for short term datati®iethey cannot ensure long term data
interpretation at some arbitrary point in the future; & gaint, everything can become obsolete
including hardware, software, processes, format, peaptkso forth.

PDS was designed as a stand-alone archival storage camhpuzinan OAIS preservation
system. However, when adding preservation capabilities to aivarsy deploying PDS, it is
unlikely that the existing storage system will be repdae#h PDS. Instead, there is a need to
enable integrating PDS into the existing system; thegatnying its long term preservation
capabilities to the existing storage capabilities.

Today, more and more storage systems have a strong nadd tweservation functionalities,
but not at the price of replacing their systems. Such tgrimted solution may be the only
feasible way to introduce PDS to existing archives.

3.5.2 Strategy

We aim to add to the existing system rather than reptadaking advantage of the existing
functionality, technology, and hardware, and providing the additi@aaiires needed for long
term digital preservation. The existing interface showddebhanced to include preservation
functionality and/or the PDS interface may be added aslditional interface. The objective is
to add support for bit preservation and logical preservatithg@xisting system, as needed, to
address preservation aware storage requirements (3ee 3.2

3.5.3 Integration architecture

3.5.3.1 Basic architecture scheme

PDS can be integrated with existing file systems awtiizes to enhance the systems with
support for OAIS-based long term digital preservation. FiglO: Integrating PDS with
existing archives or file systemfelow depicts the basic architecture scheme for such
integration. We propose the addition of two components toettigting archive: anmAlP
Generatorof manifest files and BDS box TheAlP Generatorgenerates AIPs, where each AIP
is a manifest file with links to the existing conteataland other metadata that already exists in
the archive. If some metadata is missing (e.g., Repth®)AIP Generator is programmed to
add the metadata by embedding it into the manifest fil@soa separate file or database entry
linked from the manifest file. Sometimes, programming the AEheégator to generate the
manifest files can be quite simple, for example, if ¢her an existing naming scheme that
relates the various AIP parts.
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Figure 10: Integrating PDS with existing archives or file gstems

The AIP Generator can be triggered to generate a mafhiéesither by the existing archive or
by the existing Data Generation Application. The former metkodossible if the existing
archive has the mechanism to trigger an event when newntataéa is ingested into the
archive. The latter method is possible if the existinga dgeéneration application has the
mechanism to hook the AIP Generator when new content dataesaged. Note that in both
cases, data can be entered into the archive using tiengxilata generation applications and
thus does require writing new applications.

The AIP generator may be used to generate AIPs for dagatstihat are already stored in the
existing storage system or for new ones. Triggering thegalkerator for old documents may
add the ability to preserve them for long periods of time.

The generated manifest AIPs are ingested into the secorqboent — thé°DS box Most of
the PDS functionality is provided, including awareness of thesilcture, execution of data-
intensive functions such as transformations within theagey handling technical provenance
records internally, support for media migration, and megiance of referential integrity.
However, PDS cannot, of course, guarantee intelligerst gieicement. It cannot guarantee
physical co-location of the various parts that constitute AHe and, likewise, it cannot
guarantee the aggregation of related AIPs into cluptaced on the same media unit. However,
when the next periodic migration phase happens because of deedw or for other reasons,
PDS can optimize the data placement and provide physidataten of related AlIPs.

The PDS box uses the existing system as its underlyinggsterad uses it to store its XAM
objects. This requires mapping the XAM objects to thetiagissystem, thus adding another
component that implements the VIM APl on top of the existiygtesn. This new
XAMto<ExistingArchive> component replaces the current XAMtoOSDmponent. The
current OSD object layer is not integrated with thetexgssystem.

To summarize the integration effort: the existing sysém application remain unchanged, a
new component - the AIP generator - is added to construc@Al® compliant data objects,
and a new mapping component binds the PDS box to the exissitegsy

The PDS interfaces may be exposed as part of thingxisterface, or in addition, or both.
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3.5.4 Variants

3.54.1 Utilizing XAM and OSD layers

While the utilization of the Preservation Engine layer inititegration architecture is essential,
as it provides the long term preservation functionality,utfilezation of the underlying layers,
the XAM and OSD layers, is optional.

The general case presented in the previous section usesegevBtion Engine and XAM
layers of PDS and replaces the OSD object layer witletisting storage system.

In some storage systems, adding the XAM layer on top ofxXisérg system may add a high
overhead along to its benefits.

An alternative is to map the preservation engine layertfirecthe existing system, thus giving
up the utilization of both the XAM and the object layersingishis option requires binding the
preservation engine layer to the existing system instéadeoXAM layer. (See Figure 11:
Integrating PDS without the XAM mid-laygr

" Preservation Web Services P
AlP

AlP Generstor of
Preservation Engine manifast files

N

FPresenration
DataStare

tfigger mantest generztipn

Existing Data Gen=sration
Applications

e

Ezxisting Archive or File
System

| backend
Figure 11: Integrating PDS without the XAM mid-layer

As mentioned before, binding the XAM layer to the existingesysrequires implementing the
VIM API for this system, which is part of the XAM @mging standard.

PDS is built in such a way that the preservation enging lsyanaware of the underlying
storage mid-layer. It uses a well defined interfaceedallAipToStorage that is currently
implemented on top of XAM by the XamToAip component in PDS. Bigdhe preservation

engine directly to the existing system requires implemgrthis interface for this system. The
preservation engine layer does not require any internal matitiins to support this mapping. A
more detailed description of both mapping options is in 3.5.6.2

In the previous variants we described options that use ihgngxstorage system as the only
storage system and store all data and metadata doth Options use the existing storage
system and do not use the OSD object layer of PDS). Annative is to use the existing

storage system only for the content data. The remainirtg pathe AIP, i.e., the content data
Replinfo and the PDI, are stored in the PDS backend stareg®SD object layer, either while

using XAM as a mid-layer or directly.

IST-2006-033572 PUBLIC 28 /60

69



Date 21-10-2009 CASPAR Integration with External Systems S &
Project:CASPAR LN
Doc. ldentifier:caspAr-rRP-3201-01a1-0

casp

3.5.4.2 Encapsulation of components

The AIP generator component may be external to the PDSabaxas presented previously, or
encapsulated in the PDS box.

If we use an external AIP generator, it may have a sepasar interface, and may be expanded
or replaced independently of the PDS box. This way the B®dSrequires less changes for
integration but the introduction of PDS into the existipgtam is more complex and expensive.

The alternative is to encapsulate the AIP generator iR box. In this option the existing
system is unaware of this additional component; it doesava & separate user interface as it is
used as part of the PDS box. It is harder to enhance andwenfout the integration process is
simpler and cheaper.

This simplicity may be valuable for initial integratiorfSsee Figure 12Integrating PDS with
encapsulated AIP generator and combined interface

Existing Data Generation
Applications
Existing PDS inferfaces
interfaces initiator
/,f x\
Preservation
Existing DataStore
Archive or File |
S‘_fStEm _ Freservation Engine
AlF Generator of
manifest files
| hackend

Figure 12: Integrating PDS with encapsulated AIP generatoand combined interface

3.5.5 Interfaces

The PDS interface may be exposed independently from ténexinterface or as part of it.
Since it is preferable to have one coherent interfaca fystem, we aim to expose the PDS web
service interface using the existing application, and faivwthe appropriate calls to the PDS
box.

In addition, the existing interface may be expanded to indialg term preservation options.
For instance, within the existing ingest interface we fmave an additional option to store the
data object for the long term. This way the user may décrdsach data object if it is meant for
long term or short term preservation. If the user intetids data object for long term
preservation, the existing interface redirects the @qoePDS. It may first store the data object
as usual, and then call the PDS API for ingesting stda¢al objects. This call to PDS may also
be used when data objects that were stored in the p&ste(biee integration) are now meant for
long term preservation. This interface (ingestForStoredDent) is optional for
implementation in PDS but mandatory for a PDS box thattegrated in an existing system.
See Figure 12ntegrating PDS with encapsulated AIP generator and combined rifztee.

IST-2006-033572 PUBLIC 29/60

69



Date 21-10-2009 CASPAR Integration with External Systems S &
Project:CASPAR LN
Doc. ldentifier:caspAr-rRP-3201-01a1-0

casp

3.5.6 New components

There are two main components that should be implememibeth integrating PDS with an
existing system. The AIP generator is responsible for camg# with the OAIS information
model by creating AIPs for the content data objects tfeastared in the existing system. This
component is independent of the specific storage system asdrifeimplementation may be
used for different integrations.

The second component is the mapping component that binds Pbf& txisting storage
system. This component may need to be implemented sdpdoatdifferent integrations since
it uses the specific features and functionality of thetiegssystem. Also, different integration
architectures require a different mapping component.

3.5.6.1 AIP Generator

The AIP Generator generates metadata-enriched OAIS ##Ps a document stored in an
existing storage system. This is done without any addition@aitifrom the end-user. The
AipGenerator class (see the UML class diagram in FigurdJM3_ Class Diagram for AlP
Generato) receives a reference to the stored document andésraatAlP whose Content Data
Object (CDO) is a reference to the stored document,vdrabe Repinfo and PDI consist of
metadata extracted from the CDO itself and from the dootmeperties that are retreived
from the storage system. The metadata extracted by thé&Aferator can be structural (file
size, application name, etc.) or semantic (documeef tiditegory, etc.).

«Java Class»
(& AipGenerator

@ generstedip ()

£ RSN
«Java Interfaces «Java Interfaces
€3 IcdoMetadataExtractor €3 1PackagingHandler

]

& extractRepInfo [ ] @ extractAipFromPackage ()
@ extractContext [ ) @ extractAipFromManifest { )
& extractFixity [ ] @ createPackageFromaip [ )
@ extractProvenzance () @ cregteManifestFromaip [ )
2 > .
EI .II H t\l
E1 «lava Class» ! E] «lava Classs y
{5 Fmt40MetadataExtractor (3 XfduPackagingHandler
a2l «Java Class» il «Java Class»
(& Fmt44MetadataExtractor (3 MetsPackagingHandler

Figure 13: UML Class Diagram for AIP Generator

AIP Generator is agnostic to the existing storage sydternine AIP packaging format, and to
the format of the stored file it handles: document prigseare passed to AipGenerator in a data
structure agnostic to the specific storage system; paukaf the AIP and extraction of the
CDO metadata are done through interfaces — IPackagingHamtldilC DOMetadataExtractor,
respectively — which are implemented for each format.

3.5.6.2 Mapping layer

The mapping layer is the layer that binds PDS to the existoigige system. As a result, it
needs to be re-implemented on each integration to connectdD& specific storage system
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and to use its unique functionality. Following are the aptional layers to bind to the existing
system, depending on the integration architecture.

3.5.7 Mapping Preservation Engine

The following describes the direct mapping of the presematingine layer to the existing
system. This mapping should be implemented if the XAM l&/aot utilized.

In this mapping, the manifest file that is generated byAitie generator is stored as a single
object in the existing system, unlike the mapping to XAM #iktws storing each AIP sub-
section separately. This is due to the likelihood thae#iging storage system does not provide
support for complex objects such as XAM provides. As a tieug mapping may complicate
the support for access methods to each AIP sub-section guider@arsing the manifest to
implement those functions.

The AIP is mapped into two files: one for the contenadand one for the manifest file. The
manifest file contains references to the content daanRe objects, as they are stored as
separate AIPs. The PDI sections are embedded. In additontains a reference to the content
data object.

In this case, the mapping component implements the IStoragianterface that includes
methods to open/close a session to the storage proerdate objects and read/write to them.
See appendix for the complete interface.

Once this interface is implemented for the specifistexg system, the preservation engine
layer uses it transparently. In addition there is a ne@mptement the IStorageHandlerCreator
interface, which is used to generate storage handlersidgtorage handler factory in the
preservation engine.

3.5.8 Mapping XAM

The AIP maps to XAM objects as it maps in the currestgie taking advantage of XAM that
provides complex objects that bundle together pieces of datanatatlata. For the detailed
mapping, see D2201, section 6.2.

Under the XAM library module lies the Vendor Interface ModMBV), which acts as a bridge
between the XAM standard APIs and the vendor storage systertisis case the mapping
component implements the VIM API (see the XAM specification details) on top of the
existing system.

The content data objects may be stored in the systdorebéhe AIP is generated and
consequently also before the XAM objects are generatedtefore we may not be able to place
the content data object as part of the XAM object. ThéMXobject will need to keep a
reference to it instead of having it embedded in thetX&s in the current design.

The XAMtoAIP component, which provides the mapping of the pvasien engine to XAM by
implementing the IStorageHandler interface, needs to beeahat in some cases, instead of the
actual content data, the XAM object merely containsference to it.

To reference the content data we put an external linkencontent data section (usually a
structure accompanied by structural Repinfo).

3.5.9 Integrating with ECM using CMIS

Integrating with an existing system using a standard pobtoan make the mapping layer
independent of the existing system with which PDS is rated and therefore a single
implementation enables easy integration of PDS.

The Content Management Interoperability Services (CMi&hdard is a uniform means for
applications to work with content repositories. The CMi&hdard is part of IBM Business
Content Services integrated approach to help you managmatidl content created by shared
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workgroups across your organization. By participating in the ldgreent of CMIS, IBM is
actively driving better interoperability between EntespriContent Management (ECM)
products regardless of vendor and providing clients with morigetamd lower costs when it
comes to basic ECM needs.

More than a year in development, the CMIS standard is siggpby IBM, Microsoft, SAP,
BEA/Oracle, EMC, OpenText and Alfresco. Submission ofdtamdards and specifications to
the Organization for the Advancement of Structured InftionaStandards (OASIS) is now
underway and is anticipated to be approved in 2009.

If the existing system is an ECM that supports CMIS thegnation work may be simpler and
the mapping component may be reused.

3.6 EXAMPLES

3.6.1 Integrating PDS with iRODS

3.6.1.1 SRB/IRODS overview

The Storage Resource Broker (SRBj)telligent Rule-Oriented Data management System
(iIRODS) [9, 10, 11, 12] is data grid technology developed and owgetheb San Diego
Supercomputing Center (SDSC). It manages distributed dathlirg the creation of data grids
that focus on the sharing of data, and was recently exddngersistentarchives that focus on
the preservation of data. Data grid technology provides fuadi@inmanagement mechanisms
for distributed data in a scaleable manner.

This includes support for managing data on remote st@ggiems, a uniform name space for
referencing the data, a catalog for managing informadtoout the data, and mechanisms for
interfacing with the preferred access method. The SRBEAR is middleware software; it builds
on top of standard file systems, commercial archivestamdge systems.

The basic architecture of SRB consists of an SRB semaraaMetadata Catalog (MCAT)
server. The SRB server exposes various file-like APthdapplication and interacts with the
storage system. The MCAT server handles the informatigedtia the SRB database. The
IRODS adds to it a rule-based system (see Figuré&SRB/IRODS systejnwhich allows the
user to make assertions about the rules under which thesdagimg maintained.
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Figure 14: SRB/IRODS system

3.6.2 Integration architecture with SRB/IRODS

PDS layers can be integrated with SRB/IRODS both ondpend the bottom (see Figure 15:

PDS and SRB/IRODS utilizing XAM and OSD as storage intedgc
The preservation engine layer can extend today's SRB/IR@plxation interface layer and

expose the PDS API. iIRODS provides a Java /O libragrface called Jargon that may make

it easy to port the PDS API on top of iRODS.

The XAM library may be exposed as an application interféon the top) or as a storage
interface (on the bottom).

The XAM VIM should be placed at the storage interfageet. If we use OSD as the backend

storage, the PDS XAMtoOSD VIM component may be utilizE€dherwise, another VIM

implementation is required. The OSD layer may be pladeithe storage interface layer. The
utilization of XAM and OSD layers is optional. As descdbi& the previous chapter, not
utilizing the XAM library will require implementing a majoyg layer of the preservation engine

to IRODS. Utilizing XAM without the XAMtoOSD component ngiges an implementation of
VIM on top of different backend storage.
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Figure 15: PDS and SRB/IRODS utilizing XAM and OSD as srage interfaces

3.6.3 Preservation engine integration design points

3.6.3.1 Interfaces

iIRODS supports multiple types of APIs. They range frorh im@wsers to workflow systems,
to Fedora digital library middleware and to Unix shell comdsa A port of the DSpace digital
library is expected on top of iRODS. Both DSpace and feedmvide a set of preservation
related services.

PDS APl may be provided as one of the mechanisms forssingeiRODS that supports
building and manipulating AIPs. Such AIPs may be generated by t#re amsl possibly
packaged in XFDU or SAFE formats, or by the PDS AIP géoen behalf of data objects
intended for long term preservation.

iIRODS micro-services make it possible to apply the PDSdkettly on files at remote storage
locations.

3.6.3.2 AIP support

The knowledge for manipulation of a particular form of afP Aan reside in the client, in
structured information drivers, or in micro-services.

The first approach is to have the AIP creation perfortmed client that then stores the result
within an iRODS data grid. This is done by DSpace aubFa.

iIRODS supports the concept of "structured information”.is Tdonsists of the mechanisms
required to access an information resource, query dbeurce, and extract the information
needed for further interactions. This mechanism requidkdaated driver that implements the
"access protocol" of the information resource. Thisugrently supported for HDF5, tar files,
and is planned for SQLite.

An alternative is to encapsulate the AIP mechanismsiérorservices that are then applied by
iIRODS at the remote storage location. This approachlendhe creation of a server-side
workflow that chains together multiple operations suslestraction of an XML schema from
an AIP, comparison with a template schema for presenegofred metadata, and execution of
recovery mechanisms when discrepancies are found.

IST-2006-033572 PUBLIC 34 /60

69



Date 21-10-2009 CASPAR Integration with External Systems & &
Project: CASPAR &
Doc. ldentifier:caspAr-rRP-3201-01a1-0

casp

Integrating PDS into iRODS encapsulates the AIP supparttiie application interface and
exposes it in the PDS API.

3.6.3.3 Bit preservation and data migrations

iIRODS supports bit preservation. It manages checksumgagpand synchronization of files.
SRB handles media failures, data mirroring, and distobutif data. IRODS manages a logical
name space that can be used to impose a collectiorrdhigra iRODS tracks the mapping
between the logical name and the actual physical locasidiles are moved to new storage
locations.

PDS needs to document these events in the provenance séttierAlPs.

3.6.3.4 Data transformations

IRODS supports the remote execution of procedures. Prosedtgecomposed from sets of
micro-services that can be used to parse data fore@tsert to new data formats, or extract
metadata. Micro-services can be used by PDS togealata transformation services via the
PDS API.

3.6.3.5 Metadata handling

Fixity computations may be handled by iRODS as it managesksinms on data files.
Metadata can be extracted into an XML file, and the@D$ can manage checksums on the
XML file and thus handle fixity computations on metadateOIRS also manages audit trails
that track all operations performed on a file.

This provides some of the metadata handling needed for long teseryatgon. PDS can add
API to document provenance events by the user, and update thee&tioh of an AIP with
documentation on provenance and fixity events.

3.6.3.6 Physical co-location of an AIP

As described above, metadata can be stored in a fil@D8Rsupports a logical arrangement
(mapping into a logical name space iIRODS controls), phyplaakment of files into selected
remote storage locations, and packaging (aggregatioresfifila single file).

PDS can use these capabilities to co-locate each AlfPetated AIPs on the same media.

3.6.3.7 Policies

The preservation policies may be moved into rules andedwes that are automatically
enforced by the data management system, independentlyafdloe of API.

The rule mechanism may be also used to introduce rpedgm policies for PDS. The set of
preservation policies that need to be enforced may keenigally changeable.

3.7 STORAGEHANDLER INTERFACE

/1 begi n_generated_| BM prol og
H pr ol og. pro. ococ. t ap

/1 1 BM Confidenti al

H OCO Source Materials

/1 (C)Copyright 1BMcorp. 2007
/1

/'l The source code for this programis not published or otherw se divested of
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/1 its trade secrets, irrespective of what has been deposited with the US
/'l Copyright Ofice.

/1

/1

IR R I I I R O I I R R S R I I S R R I R I S R I
/1

/'l end_generated_ | BM prol og

public interface | A pToStorage {

/**

* Initializes the storage handl er.

* @aram <args> Argunents for the initialize nethod
* @eturn void

*/

public void initializeStorageHandl er (String args[]);

/**
* Initializes the storage provider.
* @aram <args> Argunents for the initialize nethod
* @eturn void
* @xception StorageException
*/
public void initializeStorage(String args[]) throws StorageException;

/**
* Closes the storage provider
* @eturn void
* @xception StorageException
*/
public void cl oseStorage() throws StorageException;

/**

* Opens a session with the storage entity.

* @eturn void

* @xception StorageException

*/

public voi d openSession() throws StorageException;

/**
* Closes the session with the storage entity.
* @eturn void
* @xception StorageException
*/
public void cl oseSession() throws StorageException;

/**
* Creates a container object to store the AIP in.
* @aram <pAi p> The AIP to be stored
* @aram <pld> The AIPID to be stored
* @eturn void
* @xception StorageException
* @hrows PDSI | | egal Par anet er Excepti on
*/
public void createContai ner( PDSAi p pAi p, byte[] pld) throws
St or ageExcepti on,

PDSI | | egal Par anet er Except i on;

*

/
Opens the container object the specified AIP is stored.
@ar am <pAi pl d> The ID of the AP

@ar am <pCont | d> Cont ai ner ID

@aram <nodi f y> true/fal se

@eturn void

E I T T
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* @xception StorageException
* @hrows PDSI | | egal Par anet er Excepti on
*/
public voi d openCont ai ner (byte[] pAi pld, byte[] pContld, bool ean pModify)
t hr ows
St or ageExcept i on,
PDSI | | egal Par anet er Except i on;

/**
* Closes the contai ner.
* @eturn void
* @xception StorageException
*/
public void cl oseContainer() throws StorageException;

/**
* Abandons the cont ai ner.
* @eturn void
* @xception StorageException
*/
public voi d abandonCont ai ner () throws StorageException;

/**

* Gets the length of the specified piece of data.

* @aram <pNanme> Data nane

* @eturn Length of data

* @xception StorageException

*/

public | ong getDatalLen(String pNane) throws StorageException;

/**
* Commts the transaction.
* @eturn Byte array containing the ID
* @xception StorageException
*/
public byte[] commit () throws StorageException;

/**

* Wites the Content data to the appropriate place in the container.
* <p>If there is content data already witten this nethod will wite over the
* existing data.</p>

* @aram <pNane> Cont ent data nane

* @aram <pDataCQut> A byte array contai ning the Content data

* @aram <pLength> Length of the Content data

* @eturn void

* @xception StorageException

*/

public void witeContentData(String pNane, byte pDataCQut[], int pLength)
t hr ows

St or ageExcepti on;

*

Reads the Content data fromthe appropriate place in the container.
@ar am <pNane> Cont ent data name
@ar am <pDataQut> A byte array to contain the Content data
@ar am <pLengt h> Length of the Content data
@eturn void

* @xception StorageException

*/

public void readContentData(String pNane, byte pDataln[], int pLength)
t hr ows

/

* % Xk Xk

St or ageExcepti on;

/**
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Wites PDI data to the appropriate place in the container.
@ar am <pNanme> PDlI section data nane
@ar am <pRecords> Array of PDSPdi Records to store
@eturn void
* @xception StorageException
*/
public void witePdi SectionData(Stri ng pNanme, PDSPdi Record[] pRecords)
t hr ows

*
*
*
*

St or ageExcepti on;

/**

* Reads PDI data fromthe appropriate place in the container.
* @aram <pNanme> PDlI section data nane

* @eturn Array of PDSPdi Records stored

* @xception StorageException

*/

publ i ¢ PDSPdi Record[] readPdi Secti onData(String pNane) throws

St or ageExcepti on;

/**
* Look up the corresponding ID and add it as a property.
* @aram <pNanme> Replnfo ID field nanme
* @aram <pRepl nf ol d> Ai pld of Replnfo
* @eturn void
* @xception StorageException
*/
public void witeReplnfo(String pNane, PDSRepl nfo pRepl nfo) throws

St or ageExcepti on;

/**
* Read the ID and | ook up the correspondi ng Al P ID.
* @aram <pNanme> Replnfo ID field nanme
* @eturn <pReplnfold> Aipld of Replnfo
* @xception StorageException
*/
publ i ¢ PDSRepl nf oRecord[] readRepl nfo(String pNane) throws
St or ageExcepti on;

/**

* Wite the properties in the Data Managenent entity.

* @aram <pProperties> a structure with data to be witten to the Data
* Managenent entity

* @eturn void

* @xception StorageException

*/

public void witeProperties(Properties pProperties) throws
St or ageExcepti on;

/**
* Read the properties fromthe Data Managenent entity.
* @eturn <Properties> a structure with data read fromthe Data Managenent
* entity
* @xception StorageException
*/
public Properties readProperties() throws StorageException;

3.8 PDS CONCLUSIONS
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PDS is an archival storage system that may be deplyedstand-alone system. However, a
more likely case is that an archive that is requicesiupport long term digital preservation will
be integrated with PDS. This integration will includem® parts of the current PDS
implementation and some additional components.

PDS was designed from the outset to enable easy replacemhesaich of its layers: the
Preservation Engine, the XAM layer, and the OSD layer. @t implements a well defined
interface and is independent of the underlying layers.

This document shows the basic architecture and design for istegration. Any concrete
integration requires a specific scheme of architecturé mnplementation of additional
components to bind PDS to the existing system and provide longteservation functionality
for the data that was stored in the system in thegwaktor future data.

In the context of CASPAR, it would be useful to work arcls an integration design with
CASPAR data holders who wish to add long term digital pvesien support to their existing
storage systems.

To that end, PDS was installed in ESA and ASemantics.
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4 THE ESA DEVELOPMENT

The ESA implementation plan implements two strategies:

Development of a 100% CASPAR-based system prototype tmatal the CASPAR
preservation features in view of a possible future integratiG@ome components into the ESA
infrastructure

Integration of CASPAR with another existing project tpedvides to users open access to the
ESA and other Earth Scienegchivesthrough the samaterface

4.1 POSSIBILITY OF APPLYING THE CASPAR FEATURES TO ESA (AND
OTHER) DATA

Currently, data (which come from sensors on differentfgrlails, such as satellites, planes,
boats, balloons, or located at ground on the land), infoomatbout the state of the Earth,
relevant services, analysis results, applications and toel accessible in a very scattered and
uncoordinated way.

ES community would significantly benefit from a sharedogloES infrastructure able to give
simple access to historical data holdings and networlsegors, broadband communications
via ground and space, efficient, effective and distribetedputing and storage resources, etc.
In the context, ESA is leading the GENESI-DR project, which develop an ES dedicated
infrastructure providing reliable, easy, long-term accedsarth Science data and services via
the Internet.

* With regards to data curation, the prospect of losinglidiéal records of science (and with the
specific unique data, information and publications managed By ESery alarming. To respond to
the urgent need for a coordinated and coherent approattfefting term preservation of the existing
European EO space data, ESA formed a Long Term DagarRation (LTDP) Working Group.

+ In addition ESA-ESRIN is participating to a number ofiingtional projects partially funded by the
European Commission and concerned with technology develdoameérintegration in the areas of
long term data preservation, such as CASPAR.

It should be clear from the previous analysis that tlseaestrong need of easily discovering and
accessing data as well as adopting proper and effet@baecuration and preservation strategies.
In this paper we report the results of the collaboratiowdst CASPAR and GENESI-DR
projects, addressing data curation and data discovergsscand processing respectively.

This collaboration has the overall objectives of:

evaluating the effectiveness of the CASPAR data preservtamework as well as the impact
on users and data providers while increasing its visidiitthe Earth Science community by
taking advantage of the GENESI-DR audience;

demonstrating the ability of GENESI-DR Research Infrattme to provide easy access to
heterogeneous and disperse data which are preserved accordiegntedhanisms defined in
CASPAR.

4.2 THE GENESI-DR PROJECT

GENESI-DR Ground European Network for Earth Science Interoperations — Digital
Repositorie} provides to users/applications open access to difféemipean Earth Science
Digital Repositories through the same interface.
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Ground European Network for Earth Science Interopematiddigital Repositories (GENESI-
DR), an ESA-led, European Commission (EC)-funded two-peaject, kicked-off early 2008
and is taking the lead in providing reliable, easy, long-tecoess to Earth Science data via the
Internet. As previously discusses, Petabytes of data aboptamet are available but distributed
at different locations.

Currently, information about the state of the Earth, eslévservices, analysis results,
applications and tools are accessible in a very scatter@dincoordinated way, often through
individual initiatives from Earth Observation mission opemtscientific institutes dealing with
ground measurements, service companies, data catalogues, et

Data access is a major logistic problem. The EC has (uGHNESI-DR as a flagship project
in Europe to help meet the challenge of facilitatingdffscientists from different Earth Science
disciplines located across Europe in discovery, access amd(cesnbining, integrating,
processing, ...) of historical and fresh Earth-related deden space, airborne and in-situ
sensors archived in large distributed repositories.

GENESI-DR is a response to the need for science usérs poovided with data and tools to
access, combine, and integrate the Earth-related dgparforming their analyses.

This need has lead to the identification of the basic GENER infrastructure requirements:

Capability, for Earth Science users, to discover deden fdifferent European Earth Science
Digital Repositories through the same interface irmasparent and homogeneous way;

Easiness and speed of access to large volumes of coherentitained distributed data in an
effective and timely way;

Capability, for DR owners, to easily make available tldzita to a significantly increased
audience with no need to duplicate them in a differemage system.

The first requirement is reflected in the GENESI-DRRh#tecture on the Central Discovery
Service, which allows users and applications to querynmdton about data collections and
products existing in heterogeneous catalogues, at federatedd3R

This service can be accessed by users via web irgerttae GENESI-DR Web Portal, or by
external applications via open standardized interfacessegduy the system.

More in detail, the Central Discovery Service identities DRs providing products complying
with the user search criteria and returns the correspodicgss points to the requester. This
latter can refine its search towards the DRs, sophaducts complying with refined search
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criteria are identified and the corresponding metadataetuened to the client. These include
the product access URL allowing product retrieval.

To meet the second requirement, flexibility and perforceaare taken into consideration by
making use of different and efficient data transfehmetogies such as HTTPS, GridFTP and
BitTorrent. The cope with the third requirement, the Amiatture of GENESI-DR provides the
DR owners with a mechanism (Catalogue Generator) wupeoa metadata catalogue by simply
harvesting metadata from their storage systems.

The Central Discovery Service communicates with the @iffieDR catalogues through a web
service gateway.

GENESI-DR platform is in line with the platform visioneg DPEGREE and with the expected
achievements of the major ES communities programmes/ivitsatike GEOSS and INSPIRE.
GENESI-DR has formal relation with GEO in severaksasuch as: the management of large
volumes and diverse types of Earth observation data; tpéenmentation of the GEOSS
architecture; the harmonisation of data, metadata aodupts; the use of satellites for risk
management (inherited from the GPOD Fast Access to ImémeRapid Exploitation service).

GENESI-DR is also analysing common approaches to preservastbacal archives and the
ability to access the derived user information as botlwao#t and hardware transformations
occur. Ensuring access to Earth Science data for fgfemerations is of utmost importance
because it allows for the continuity of knowledge generatigprovement.

4.3 THE CASPAR AND GENESI-DR COMBINED APPROACH

Recently a Working Group led by ESA has been created tdlisbtaa framework of

collaboration between CASPAR and GENESI-DR in orderoladopt data preservation and
curation mechanisms defined in CASPAR within GENESI-D&gdrch Infrastructure and 2) to
provide CASPAR with a further way for validating the daieeservation and curation
mechanism in the domain of Earth Science, benefiting froBNESI-DR feedback and
integrating services shared with other DRs to enlargeapabilities to meet the ES community
requirements.

To this end, different validation scenarios have been ifdmht The first step of this
collaboration has been to define in detail the integrate@mario between GENESI-DR and
CASPAR. Two subsequent integration phases have bedifiekn

In the first phase the following actions have been perfdrme

GENESI-fication of a CASPAR based DR. A DR, in order takmits data discoverable and
accessible through GENESI-DR, needs to perform theaBedcGENESI-fication procedure
(described in detail in the GENESI-fication Guide). Taetion allows users to discover and
access data that are preserved according the mechatgfnesl in CASPAR.

Development of a validation service that estimates cadrprofiles of Ozone starting from
GOME L1 data stored in a CASPAR based DR. In thisage, the user can discover and
select, via GENESI-DR WebPortal, GOME L1 data (ested from the CASPAR based DR and
preserved according to the mechanisms defined by CASPARYamand their processing,
using GENESI-DR processors and computing resources, to obtagstanate of vertical
profiles of ozone.

Development of a validation service that generates GOME data starting from GOME L1
data.

In this scenario, the user can discover and select, via GENR WebPortal, GOME L1C data.
These data are generate on-the-fly using related GOME Hlpescessors stored (and so
preserved) in a CASPAR based DR.

These scenarios demonstrate:
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how CASPAR can benefit from GENESI-DR in using shared seyvice discovering,
accessing and processing preserved data;

how GENESI-DR can benefit from CASPAR in providing the usiéh preserved data and
processors;

the possibility for CASPAR users to discover and acdada generated on-the-fly and in a
transparent way by using services provided by GENESI-DRsandce data and processors
specified by the curation mechanism.

In Figure 16, illustrating one of the validation scenarievjously described, the user obtains
ozone profile information using the GENESI-DR processingnsoe and the GOME L1 data
preserved in CASPAR.

: - A ' CASPAR
Totd DR

GENESI-DR Ozone
processing and profiles

validation service GOME Level

1B data

Figure 16 — Access and exploitation of preserved data

In Figure 17, illustrating another validation scenarios mesly described, the user derives
GOME L1C products from GOME L1 using processing software atd doth preserved in
CASPAR.
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CASPAR

GENESI-DR 3 :
el GOME Level L1B>L1C
1B data processor

Figure 17 Access and exploitation of preserved data and merved processors

In a second phase of the cooperation, the actions needée fotlbwing tasks will be analysed
and performed:

to make the previously defined services accessible fronideuENESI-DR webportal (e.g.
webservices) ;

to store the processing results in CASPAR-DR;

to return profile-based Repinfo to GENESI users (seerEi)8: a less expert user asking for L1
products gets the products, processing software and relatechelaation, while an expert user
performing the same query only gets products and relatedgsiog software);

to define a strategy for propagating CASPAR featureshter selevant GENESI DRs.
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L1B->L1C

processor
L1B—>L1C

documentation

GOME L1
products

CASPAR
DR

L1B—->L1 C
processor

Figure 18 — Different Representation Information are retirned to different users

4.4 STUDIES CONCERNING THE INTEGRATION BETWEEN CASPAR &
GRID

4.4.1 The description of actual processing system:
Grid-Engine is the WorkFlow Orchestrator for the EGEE IGrrid, 100% Java.

The idea leadings the Grid (called local to distinguistoin a real Grid) is the adoption of an
API set interacting directly with the underlying middlewarethis way it is possible to allow
an user ( a scientist) to put his program on the “GRID”.

The grid-ification of a program is a complex operatian come out the concept of the
application manager that is responsible for the migratidhe job. The research focuses on the
integration of the Meta-Data catalogs with the OntoldBiesionaries enabled by CASPAR.

Knowing that the first attempt of the integration betwe&SBAR & ESA_Grid is planned to
be performed with GOME data;
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Grid-Engine
T ) Y
' Requires i Job : {
) A) Arguments 1| Original i Provides '
+ B) InputData 1| representation |1 A) OutputData i
! C) Standard Input E :“for the program: 43 B) Standard Output !
1 D) Environment 1'itis executed op”'~ C) Standard Error |
) E) InputTable r",:'the user machirt,,5 D) OutputTable E
; i | and requires ---- | | ¢
: ; ; :
i 5 5 !
: i : '
e S e
[ [
m wW [ [
Services: Interaction of IN-BOX OUT-BOX
submit core-services Representation Representation
cancel for
< info g complexity-
find augmentation —
status GRID>>GE
. _/

Grid-Engine API set
This API set is in the basic form built by:
Preparation
Remote-Execution
Completion
Status
Stop
These are programs ( at the present ) callabl
by application manager or by Grid-Engine or
by the user. Obviously each program is
different in relation to the underlying grid that]
it interfaces!

D

The application manager makes 3 principal (logical and implexdgptograms
Preparation

Wrapper

Completion

For a middleware the difference between several Prisparg minimal only related to the
name of In-Box and to the different internal call fioe-tuned utility script.

4411 Light Job Description

Local (or Locally) indicates an action (actions) or file (files) on thacimine that runs the Grid-
Engine, whileRemote (or Remotely) indicates that the inherent action (actions) or filkegjiis
to be considered on the CE-machine.

A better definition for the In and Out DATA:
This piece collects th@UT-BOX defined above and made by :
Standard Output of the process invoked by the user ( restirentthe stdOut file)
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Standard Error of the process invoked by the user ( redirectéhe stdErr file )

OutputDataset produced by the user-process [ the files really produmecpplication
probably remain on the Grid, in the storage-Places |

OutputTable [ listing as URLs the whole OutputData-set |

The In DATA collects théN-BOX ,
Arguments ( a text file containing the argv[] : argData

Standardinput ( a file containing all the informationsunexfl by the application ; we used
input.in file )

InputDataset ( The complete set of files to be elaborated , resgtmmewhere in the Grid )
InputTable [ listing as LogicalFiles the whole InputDaéd-]

Environment: a set of variable-value pair

4.4.1.2 Preparation

The Preparation makes operations involved in the In_Data collection. It pespthe files;
argData and input.in [ checking if the InputData setarrectly available by the algorithm
during execution ] togheter with environment file. An exampleRyeparation programis :

Start

creates the input file
set Parameters

.... other here ....
End

4.4.2 Remote Execution Phase

4.4.2.1.1.1 Store&Register procedure

The pilot script is the wrapper for the job ( executedately ): its name could be fixed at once
or changed each time. Suppose that application manager H&8d dn Sinc] program that
elaborates data stored in a file for a result pradaoct
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The translation to Grid-Engine enabled JOB of the previblisgrogram consists in several
operations.

UFHBO

DataOut
y
Pilot put

Program:
Environmen
made.

Pilot Program is built regarding the informations relatetN-BOX and OUT-BOX.
The end of the preparation-section is the beginning of thpperasection.

It is clear that in the wrapper phase the Pilot Prograns as on the local machine and
therefore it has to simulate the execution of the compuitalgorithm but in a driven-

automatic way, without any client or external-systemeraction. For the computational-
process launch on the local machine the client must fulmite application these entities :
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« % «\

Arguments
InputData
InputTable
Standardinput
Environment

where Standardinput , Arguments and Environment are the eisesi| InputData is the file or
the files to be elaborated ( Physical file ) and Inputd@abports the Logical File related to the
Physical one (Itis a list of url).

4.4.2.1.1.2 Store&Register task

After the Pilot execution each result must be stora@tienGRID-StorageSpace and these result
have to be registered somewhere (writing in the OutputTdide URL of the form:
protocol://HostNameport/complete_Path) hw the choice is left to the application-Manager.

This reprsentes the :I

External  visible! : CE

GRID interface: ! Pilot Data
Only through this: : runs here

interface an® !

external module or /

system can interact /A/ Result Tabfe
with the grid inner &7 _—7 CE
element, calling 4 |

services presented
here.These services
1

as presented by the X
Grid are composed
in a new set by

3

!
1
I
1
1
\

OUT Dat

IN Data GateWay

GateWay

The IN-Data GateWay is the channel used to up-load atid files, and it is accessed only
during the Preparation phase; the OUT-Data GateWay ishidwenel used to down-load from
the grid the files product. It is accessed only during theaietion phase.

4.5 CASPAR AND GRIDIFICATION
Suppose the first merging attempt is related to the edtiborof GOME data.

Start

/I/All Pilot operation HERE for EO-computation///
Collect result into RES.tgz

move result to ESRIN-SE  ---->>> *

And this could be done with:
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>>-copy-<<
URI_1:file:// pwd /RES.tgz

URI_2:: [gsiftp] ://theMachine.esa.int/datal/eo/RESULTR&gUlt/RES.tgz
End

The CASPAR could pilot the search and discovery of dettaegjuested, in a half-automatized
manner [for this first step].

451 CASPAR & GRID as a Semantic Grid

The architecture could be idealized as composed bynbeof archive stores, each of which is
fronted by a gateway with a Web/SOAP/Grid interfadée gateway organizes access to meta-
data.

The gateway organizes delivery of preserved objects, subjdut satisfaction of access rights.

4.5.1.1 SEMANTIC GRID

The semantic grid is the application of the principleshef $emantic Web applied to the grid
environment, an extension of the current grid in which infélonaand services are given well-
defined meaning, better enabling computers and people tomvodoperation.

In fact, the semantic grid is often viewed as the tesutombining grids and semantic Web
technology upon a graph of increasing integration and data catigpuitas shown in the Figure.

There are really two aspects to the semantic grid: tbeodery of available resources for
processing the data and the ability to integrate the data

For Data-Grid's (those sharing disk and storage spacteachsf providing CPU power), which
is how many see the Web already acting, using grid technolody §éfeices, security, etc.) to
provide links and connectivity between information will provide edficient way of storing
information.

For example, with a semantic grid component that sfuinesos, combined with a semantic grid
that stores video material, it should be possiblaae connections and associations.

45.1.1.1 HOW can we merge CASPAR with Grid's?

CASPAR is a project for the preservation of the Inforomgtian Ontology pioneering
preservation environment, the Grid itself is a scheme dbpots to follow for developing a
distributed-computing-system.

I'll list the ideas in an order that reflects the diffty of integration.

The first idea is that CASPAR aids the recovery of Batd the ingestion. It could extend the
Replica-Catalog enabling semantic-data-extraction.

It could help the Information-Index during Grid-Services discgver
So we can check for the existence of a particular restaargiag on its meaning;
The Grid-Job itself will be capable of search for saugiliary data.

Suppose that a scientist needs to configure a complex Veavkef components and to setup the
complex scripts required to execute each component (k&dgjob on a specific grid resource:
for example the GOME test/execution. One of the tasks indad/a search in certain “area”
for a time period, where observations are processed thaueglaps and range-recovery. This
may involve composing a work-flow of hundreds of jobs and wxeg them in appropriate
computing resources on the grid.

The approach to the CASPAR-GRIDIFICATION problem couddtbe usage of an automated
technigue combined with knowledge representation and reasomngrdér to specify the

69
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capabilities and requirements of those components as wethe capabilities offered by
computing and storage resources (resource here “in theay$e”) available on the grid.

The system that CASPAR will build-up could use the MetaHEZatalog-Service to perform the
mapping between application-specific attributes and lo§jleahames of existing data products.

To orchestrate work-flow we can use GridEngine or DAGNV

What CASPAR will demonstrate is the preservation of thierfnation; it could also develop
ontologies that describe computing and storage resourcesbéaitathe grid, so that they can
be used for matchmaking and dynamic resource allocation.

The goal is to extend existing models with rich definitiofsobject classes that capture the
capabilities of the resources available through the Grid.

For example, to run a Java program requires an ultgcigpt that assigns a host computer that
can run JVM and is running a scheduler (LSF for exampid)cates the physical location of
the code files, and moves the code to the right places.

CASPAR could be used in this sense, for the resourcdogies and descriptions to select
resources automatically given the requirements of each oéppbcation components in a
work-flow, and since there is a dynamic context in which ghd-resources live, a static
planning and scheduling-technique is a strong constraint. ¢&imso depicts CASPAR as an
add-on (or a meta-service) that could be insertedGiRiD.

From the other side we can see a different panorama.

4.51.2 CASPAR using the GRID.

If we talk about CASPAR using the terms of web-serviced,vae have well known what's the
meaning of that distribution of services, then we can speatelisas using terms like grid-
services.

Substantially a grid-service is an “extended” web-serviceasp®ect of grid usage made by
CASPAR could be the extendibility managing.

Suppose we add/subtract continuously services (i.e. mackpesenting services) to/from the
system. Maybe could be useful to have a service-brokerpthiats to the available servers
offering similar services.

Another aspect is the dynamic reconfiguration for serviéeseldeal with non-static services
during time then a grid-based service could be useful.

4.5.2 Completion Procedure &

4.5.2.1.1.1 Publish
The completion procedure basically interacts with the Republication task.

At the end of publication task, in the CompletionPhase ,ubegaient Clean task has to remove
all data that are in the Working job directory ( Rempojednd the Working job-directory itself.

Locally Grid-Engine deletes all the useless files forxble, conserving the OutputTable, which
indicates the URLs of the result files.

4.5.3 Grid-Engine Job CREATION

453111
IN-BOX consists of 4+1 parts as seen by AdmMgr:

Argumentsmust be written in a text file called.Arguments that is a complementary part to
the pilot file;
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Standardinput must be written in a text file callech.Standardinput that is another
complementary part to the pilot file;

InputTable must be written in a text file called.InputTable that is another complementary
part to the pilot file. The InputTable file must list thegicalNames of requested files.

InputData is the complete set of files that the Computational-Atgorihas to elaborate. They
must be readable by the user as indicated by proxy’s pésnsss.

Environment as a list of a name=value pair must be written inest ffile called
in.Environment *2

The 4 files [ in.Arguments, in.StandardInput, in.InputTableznvironment ]| must
be present in the WorkingDir at the end of the userPeepargram either built as
templates directly or maybe not directly, as a resulthe userPrepare’s procedures
subset.

OUT-BOX consists of 3+1 parts as seen by AdmMgr:

StandardOutput of the computational-application must be redirected in la talled
out.StandardOutput .

StandardError of the computational-application must be redirected in a G&édled
out.StandardError .

OutputDatais the complete set of files that the Computational-Atbani produces during its
execution. This set must be stored in the Grid ( or cbeltkaved in the temporary-Working-
Remote Directory on the Computing Element as decided b§gpikigr ).

OutputTable must be written in a text file callexit.OutputTable. It is a file that lists the
LogicalNames of produced files *.

The 3 files [out.StandardOutput, out.StandardError, oup@ttble] at the end of remote
Computational-Process must be leaved in the temporarkiligeRemote Directory on the
Computing Element *.

4.6 GRID GLOSSARY

Computational-Algorithm The program furnished by user in the original form, asubeel on
the userMachine.

Pilot-program [ Pilot ] Is the computational-algorithm modified in suchway it could be
executed remotely in a Grid-Engine context.

IN-BOX A word that points to a concept of the Grid-Engine Jdliha data that are “eated”
by Computational-Algorithm.

OUT-BOX A word that points to a concept of the Grid-Engine Job:itre data that are
“produced” by Computational-Algorithm.

LogicalFilels the pointer that could be used by client to egithe file requested from
Storage-Spaces in ( or “near” ) the GRID.

temporary-Working-Remote Directory Is the directory created by Grid-Engine for the Job.
Computing Element The remote machine used for the execution of the Pilotamag
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INTEGRATION REPORT FROM IRCAM

In year 2000, IRCAM adopted the MUSTICA system, adoptinglire the same technique
used previously when the documenting material was organizemighout the “Cahier
D’Exploitation”.
During the project., the integration between the MUSTICAeysand CASPAR has been
organized integrating the CASPAR functionalities/componietsthe preexisting preservation

system.

5.1 CASPAR CUSTOMISATION BY IRCAM

The following table report the work performed by the IRCAtaff in order to adapt and
customize the CASPAR components

Componen| Integration activity report Feedbacks
t
DAMS Integrated very early
Definition of a responsibility matrix
# users;£ access rights
Users :
« Musical Assistant » (RIM)
Engineer developer
Archivist
POM Specific functions for accessing’ending” object: management [of
(Preservati | notifications (demo) consumed alert and notification — alert
on status
Orchestrati “Grouping”: classification of alert based
on) on element of DCKB. Expertise contaips
RIModules of DCProfile [GAP — POM
interaction expected in rel.0.3 — m31] -
topic and expertise
“ACK” to producer: option to be checked
“ToDo list” as a property of notification
AUTH Made a local implementation Need to attach different AP to different
Conforming with original specs steps of the lifecycle
Need to have templates apd
customization(curator creates templates,
musical assistant customize)
# Authenticity protocols for the same
object (an audio effect), depending on the
work where is used #( significant
properties)
FIND Queries made on the basis of RQL Enhancements needed t
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language

validation tools

Solved a problem of Unique Ids
(needed in queries)

ry

nd

GapManag| Deployed and tested a local versioRequirement for clearing the repositd
er of the component in order to include only the UL modules
Defined modules and dependencigs@nd profiles (done)
Provide with a well documented API a
examples for the integration of the
GapManager with the ICSRIM Archival
System (use of the existent API)
CNRS Deployed and tested a local versioDefined new requirements for the next
Prototype | of the component version of the tool

http://kial.leeds.ac.uk/eleni/proto
3/prototype.xul

Export RDF files using the name of
element and not the elementID

Defined new terminologies used bynclude comments on the RDF export

the tool for creating Replnfo object

Modified methods for exportin
Replnfo objects in RDF format

5
J

Aan

5.2 OVERVIEW OF INTEGRATED CASPAR FUNCTIONALITIES

rarching the DAMS for user
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in-memory filtering by
date_interval

" RS list

in-memory filtering by text

Fiom To Tills

e —— S — —_— —

=

00 TEST KOT SFECIFIED

o3 1 : E P S

i Tutscky Hang TANCE LIQUIDE 13001/2007 0.0000 w1 & ﬂ ﬁ

T g ars DISTANCE LIQUIDE 43801/2007 0.0000 1 0:13:00 TEST HNOT SPECIFIED HNOT SPECIFIED e ﬁ
R|Tulsdm Hans DISTANCE LIQUIDE 130172007 0.00.00 w1 01300 TEST NOT SPECIFIED NOT SPECIFIED 9 ﬂ
| Tutsd M. DISTANCE LIQUIDE 13012007 0.0000 w1 01300 TEST NOT SPECIFIED NOT SPECIFIED ﬁ a
i Tutsdhu Hans DISTANCE LIQUIDE A201/2007 0.0000 w1 0:43:00 TEST NOT SPECIFIED HOT SPECIFIED. G ﬂ
| Banardi Alain 2aily In the morning 0302008 80500 Wi 0:24.00 TEST HOT SPECIFIED NOT SPECIFIED 6 R
i Bonardi Alain Latn in the night DSABE008 23.10.00 w2 02400 TEST HOT SPECIFIED NOT SPECIFIED ﬁ, a
! Barthalemy Jarome new ADDDD 20022008 18 45.00 w1 00200 TEST NOTY SPECIFIED NOT SPECIFIED % a

searching the FIND for all instances
select F1_WWark

kWORKS List NOTIFIED

ttern code

Tite:
- f 100Hz audio sample
on dlate

D 1]
O1H 12000 121500 or calibrafion purposes

NOT SPECIFIED

HOT SPECIFIED

wl 1200 TEST

Tutscku Hans 120172007 0.00.00

DISTANCE LIQUIDE

Boutard Guillaume what people expected 2702/2002 160400 wl 020044 TEST HOT SPECIFIED NOT SPECIFIED Q ﬁ
Ciavarella Raphael

searching the POM for all works containing an item notified

TIFICATION - manage

TEST BY M. GATT

ar

Jiz}
3012007 0.00.00

|,

i
NOT SPECIFIED v
h R 2]
D

m ™

adding a new notification to POM for the specified item
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in-memory filtering by

date interval in-memory filtering by text

HOTIFICATINNE

Fra Ta

200172009 20/01/2009

Banardi Alain 26/11/2008 13.17 .00 N

26/11/2008 12.17.00 NOT SPECIFIED NOT SPECIFIED

ingest

HOT SPECIFIED NOT SPECIFIED

HOT SPECIFIED

26/11/2008 13.17.00

Blonardi Alain test1KHz ingest

Modification in standard for calibrating 19/11/2002 10800 HOT SPECIFIED MOT SPECIFIED NOT SPECIFIED

Bahelemy Jerame Ref. sig. 10KHz
Boutard Guillaume Audio AP w1 new release 19/11/2008 10.29.00 HOT SPECIFIED HOT SPECIFIED NOT SPECIFIED
Bonardi Alain Audie FX w1 new release 19/11/2008 10.39.00 NOT SPECIFIED MOT SPECIFIED NOT SPECIFIED

lavarella Ratfasle Pm%lsa.o ned release 19/14/2008 10.30.00 NOT SPECIFIED NOT SPECIFIED NOT SPECIFIED,

NOT SPECIFIED

NOT SPECIFIED

19/11/2008 2.21.00

Ref. sig. 100Kz obsolete

Barhelemy I3

EVENT ITEMS list

FOR TEST PURPOSE

NEWSPAPER NOT SPECIFIED
ARTICLE

RT LIBRARY NOT SPECIFIED

DOCUMENT THE WORK

01/12:2008

0171152000 PART OF THE WORK

blab - electranics

SCORE NOT SPECIFIED

01/11/2000  FART OF THE WORK

for calibration purposes

ref 100Hz audio sample

Ii.l agydio sample

il

0171172000 PART OF THE WORK ~ HALL NOT SPECIFIED
PROGRAM

select | from {1}.P106B_forms_part_of {P1}.{P2} P106B_forms_part_of
{E1} {E2} R22B_was_created_ by {EC1}.{EC2}
R49F_created_a_realisation_of {W}
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6 UNESCO INTEGRATION

In UNESCO significant effort to create an applicationtially as part of the testbed work,
which will help the World Heritage team in their presematiork; this section describes that
application.

6.1 EWE: AN EXTENSIBLE TOOL FOR THE PRESERVATION OF VHRP
DATA

6.1.1 Vision

This section describes the main strategy followed for dasign of the Cultural Testbed
Showcase application. Basically, this application aims t@ giomplete support to people
involved in instances of virtual-heritage-reproduction (VHRPPrufg the use of CASPAR
technologies to preserve their data.

EWE Summarizing, EWE (EWE is an Extensible WEb tool tfee digital preservation of
VHRP data), addresses the following issues:

providing an online tool for the definition of vocabularies artftbsas,

offering functionalities for the description (using vocabesralready defined) of projects,
activities and digital objects used or produced during a geviBiRP, and

a transparency layer that allows users to preserve titainmla OAIS-compliant manner using a
subset of the CASPAR Key Component.

According to several studies in the UNESCO domain relatedstbed activities that clearly
define UNESCO's role as a data collector, theress@ng need for a tool that can deal with an
enormous degree of heterogeneity coming from several datesour

UNESCO collects data encoded in different formats and peobwith different processes from

different data providers. Each data provider uses itsyaeabulary, its own methodology and

produces files with different software. Note: All thisvee comes documented to UNESCO,
therefore the need to start providing tools for such a dentation. Just to give a whole

overview of the unleashed heterogeneity, consider that therscelepicted above can be

accomplished using several different software and the irggualata can be encoded in a group
of different of formats.

EWE tries to address these issues providing functionatitegsallow users to define their own
vocabulary and to describe their projects using the terntaioed within. Once these metadata
are provided, EWE translates the schema into an RDFScbemasion of the CIDOC-CRM
Ontology and then converts the metadata into instances lofsshema. This process aims to
produce Desclnfo and Replinfo to be packed in a OAIS AIP.

The following document provides a minimum overview of the EiMernal data model, its
architecture, a basic use case and an implementation plan

6.1.2 Data model

The main aim of theConceptual Model for the XML Project Description Language
Specification[10] document is to describe the conceptual model behind the Rkbject
Description Language. This latter is an XML language foirite¥nal representation of projects
and activities to be handled with EWE. Following a bottonapproach all the main entities are
defined and an informative example is also shown.

It has been decided to not include here such specificgtishfor the sake of simplicity. Please
refer to the document and presentation provided at the CuFRestibed Authenticity Meeting
[ref] for more details.
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The key concept here is that projects can be describegtrirs tof their activities and their
digital objects, and such descriptions (encoded in a XMIngtaded into an RDFSchema that is
an extension of the CIDOC-CRM ontology.

6.1.3 Architecture

The following picture shows the EWE high-level architecturachiEcomponent is therefore
described.

pit = new rojectTyoe(l,

p = new Projoct();

INSERT INTD Types WALUES (.} toRDFSchemalTyoe pitl:
005 LIEEN T Persistence Layer PDL2CIDOC
Repository
A IepInTc Ieping B
ACSpINTGLIERINTG P addSchemaToFind(ptROFY,
acd3epinfo{ JRE ojDra):

1D = saveAPIL..);

INSERT INTO IT:
WMALLIFS (Mo PACK)
EWE Internal ID

Repository

PACK

PDS

The EWE RESTful interface providesa set of RESTFul APIs allowing users to define project
types. Every project type is described by a set ofiiies each dealing with a type of digital
object (i.e. files). Since the final aim of the appiica is to produce data that can be translated
into several Replnfos and Desclnfos, the concept of Digitgéct Type is the main point here.

In fact, since a Digital Object Type is an XML docurndascribing the format of a specific file
with others data related to the production and to context, @s translation in RDF make
possible to store a Desclnfo within an AIP in easy.wiye feasibility of achieving this using
XSPARQL[11] is currently under discussion.

Moreover, a Digital Object Type, embeds all the struttimBormation (more specifically
Structural Replnfos) needed for the long-preservation term low coupled way: in fact, a
separated and specific DRB File is attached to eveagitddiObject Type.

This component also acts as a transparency layer that dliddsee OAIS technologies that
underly the application. Furthermore, the choice of exposingpbiécation functionalities as a

REST service allows us to build several different Web apiidins on top achieving a high
degree of extensibility.
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casp

6.1.4 EWE Core

This component has the application business logic responsiBitisically, it catch user input,
stores and retrieves types and instances in a relatiatetbase, converts them into XML to be
provided as output of the REST APIs, sends them to the contplenghe RDFSchema/RDF
translation and, finally, is responsible for sending the ralvedata for CASPAR
ingestion/retrieval.

6.1.4.1 PDL2CIDOC

This is the component responsible for converting instancdtedwo EWE internal languages
into a formalism to be sent to the CASPAR Find compoasridescinfo. More specifically:

An instanceA of the EWE XML Project Description Language was convertgd bone
RDFSchemarpr that is an extension of the CIDOC-CRM Ontology while,

An instancea of the EWE XML Project Instance Description Languageat(itepresents a
concrete project compliant to the descriptédnwas converted into an instance of #gr
schema.

6.1.4.2 EWE Internal Types/Instances Repository
Mainly, a relational database where types and insteareestored.

6.1.4.3 EWE2CASPAR Interface Layer

This module acts as a proxy between the concrete CASRAR Components (more
specifically PACK and FIND) and the EWE internal dataresentation. It also provides storage
in a relational databas&WE Internal ID repository ) for the identifiers obtained from the
PACK component in order to fulfil retrieval requirements.
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7 CONCLUSIONS

This document has provided an overview of several of the wayshich the CASPAR
approach may be integrated into existing systemsentiains to be seen as to whether or not
these types of integration will persist. In particulae use of CASPAR components into the
developing research e-science infrastructure has yet thullyeinvestigated, although the
roadmap which has been developed by PARSE.Insight does contagathe arguments.

! http://www.parse-insight.eu/downloads/PARSE-Insight D3-5 ImiesightReport final.pdf
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