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Abstract

Digital Archives are complex structures composed of human resources, state of the art
technologies, policies and data. Due to the heritage keeping role that archives assume
in our society, it is important to make sure that, the data that is produced by our
organizations is preserved accordingly in order do document is activity and provide
evidence of their activities.

Information stored in an archive must be treated differently than other types of information
because it is kept with the purpose of providing evidence of some organizations activity.
Due to this fact some properties should be preserved for long periods of time: integrity,
liability and authenticity. The preservation of this information extremely complex as digital
objects are far from being stable. They are software and hardware dependent. Normally,
their auto-preservation period is about 5 years.

In this context digital preservation practices become very important and should be part
of the institution's planning. The problem is how to keep digital objects in such a way that
their information is accessible long past their auto-preservation period.

RODA (Repository of Authentic Digital Objects) is a joint venture between public
administration and academic researchers that aims to become the public administration
repository. A repository where users can rely on digital objects authenticity and where
digital objects are expected to endure long beyond the 5 years expectation.

For the first prototype three kinds of digital objects were considered: text documents, still
images and relational databases. We will focus this paper on the relational databases
component.

Relational databases ingestion is accomplished by migrating the original database to an
XML representation. This representation (DBML - database markup language) was
defined according to a series of requisites, trying to preserve database content, database
structure and database attributes.

Throughout the paper we will discuss the creation of DBML and report its application to
some real case studies.
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Relational Database Preservation through
XML modelling

José Carlos Ramalho, Miguel Ferreira, Luis Faria, and Rui Castro

§ Introduction

Archivesarecomplexstructuregomposeaf humarresourcegyoliciesandinformation.Dueto thesocial
responsibility that is usually associated with this type of institutions - that being, safekeeping the
intellectual heritage of the human kind - it is one of their quintessential commitments to hold, preserve
and make accessible to their users the information that is kept under their custody and care.

In atimeandagewheremostinformationalitemsareproducedn sometypeof digital form, it isimportant

for these institutions to acquire new capabilities in what concerns managing, preserving and providing
access to this information. This means that Archives are expected to be able to treat digital information
with the same interest and respect as they currently do for historical records in analog formats such as
paper or microfilm.

Preserving the bits

Oneof theindisputabldruthsaboutdigital informationis thatit canbecopiedaninfinite numberof times
without loosing any data. However, access to digital information is only possible if the appropriate
technological environment is in place in order to render those bits of information into something that
potentialconsumersf thatinformationwill beableto understandThemajorproblemwith thelong-term
preservatiorof digital informationis notkeepingthe datasafeandstable(i.e. makingsurethatthebits of
informationdo notgetinvoluntarily altered) but providingaccesgo thatdatain waysthatareintelligible

to its users, which can be human beings, software or any other type of contraption. In a context where
hardware and software are evolving ever so rapidly (and not always in a well behaved fashion in what
concerns retro-compatibility) access to this information becomes a major issue.

The set of processes that are responsible for making sure that information remains accessible and
intelligible for long periods of time is generally called "digital preservation”. Digital preservation, as a
new branch of information science, is concerned with making sure that digital objects remain readable
and interpretable for much longer periods of time than the expected lifetime of the individual hardware
and software components that comprise the technological environment that is required to render those
objects, as well as the formats in which the items of information are enj@@e&MO5][LRWO3].

Many technique$avebeenintroducedwvhich aim at solvingthe problemof digital preservationAmong
theseareemulation[Rot99][Gra00] encapsulatiofSM98] [SM99] andmigration[DPT01] [Whe01], as
well as an assortment of variations and combinations from all of the above, e.g. normdiire@izh
[LSLTMO2], migration on-requegMWS02] [Rus03] or Universal Virtual Computer (UVC) [LorO1]
[Lor02].

Themigrationstrategycanbestdescribedisa'(...) setof organizedasksdesignedo achievetheperiodic
transferof digital materialsfrom onehardware/softwareonfigurationto anotheror from onegeneration
of computer technology to a subsequent generatidRADIO6].

Contrary to other preservation strategies, migration-based approaches do not attempt to preserve digital
objects in their original forms. In alternative, they transform objects from near obsolete formats to more
up-to-date encodings that most users will be able to interpret using common software available on their
personaktomputersThis canberegardedasa formatconversiorduringacces®r disseminationi.e. the

stored items of information (generally referred to as digital objects in a digital preservation context) are
transformed from their archival formats to formats more suitable for consumption by its users.

Normalization ontheotherhand,consistsn reducingthenumberof formatsin thearchiveby converting

digital objects from their original formats to a small number of normalized formats. This is usually done
during the ingest stage, i.e. the act of bringing new materials into the archival environment. In this type
of strategy, objects within a certain class (e.g. text documents, digital images, relational databases, etc.)
are converted to a preservation format that is considered suitable for long-term preservation. The

Copyright © 2007 by the author. Reproduced with permission of the author.
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preservation format is usually a well documented and easy do decode format that will ensure readability
for long periods of time. This strategy could be regarded as conversion during ingest.

RODA (Repository of Authentic Digital Objects)

The National Archives of Portugal (Direce«o Geral de Arquivos) is responsible for the safekeeping of a
largepartof theinformationthatis producedy portuguesg@ublic administratiorinstitutions.However,
theNationalArchivesdonotyetdetainthenecessarinfrastructureso supportheprocessesf managing

and preserving the digital information produced by these institutions.

Thecurrentinitiativesof theportuguese-governmengstablisttheneedto supportpublicadministration
activities in information technologies to improve efficiency, productivity and quality of their services to
thegenerapublic.In thisscenariat is clearthatthenumberof digital objectgproducedy thesdnstitutions

will grow and that their legal value, as well as authenticity, should not be compromised. These objects
will serveasthetestimonyof theactivitiescarriedoutby publicorganizationgndwill constitutehesocial

and patrimonial memory of our country.

Following this line of thought, the Portuguese National Archives are undertaking the endeavour of
developingprocessegpolsandresourcesapableof answeringhe needf the public administratiorin
terms of preserving the digital material currently being produced.

Thegoalof theRODA projectis to providetechnicalolutionsto digital preservatiomtthenationallevel.
Thefirst stageof this projectconsistedn buildingaprototypeof arepositorysystencapablef preserving
digital information and making sure that this information remains authentic within the archival
environmentThisprototypewill serveasathebasisfor developmenof afully functionalsolutioncapable
of ingesting and managing large quantities and genre of digital objects.

In orderto provetheconcepbf arepositorysystemcapableof preservingligital information,we limited
the number of accepted types of digital objects to three: text documents, still images and relational
databases.

Althoughthefocusof this paperis onthe databas@reservatiocomponentve will beginwith aglimpse
of the overall RODA's architecture and present the data model that supports it.

RODA's general architecture

RODA follows the Open Archival Information System Reference Model (OfEEE5DS02]. Among

other things, the OAIS identifies the functional components that should be present in a digital repository
systemcapableperforminglong-termpreservatiorof digital materials The proposednodelis composed

by four principal functional units: Ingest, Data Management, Archival Storage and Access. The Ingest
processs responsibldor accommodationf newmaterialsin therepositoryandtakescareof everytask
necessary to adequately store and preserve that information. For example, during this stage, an OAIS
repositorymaytransformthesubmittecbbjectso normalizedormatsadequatéor long-termpreservation

(i.e. normalization) and request the user to add descriptive metadata to those objects to facilitate their
futureretrievalby searckengineslt is alsocommonrpracticeto storetheoriginalbit-streanof theingested
material together with the normalized version (just in case a more advanced preservation strategy comes
along to rescue those old bits of information).

New entries come in packages called SIPs ("Submission Information Packages"). When the ingestion
procesgerminatesthe SIPsaretransformednto AlPs (“Archival InformationPackages"),e. theactual
packages that will be kept within the repository .

The Data Management component is responsible for providing services and functions for populating,
maintainingandaccessing@wide variety of metadatdhatis storedby therepository.Someexampleof
thisinformationarecatalogsaandinventoriesonwhatmayberetrievedfrom Archival Storageprocessing
algorithmsthatmayberun onretrieveddata,Consumerccesstatistics Consumehbilling, EventBased
Orders, security controls, and OAIS schedules, policies, and proc@€&HS02]

The Accesscomponengstablisheaninterfacebetweerthearchiveandtheenduser(i.e. theconsumer).
Thisfunctionalunitis ableto locatean AIP by queryingthe DataManagementomponentandretrieveit
from the Archival Storage unit. The AIP is then transformed into a DIP (Dissemination Information
Packageanddeliveredto theconsumerFigurel illustratesthe OAIS modelandgivesaglimpseof which
XML languages are being used in RODA.
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Figure 1: General architecture of the repository and XML schemas in place.

E' "\
1‘%%Eh"l 1S

P
MISO 238.87 l‘.\-@g ’Qa\\f} ‘ I______I‘

Preservation Iﬁ, i
Planning : ﬁ

ZINIE 1 structural Rj?-"m‘

METS

el

Consumer\

Producer |

Administration

e

/_—l
&Management )

The content model

Every digital repository needs metadata. From the simplest of repositories, such as a domestic jukebox
system created to store and manage a personOs music collection, to a large governmental repository
responsible for safekeeping the intellectual heritage of an entire country, metadata is used thoroughly to
support even the most basic repository functions, e.g. providing access to stored items of information. A
long-term preservation repository needs to maintain meaningful metadata of many types to be able to
successfullyarryoutits mission.Descriptivemetadatas essentiato keepmaterialorganizedandeasily
accessiblePreservatiometadatas equallyimportantif arepositorywantsto betrustworthyandcapable

of provingevidenceof theprovenancandauthenticityof thematerialgn its custody Technicaimetadata
arealsocritical for thesafe-beingf objectswithin therepository Finally, structuraimetadatas essential

for organising complex digital objects (e.g. a website composed of many files) and enable rendering
applications to adequately process and display those objects.
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Figure 2: PREMIS Data Model

Intellectual
Entities

One of the laying stones of preservation metadata is PREMIS (Preservation Metadata: Implementation
Strategies, [PREMIS])), it defines a data model comprised of five entities: Intellectual Entities, Objects,
Events,Rights and Agents (figuzg

Intellectual Entity Coherensetof contenthatis describedisaunit, for exampleabook,amap,
aphotographadatabaseAn IntellectualEntity canincludeotherintellectual
Entities; for example, a Web site can include a Web page, a Web page can
include a photograph. An Intellectual Entity may have one or more
Representations.

Object or Digital Object, is a discrete unit of information in digital form.

Event Action that involves at least one Digital Object and/or Agent known to the
Preservation Repository.

Rights Assertion®f oneor morerightsor permissiongertainingto a Digital Object
and/or an Agent.

Agent Actor (human, machine, or software) associated with Events occurring over
the course of a Digital ObjectOs life cycle.

The PREMISDataDictionary definessemantiaunitsfor Objects Events AgentsandRights,but notfor
IntellectuaEntities.Thishappendecaus¢helntellectualEntity is outof scopeandconsidereavell served
by descriptive metadata.

The RODA content model is based on the PREMIS data model. To suffice the data model, EAD is used
as descriptive metadata to describe Entillectual Entities. Furthermore, the PREMIS Obiject is refined by
atechnicametadatachemgsuchasNISOZ39.87for still images}o compensatéor PREMISgenerality.

Each digital object is described by an EAD record. These records are organized hierarchically within a
EAD document. Each leaf record points to a PREMIS record containing information about the digital
object provenance and event history. Finally, the PREMIS record points to the files that constitute the
digital object.

An additional XML language for packaging: METS (Metadata Encoding and Transmission Standard).
We use it for packaging SIPs, AlPs and DIPs.

Figure3 illustrates the content model created for the central repository of AlPs.

page 4 Extreme Markup Languages 2007®



Relational Database Preservation through XML modelling

Figure 3: AIP Data Model
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Working with Relational Databases

In March, this year, the first International Workshop on Database Preseatégnational Workshop

on Database Preservation] took place in Edinburgh. The idea was to bring together specialists from
academia and industry and to begin a brainstorming session about the subject of database preservation.
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The following questions were discussed during the workshop:

¥ How do we keep archived databases readable and usable in the long term (at acceptable cost)?
¥ How do we separate the data from a specific database management environment?

¥ How can we preserve the original data semantics and structure?

¥ How can we preserve authenticity and provenance of databases?

¥ How can we preserve data while it continues to evolve?

¥ How can we have efficient preservation frameworks, while retaining the ability to query different
database versions?

¥ How can multi-user online access be provided to hundreds of archived databases containing
terabytes of data?

¥ Canwe movefrom acentralizednodelto adistributed redundantnodelof databasgreservation?

In RODA we already provide answers to some of these questions. In order to keep archived databases
readable and usable in the long-term (at an acceptable cost) one must develop a repository capable of
storing abstract representations of databases.

Thisabstractepresentationf thedatabasevill enableusto separatelataandstructurefrom thespecific
database management environment (DBMS). We will loose all the original functionality of the DBMS
butwe will keepthedataandthe structurereadableandreusableTo keepthe databasestructurewe will
describat usingadeclarativanarkuplanguagesuchasXML. To preserveheauthenticityandprovenance

of the database we will document every event that involves the database since it enters the archival
environment. To fulfil the last requirement we will use PREMIS.

Thedatain ourrepositoryis alwaysfrozen,i.e.it is eitherasnapshoof datain a particularinstantof time
or it is composed of data that is no longer in use. This means that we won't support insertions or updates
on ingested databases.

RODA will always provide access to the latest accessible version of a database.

Accesgo hugeamountof data(terabyteglistributedacrosshundredf archiveddatabasesylistributed
database models and redundancy are issues that we intend to cover in our future work.

§ How do we preserve a database

The first step in preserving a database is to create an abstract representation of its structure. We were
looking for a format that could describe as many database attributes as possible. This format should be
hardwareandsoftwareindependento ensurdong-termaccessTheobviouschoicewasXML. However,

there are some technical issues that must be addressed in order to have a fully functional solution based
on this technology.

Eachdatabasengineexportsa databasén its own format. The problembecomegvenmoreacuteif we

intend to migrate from one database format to another. If we want N database engines to dialogue with
eachotherwewill haveto developN*N-N convertersOntheotherhand jf wehaveaneutralintermediate
representationye only needN*2 convertersThisfactis notnewandmotivatedthecreationof aspecific

group inside the OMG (Object Management Group) to address this problem. As a result of this effort, a
standard called XMI (XML Metadata Interchange) was developed.

After studyingthatproposalwe verified thatit wastoo complexfor our objectives We neededa simple
andcleanway to describearelationaldatabasé XML, preservingasmuchdataandinnatepropertiesas
we could.

As stated before, XML was the format we wanted to use to represent any relational database. The only
guestion remaining was: How? Develop a new language or use an existing one?

We decided to test our assumptions by building a small prototype of a database ingest module. The
following sections provide a detailed view on the inner workings of this prototype.

Relational database ingest module

Asin othercomponentsf RODA we arefollowing the OAIS referencenodelto implementour database
ingestmodule Thiscomponenhasastructureverysimilarto theonepresenteih figure 1. Thedifferences
are in the SIP building process shown in figlre
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Figure 4: Creating SIPs from a Database
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Note that we have specific access mediators for each database engine. They all differ in the way they
access content and database structure. For the moment we have created mediators for SQL Server 2000,
Oracle 8 and Microsoft Access.

The SIP that contains the database is composed of:

¥ a METS file as a package wrapper;
¥ a EAD metadata record that describes the database (still under development);
¥ a set of DBML files that represent the original database structure and content;

¥ asetof binaryfiles correspondingo blobs(binarylargeobjects)oundinsidetheoriginal database
(in DBML we havedecidedo addexternalpointersto thesebinaryfiles insteadf embeddinghem
in the XML as base-64).

RODA s alreadypreparedo ingestSIPsthatrespecthisstructureBuilding theSIPis of theresponsibility
of the producer that submits information to the repository. However, we have developed an application
that aids these users in this not so trivial procedure - the SIP creator.

In the next section we thoroughly describe DBML.

§ DBML (Database Markup Language)

As it will be shown, concerning information representation, XML is more embracing than a relational
database (RDB). This means that it is always possible to represent information contained in a RDB as a
XML document, but the contrary is not always possible.

Tojustify this point of view we will discussandcomparewo importantconceptsstructurednformation
and semi-structured information.

Structured Information

RDBs can be pointed out as the best example of structured information. In a RDB, the information is
structured in tables which are, in turn, organized in rows (records) and columns (fields or attributes).

This rigid structure delivers some powerful advantages such as: access is made easy and efficient; the
information can be validated and reused for very distinct kinds of results.
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Figure 5: DTD for a simple poem

<IELEMENT poem (title, author, body, date) >
<IELEMENT title (#PCDATA)>

<IELEMENT autor (#PCDATA)>

<IELEMENT body (quatrain|tercet)+>

<IELEMENT quatrain (verse, verse, verse, verse)>
<IELEMENT tercet (verse, verse, verse)>
<IELEMENT verse (#PCDATA|name)*>
<I[ELEMENT name (#PCDATA)>

<IELEMENT date (#PCDATA)>

Nevertheless, this excessive structuralization comes with a few drawbacks. Presently, the most relevant
issueis thelackof orderof therecordfields; in thedescriptiorof thestructureof aRDB, nothingindicates
theirorder.Forthetypical databasapplicationsthis aspects notrelevantyet, whenwe arestoringdata

which obeys to a linear order, and this order must be preserved, we face a serious problem.

Semi-structured Information

Usually, the concept of semi-structured information appears associated to documents. In the context of
descriptive markup, of which XML is a practical application, a document has a logical structure made
explicit by the inclusion of marks in the text. Although a document, as a whole, is a structured piece of
information, many of its parts are semi-structured, that is, they are composed by unstructured text and
tagged-elements interleaved in an almost arbitrary way.

To clarify these concepts, we present the DTD for a class of documents known as poend)Figure

This specification describes the structure that the documents of type poem must follow: the poem has a
title, followed by an author, the body and, finally, the date; the title, the author and the date are free text
components; the body, however, is a structured element composed by one or more quatrains or tercets,
that are made up of verses.

Apparentlywe arebeforearigid structure But in reality, we arenot: thereis anelementvhosedefinition
allowsfor mixed-contento beinserted;a verseis madeup of freetextwithin which nameelementsnay
occur, in any number or position.

These mixed-content elements and the free text elements allow us to state that an XML document is a
semi-structured information container.

At thispointwe mayconcludehattherearetwo impedimentgo thetranspositiorof theinformationfrom

any XML document to a RDB. The first one is the existence of elements with mixed-content. The other
hasto dowith thenatureof text. A texthasalinearorderthatmustbepreservedothatthetextcanactually

make sense; changing the order of elements will inevitably change its meaning.

Classical RDBs do not have innate mechanisms to deal with linear order nor with semi-structured data.
Ontheotherhand,the XML coexistswith structurednformation,semi-structure¢hformation,andeven
linearordersWeare thereforepeforeastrongcandidatéor theconstitutiorof aninformationinterchange
platform.

In our context we are dealing with information coming from RDBs thus the semi-structured problem is
not an issue.

How to transform a database into XML

Whenever we intend to represent a database entity in DBML, we must remember that, we not only want
to representheinformationitself butalsodescribdts contextandspecificpropertie{theso-calledneta-
information). In that case, we also want to describe the way data is stored in the original RDB.

A RDB hastwo componentsstructureandinformation.Ourfinal DBML documentvill have accordingly,
two parts,onethatdescribeshestructureof theRDB andanotheroneto storethedatacontainedy RDB.
The XML skeleton of our final DBML document will roughly resemble the one shown in figure
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Figure 6: DBML skeleton - general structure

<?xml version="1.0" encoding="is0-8859-1"?>
<DB name="XXX" date="today">
<STRUCTURE>

<ISTRUCTURE>
<DATA>

<IDATA>
</DB>

The conversion of a RDB to XML must be able to tackle the following:

Structure To fill the first part of the XML document we must access the structural
information of the RDB and convert that information to an adequate XML
structureEachDatabaséanagemen$ystemrhasaparticularway of storing
thisstructuradescriptiorof adatabaselThespecificmediatorswill takecare
of this for each type of database.

Data The transference of information from a RDB to XML is a more generic
process. Almost every Database Management System allows the user to
download the information in a database to a pure text file using pre-defined
field andrecordseparatorsThereforetheconversiorproblemto solveis the
one of converting data from those text files to the second part of the final
XML documentHowever,atthemomentwe havethemediatorgakingcare
of this too using common SQL queries that return the whole data available
in a table.

Lee Buck [Buc99] and Ronald Bour@ou05] describe two possible approaches to data codification.
However thereis noinformationavailableonthedescriptiorof thedatabasstructurepvenin commercial
projectsnothingis saidaboutthephilosophyandmethodologyadoptedin ourcasewedecidedo develop
anXML markuplanguag€DBML) to describehestructure We developthesewo topicsin thefollowing
subsections.

Converting the structure

Theconversiorns doneby themediatorspnefor eachRDBMS. MediatorsuseJavaDatabas€onnectivity
(JDBC) API to access the database structure information. When the JDBC driver for a specific RDBMS
doesn'provideall theinformationneededr providessronginformation,specificmethodsaredeveloped

to extract the information directly from system tables.

The translation scheme adopted by the mediators is the following:

Tables Eachtableis mappedo anelemennamedl’ABLE thathasanattributecalled
NAME.

Columns Each column will be mapped toG@LUMN element that also has\al ME
attribute, where the columnOs name is saved. Other properties like the data
type for the values of that column and the characteristic of being empty or
not, are stored in attributd&PE andNULL associated to th€OLUMN
element.

As a table contains more than one column, it is necessary to include in the
XML document another elemer@OLUMNS, to aggregate all the
COLUMN instances.

PrimaryandForeignKeys Keys may be defined inside the table definition; so it will be described as a
sub-elemenT4BLE. An aggregatiorelementKEYS, hasto beintroducedo
group the various keys in a table. The set of keys shall also be divided into
Primary and Foreign Keys; ’KEY andFKEY were introduced as sub-
elements oKEYS.

Extreme Markup Languages 2007® page 9
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Moreover, a primary key in the relational model may be single (just one
column) or compound (more than one column). To distinguish between the
two cases, an attribufe’PE was associated eKEY element, see figuré

As foreign keys (of single type) relate one table with another one, the
PKEY element shall be associated using the attribidéglentifier of the
destination table) anREF (identifier of the linked fields in the destination
table).

Figure 7: Translation skeleton

<TABLE NAME="Districts">
<COLUMNS>
<COLUMN NAME="code" TYPE="int" NULL="no"/>

</COLUMNS>
<KEYS>
<PKEY TYPE="simple">
<FIELD NAME=""/>
</PKEY>
<PKEY TYPE="compound">
<FIELD NAME=""/>
<FIELD NAME=""/>
</PKEY>
<KEY NAME="" REF=""/>

<IKEYS>
</TABLE>

To illustrate the translation schema just described we will use the structure of a classical Products and
Supplierdatabasthatis composeaf threetablesiwo tablesareusedo represenProductsandSuppliers
and a third table is used to implement the N:N relation that exists between the two.

The primary key of tables Products and Suppliers is single and is stored in the column CODE, in both
casesthereareno morekeys.Concerninghethird table,p2s,its primarykey is of acomposedypeand
thefield elementsarecod-pandcod-s;thistablealsohastwo foreignkeys,cod-pandcod-sthatestablish

the links to the two other tables. The result of the conversion is shown in8igure

Converting the data

As it was told in the beginning of this section, the transference of a DB to a DBML document has two
parts: the structure description (previously described) and the data (to be discussed in this section).
Accordingto [Buc99]and[Bou05]therearetwo approache® genericallyacomodat&DB datain XML:

Via attributes Eachtablerowis mappedo oneelementindthevaluesof its columngfields)
are mapped to attributes of that element;

Via elements Eachtablerowis mappedo oneelementandthevaluesofits columngfields)
are mapped to child elements, one for each value.

Thetwo proposalsnightlook equivalenfKim97], andtheyarein termsof theinformationrepresentation,

but concerning the processing effort involved in each of them, the options are quite different. The
processing of an XML documents is structure-oriented and the structure is given by the elements. The
attributes play a secondary role in this. The second approach is, therefore, much more effective. In this
project we opt for the second alternative,ie.elements.

To convert the information from a RDB to DBML the following translation schema is used:

1. For each table, an element with the correspondent name is created.
2. For each row in the DB, an element with the table name and the suffix "-REG" is created.

3. Foreachcolumn,anelementwith thenameof thecorrespondingolumnis createdlts contentwill
be the value of that field. Empty fields give origin to elements without content.

The next figure (Figure 9) illustrates the data conversion principle using the previously introduced
Products/Suppliers database.

page 10
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Figure 8: The Products and Suppliers DB Structure translated into DBML

<?xml version="1.0" ?>
<DB>
<STRUCTURE>
<TABLE NAME="products">
<COLUMNS>
<COLUMN NAME="code" TYPE="nvarchar"
SIZE="10" NULL="no"/>
<COLUMN NAME="description" TYPE="nvarchar"
SIZE="50" NULL="no"/>

</COLUMNS>
<KEYS>
<PKEY TYPE="simple">
<FIELD NAME="code"/>
</PKEY>
</KEYS>
</TABLE>
<TABLE NAME="p2s">
<COLUMNS>
<COLUMN NAME="cod-p" TYPE="nvarchar"
SIZE="10" NULL="no"/>
<COLUMN NAME="cod-s" TYPE="nvarchar"
SIZE="10" NULL="no"/>
</COLUMNS>
<KEYS>
<PKEY TYPE="composite">
<FIELD NAME="cod-p"/>
<FIELD NAME="cod-s"/>
</PKEY>
<FKEY NAME="cod-p" IN="products"
REF="code"/>
<FKEY NAME="cod-s" IN="suppliers"
REF="code"/>
</KEYS>
</TABLE>
<TABLE NAME="suppliers">
<COLUMNS>
<COLUMN NAME="code" TYPE="nvarchar"
SIZE="10" NULL="no"/>
<COLUMN NAME="name" TYPE="nvarchar"
SIZE="60" NULL="no"/>

</COLUMNS>
<KEYS>
<PKEY TYPE="simple">
<FIELD NAME="code"/>
</PKEY>
</KEYS>
</TABLE>
</STRUCTURE>
<DATA>

</DATA>
</DB>

This exampleconcludegshe DBML presentationln thenextsectionwe will discusssomeDBML issues
within RODA and how we are currently solving them.

§ Database dissemination

Up till now we have seen how we are using XML as an abstract representation for databases (data and
structure)InsideRODA'srepositorythe AIPswill bevery similarto the SIPsthatareingestedHowever,
disseminatiorof suchAlPsraisesadditionalissuesCommonuserswill notbeinterestedn alargeXML

file representingvhattheyareexpectingo bearelationaldatabasen orderto resolvethisissue we have
developed two distinct dissemination processes: SQL and HTML.

The SQL dissemination corresponds to the generation of a single standard SQL file. Users can use this

file to re-create the original database in their own state of the art database management system and then
use it to access de data.

The HTML dissemination is presented as a dynamic database browser that enables users to navigate
through the database. Browsing through a large DBML would require heavy processing from the XSLT
processor in place. For certain sizes, processing would be impossible all together. In order to solve this

problem we have created a cache representation of DBML in a temporary relational database (see figure
10.

EachAIP is translatedackto SQL andthis SQL descriptionis givento a databasengine(currentlywe
are using MySQL for this purpose).
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Figure 9: The Products and Suppliers DB data to DBML

<DATA>
<products>
<products-REG>
<code> al22 </code>
<description> milk </description>

<}'hroducts-REG>
<products-REG>

<./'p.roducts»REG>
</products>

<)E)AT/—\>

Figure 10: Database dissemination

AlP DIP

Metadata

- Access
DBML > SQL ; @ : @

MySQL Database

Browser
Files
e

i

Since this cache is supposed to work with any kind of database (we are talking about a database of
databases, i.e. a metadatabase) we had to create an abstract relational model suitable for that. The model
shownin figure 11is verysimilarto theonesusedby databasenginesye arejusttalkingaboutonelevel

up.
As you can see we have one table to store the database information, one to store table information, one
for field information and another to store the data ("REGISTERS"). All data items are converted to a

textual form in order to be stored in this table (blobs are converted to base 64). Although it may seem
extremely inefficient this component works quite well in this prototype version.

Wedevelopeanavigatotthatenablesisergo browsethecachedlatabasedJseranayaccessandbrowse
the database structure, access data items and navigate across relationsl EigBieesd14 present
screenshots of this application.
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Figure 11: Database cache model

DB TABLES FIELDS
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Figure 12: RODA Database Browser - Basic Database Information

Database repository gui

Database details:

Name DigitArg

Creation date null

Export date 2007-04-18 17:27:15
Product name Microsoft SQL Server
Product version 8.00.2039

Number of tables 19

SQL to restore original DB |download file

Show tables
Show relationships
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Figure 13: RODA Database Browser - Columns Information

Database repository gui

Structure of table Bibliography:

eaComponentID|19  bigint
alD 19 | bigint identity
BibRef 8000 STRING

Show registers
Table Bibliography relationships:

® Components

Figure 14: RODA Database Browser - Registers Information

Database repository gui

Home

Bibliography:

ComponentID ID BibRef
790950 80770 |null
790950 80771 |null

§ Final remarks

In thispapemwe havedescribedneof RODA'scomponentstherelationaldatabasegestmodule RODA
will be under development for the next 15 months.

Thefirst 12 monthswereusedo think aboutthewholedigital preservatioproblem to specifythecontent
modelof therepository to choosehe mainarchitectureandfind preservatiorstrategieadequatdor the
types digital object we have agreed to preserve.

During prototype implementation some problems have emerged:

¥ Ourfirst casestudyhasamodelwith morethan2.000.00(hodesRODA is performingslowerthan
we expected and we need to find faster solutions to this problem. In the next months we will
experiment with a distributed architecture and with GRID computing.

¥ Sizeis amajorproblem notonly thenumberof nodesbutthesizeof anodeitself. Consideralarge
databasélet'ssay,5 Gb) thatwasconvertedo asingleDBML file . Processinguchan XML file
is on it self a problem.

RODA's architecture is Service Oriented and Web Services perform poorly with large volumes of
data.

In the near future we are expecting to ingest a database with 26 terabytes of data. Ingesting this amount
of data will be a challenge we hope to be ready to handle.
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