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This note has three aims. First it discussesxperéences gined by the delopment of

a ecific service, which, using a collection of detailed XML descriptionsjiges its
users access to a collection of digitized mealienanuscripts. Secondlyt discusses
the database used from the point ofwid both retrieval of the intellectual content (the
texts) of these manuscripts and of the retlieof the manuscripts as unique entities.
Finally, it explores the possibilities fo searching a collection of comp#IL docu-
ments using a full t¢ retrieval engine used together with the Z39.50 information
retrieval protocol.

1. Introduction

Medieval manuscripts are complicate@Each manuscript is a unique entity with it8mo
history Often, not alvays, manuscripts contain\aal pieces of intellectual content,
each of which may be well kam in the sense that this content appear inyncantem-
porary manuscripts, and this content may appear in printed editions today

To catalogue medigl manuscripts requires a compledescriptve netadata
schema, which is capable of capturing not only theviddal manuscript as aosk of
art lut also as a unique blend of well kmointellectual content.

That is, you should be able to search forks by (say) Boethius orihgil. Butyou
should also be able to search for manuscripts thet been eavned by for @ample the
monastic society of the Lund cathedral, or manuscripts that were illuminated .in Italy

The S:t Laurentius Digital Manuscript Libraris an attempt to combine theseotw
aspects (Figure 1)A collection of medigal manuscripts at Lund uvérsity library is
being digitized, and cataloged using the Master XML BTBveloped by the Master
project. Thisnote describes only internals of the search system of the service, and does
so from an entirely conceptual point ofwie

The compleity of a Master document is close to or surpasses whatxqeets in

1 Nylander Eva; Borell, Mattias and Lundbgr Sigfrid:
S:t Lauentius Digital Manuscript Likary , Lund Unversity Libraries2002.
<http://laurentius.lub.lu.se> .

2 MASTER Work Group:
Refeence Manual for the MASTER Documeypd Definition Lou Burnard (ed.) @t Encoding
Initiative2001. <http://www.tei-c.org/Master/Reference/>

% DocBook &chnical Committeg<http://www.oasis-
open.org/committees/docbook/>
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XML documents in general, forxample DocBook or TEI* documents of similar
length. Conceptuallythe problem of retring information on a page range in a
medieval manuscript described using Master DTD is basically the same avirgjrae
section or paragraph in exts in general.

Although the scope of Laurentius is information retien a \ery specialized con-
text, | take a nmore general approachilhe solution to our specific problem applies to a
general class of information ancteetrieval problems.

This note has the folleing structure.First, | discuss generalities, namely the prin-
ciples for transformation of XML documents into a format that simplifies information
and tet retrieval. Theapproach useduilds upon anxension of the thinking and pro-
cedures we earlier applied to the ixithg of the web | thereafter | gplore hav
Z39.50 can be emplged to retrige smplified documents.l then go on to discuss
methods for fielded search in thissreonment. Finallyl return to a more general ques-
tion, if there is a need for a standardized tetrieval syntax, as opposed toxteencod-
ing syntaxes.

2. Automatic indexing® : T he fitting of a document to a database

2.1. Documentsand data

The general problem with searching taggexistas that thg are documents, not
database recordd hat is, thg are not taggedersions of already structured daBour-

ret’ makes a distinction between document-centric and data-centric XML documents.
The latter are usually constructed with a specific data-model in mind and may be cre-
ated from or digested into a relational database with the aid of an XML parser and only
a few lines of code in youralvaurite scripting languageDocuments, heever, differ

from simple data.Tags may nest into an arbitrary depth, and may also, in spite of the
mark-up language’ ontent model, appear in haphazard combinatidhgithermore,

the manner in which tags nest and theeywhe are combined may ha an important
bearing on the semantics of the ta@ys.the folloving | will refer to these tw kinds of
tagged tet as Document Lik Objects (DLOs) and Record LekObjects (RLOs)

There are a number of thfent solutions to the problem of searching XML objects
(DLOs as well as RLOs)One such solution might be to use aveafKML database
solution® Current implementations of such databases are, in genergl,good for
XML data (where relational databases alreadye. Someof the «isting solutions
are liilding on a persistent form of the Document Object Model (DOM), and at least
some of them he poblems with scalabilitysnce thg keep the entire database in
RAM memory Undoubtedly these are problems with nai XML databases will

4 The TEI Guidelings<http://www.tei-c.org/Guidelines2/index.html>

®739.50 Maintenance &gcy Rge Library of Congress Newwk Development and MARC
Standards Gitce <http://lcweb.loc.gov/z3950/agency/>

® There is a problem ofocahulary connected to the term ”|n>dag” In a hbliographic contgt
indexing means the assigning odywords form a controlled list of terms to a document, whereas in
the contat of full text searching, the term refers tailding a computerized "table of contents”, an
index, to a collection of documentdypically, the words loaded into the indeare also assigned to
different fields in relation to the tagging in the document.

’ Ronald Bourret:
XML and Databases2002.
<http://www.rpbourret.com/xml/XMLAndDatabases.htm>

8 Kimbro Stalen:
Introduction to Native XML Database)01.
<http:/iww.xml.com/Ipt/a/2001/10/31/nativexmldb.htmI>
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Figure 1. The architecture of the S:t Laurentius Digital Manuscript librdrge manuscripts

are scanned and the resulting images are stdreel texts are cataloged using the Master DTD.

The descriptions are parsed and stored in a database, the data model of which is struetured hier
archically to reflect the Master content mod&he cataloger assigns page ranges in tke te
describing the intellectual contents of manuscriptsthe web intedice the ranges are trans-

lated to lypertext links into the image repositgrgnaking it possible for users to retreeimages

based on content.

eventually be soled.

Apart from the &ct that there are viesoftware solutions \&ilable at the time of
writing, there are other more fundamental problems in connection with usimg nati
XML databases for té retrieval. The most important one being that such databases are
too closely connected to the XML structuri.is inevitable, since these databases are
(currently) queried using the Xpath language(more recently) the Xquery languade.

This precludes simultaneous searching of collections of heterogeneous document types,
for instance a mixture of TEI, DocBook and Open eBbdkcuments.

The Z39.50 information retnwal protocol is based on a tBfent philosopir The
main design goals behind it being:

O To make a dstinction between "fields” for searching (so calleehch atributeg
and those in the database (SQL tables or XML files or wéte

® World Wide Web ConsortiumXML Path langua@e (XPath), James Clarkand Ste DeRose
(eds.) Wrldwide Web Consortium1999<http://www.w3.org/TR/xpath>

10 World Wide Web ConsortiumW3C XQuery Languge,
<http://www.w3.org/XML/Query>

11 Open eBook<http://www.openebook.org/oebps/history.htm>
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O To permit the definition of dierentrecord syntaxeswhich are standardized abstract
representations of search hits independent of the actual data model of the database.

There are se&ral record syntaes &ailable. Themost common one is MARC folieed
by XML. In addition there is a nag Z39.50 syntax called Generic Record Syntax
(GRS). Thehits are record-lig, they are RLOs, lot importantly thg are independent of
how they are represented in the databaseuill not discuss MARC further in this note.

As rggards to XML and GRS in a Z39.50 cortehere is not much to sagther
than that you could think of them as being more or less the same thing, namely a kind of
simplified XML not supporting attrites, just elementsBut the elements, or tags,
come from wcalularies, so-called tag set¥he tag sets used in Z39.50 are partly stan-
dardized, bt it is also possible to define customized tags for a specific application.
Laurentius taks adantage of this feature.

The distinction between search atiiidss and record syntax has yao very useful
in this project, as well as in bibliographic searching in gendtas. a notion similar to
the thinking behind SGML and XML as it aims at making information search and
retrieval independent on the underlying data structures.

Everything we did in Laurentius could be done using other protocols and methods,
but | firmly believe that Z39.50 and full t¢ indexing is simpler and cheaper than most
of the alternaties

2.2. XML documents and Z39.50 tag paths

The records delered from a search engine in Z39.50 are more recoedtin docu-
ment like, still they are more flgible than most database recordss far as the protocol
itself is concerned, the fields may in principle be repeated arbitrardyfurthermore
there are no constraints agaels the lengths of thealues. Nav, in order to search
XML DLOs we hare  transform them into RLOsThe procedure for achiang this,
involves the solution of tav problems. Firstto split the document itself into suitable
portions, and to do so in aay which is meaningful gen the tag semantics and which
appear logical from a userperspectre. Secondly to recast the tagging of each portion
into something which becomes recordelikvith Z39.50 friendly tag pathd.will start
with the latteyand then continue with the former

To transform a piece of a DLO into a RLO means that the nesting structure will
have © be changed so that we obtain a sequence of predictable $agsExample 1.

<p>That means that someone (actually it was

<name type="person">Sigfrid Lundberg</name>)

cheated when he late autumn <date>2001</date>

pushed a lot of XML data into a full-text Z39.50 server</p>

Example 1.DLO fragment with alid TEI (or Master) mark-upEven this simple code auld
not male £nse to my Z239.50 sesw

Recasting a document into the formwhan Example 2, is a straight foand eer-
cise in XSIT scripting. luse a style sheet which reads the Master description from the
storage, and remap DLO (i.e., Master) syntax into RLO tagditarh small RLO is
then stored in my databas&he main diference is that the tags appear sequentially at
the same depthBelow | will discuss further he | connect these constructs to search

12\We se theThe Zeba Server (cf., <http://www.indexdata.dk/zebra/> ), Itis apa-
ble of handling millions of records loaded as tagget t€hepackage is distrited with aGPL (cf.,
<http://www.fsf.org/licenses/gpl.txt> ) license.



<record>
<text>That means that someone (actually it was</text>
<name-person>Sigfrid Lundberg</name-person>
<text>) cheated when he late autumn</text>
<date>2001</date>
<text>pushed a lot of XML data into a

full-text Z39.50 server</text>
</record>

Example 2. Hypothetical fragment RLO preserving most important aspects of the mark-up in
Example 1.

attributes. Naturallyproblems will arise that | h& ot been able to res@vin a general
manner (see Example 3).

<p>The search engine in
<title><name type="person">Sigfrid Lundberg</name>’s
database</title> is using Z239.50 for access</p>

Example 3.DLO fragment that cannot be ind&l without either losing some semantics (name
or title), or entering redundant information in the database (both name and title).

In the automatic indeéng process described ale the main issue is about getting
an optimal balance between granularity and aggien. Thisin turn will be reflected
in the balance between search recall and precisitwe. original semantics of the DLO
mark-up which is agggeted into the<text> ... </text> Is lost. A number of
factors afect the decisions, which are also related to the size of the database, the fre-
gueny by which mark-up is actually used andvhdheary” the most adanced search
forms are gpected to be.

To be more concrete, using Master it is possible to tag names of scribes, illumina-
tors etc. This is important information for researchlowever, if a database is small, a
field like "scribe” would be scarcely populated and hard to search unless yauikno
adwance &actly what to search fdf In the Digital Scriptoriunt it is circumwented by
exporting lists of names from the databa3éis helps users and decreases the need for
authority files (Consuelo Dutschk pers. comm.). Interestinglythe scan service
defined in Z39.50 doexactly this. The opposite problem, an aymagly high recall,
may arise een for small databases, and the problem may be aggrhby aggreaion
because users may then noté&cilities to impree their searches.

In a subsequent section, | will present angtimeich more pwerful mechanism that
may be used to find the optimisal balance between granularity andyare There-
fore, it sufices to say that whater user interbce one plan touild, it is usually adan-
tageous to presesves much DLO semantics as is possible.

The other aspect of fitting a DLO into a database is to split it into chunks suitable
for searching.Again, this is a matter of granularity and agg®n. For prose, such as
a novd in TEI, one olious unit would be chapterHoweve, inside chapters there will
be paragraphsin the deelopment of the Z39.50 details of the Laurentius search
engine, my main source of inspiratiomsvthe "Application-Support” Z39.50 Profile for

13 Database size is in thges of the beholderin my view any database containing less than 100
000 objects is indeed small (Laurentius iseayvsmall database)A union catalogue aaring all
presered mediga manuscripts in the arld would be big bt still only of modest size.

14 Digital Scriptorium <http://sunsite.berkeley.edu/Scriptorium/>
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Table 1. The s&en top elements of the Master DTD, permitted directly etloe top element
msDescription

Element Description
msldentifier | Identifies the manuscript by nam-
ing its ptysical location and
mentioning its call number
msHeading Basic metadata, such as authof
titte and date and place of origin.

msContent Basically a table of contents. A
list of manuscript items,

msltems. Each msiltem may con
tain other items, so this is a hief
archical structure.

physDesc The ptysical description, such as
extent, form, binding etc,ui also
writing system, number of hands
and numerous other aspects of|a
manuscript.

history Information about the origin,
provenance and acquisition of the
volume

msAdditional | Placeholder forarious other
information, including metadatal
for the catalog entry itself and &
bibliograply.
msRart For composite manuscripts, that
iS, manuscripts arising at some
later time by binding together a
number of items that in a prie
ous life lead an independent life.
The DTD permits the msiet ele-
ment to contain other maRs.

Access to Digital Collection®. | do not think there are manapplications or profiles
using the &écilities pravided by the Collections profile, which is a pityaurentius does
not use it either We dd, however, borrow the notion ofhierarchical digital collections
from it.

In the Master description schema there axerséop level elements (&ble 1). Of
these, msldentifiermsHeading, pyssDesc and history are descriptors of tlwdume,
whereas msContents describes its intellectual conteskart adds compieaty, by mak-
ing it possible to describe a manuscript as a composite structure consisting of multiple
instances of itswn kind. Obviously, in a catabase there will be one record for each
manuscript or manuscript part (naB. Thatis a record describing the actualypital
object, its origin and appearance.

In addition, each manuscript contains intellectual content described as manuscript
items in the Master DTD @ble 1). The items may be nested, such that i
manuscript item may consist of other items, and it may be a part of some other item.

Each piece of intellectual content is described in the msitem element at a Dublin

15 Library of Congress:
Z39.50 Pofile for Access to to Digital CollectionBraft Seven (Final Draft for Reiew)1996.
<http://lcweb.loc.gov/z3950/agency/profiles/collections.html> .
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Figure 2. Examples of the hierarchical search atttébarchitecture of the Laurentius database.
Numbers in braahts refer to 239.50 attuitbe number The ones abe 00 are non-standard
and used in Laurentius onlyA) The searching for geographical names can be made globally
using the bib-1 standard search atttéb Geographical-nametowever, geographical names
may also be searched in a comtspecific vay, namely historical ones, related to origin,
provenance and acquisition of a manuscrifB) and (C) gie examples on hw the standard
bib-1 search attrilte is fed with othemore detailed, search attites. Pleaseefer to the main

text for further discussion on lothe search attriltes are connected to XML mark-up.

Core like levd of detail1° It is identified using tw methods. Firstjnternally to the
manuscript by a locus, i.e., the page (or folio) range it occupies inothme. Sec-
ondly, more specificallyit also identifies its intellectual content by incipikpdicit and
rubric. Morebasic metadata, such as title and author aengi

16 Dublin Core Metadata Initiative (DCMI) Homed®e <http://dublincore.org/>
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Thus we decided to model a manuscript as consisting of one manuscript item, the
root item, possibly containing pointers to other manuscript root items (if the manuscript
is a composite one)Each root item describes its correspondingsptal object. The
items become indidual records connected to other records thrasgpart of or has
part relations as indicated in Figure A worked example of hav this is done is gen
in Appendix A.

2.3. Aseairch attrib ute ontology

Like nost other Z39.50 based services, Laurentius is using the bib-ltattsét for
providing a standardized intexée to fielded searcfiHowever, the Laurentius database
has a much more intricate search atiiébarchitecture than most other such services.
For instance, the bib-1 defines a search afteihame So does LaurentiusAll the dif-
ferent kinds of names defined by the Master DTD are searchable through that search
attribute. Andin the the same ay we definename-gagraphig, title, authorand other
popular search attriltes implemented in bibliographic search.

Unlike aher services, Laurentius is using a hierarchical searchuggtrgructure.

An ontology if you like. Theattribute 'name’ is an agggete of fields that are con-
nected to locally defined names of persons or corporate bodedjdikrical names,
names of historical personsveolved in the origin of the manuscripts, or persons
involved in the acquisition of the object etc (Figure 2).

The same reasoning is applied to place names, dates and saEethplain tet
(i.e., descriptie prose not bound to grparticular field in the database) is entered in this
hierarchical structureThis means that we can define a search at&ttistory combin-
ing all historical data, anglace through which all place names can be searched, b
there is also an atttibe history-acquisition-placdor searching only this aspect of our
collection. Allfields contrilute to the field "ayr'.

Above | pointed to the problem arising in the design of user iate$ because of
the trade-dfbetween granularity and aggetion in searching and ingeng. Thehier-
archical search attnitbes architecture is a werful tool in addressing that problem.

In Laurentius we wrk towvards a detailed indéng. Theimplication of this is that
we try to presem e much of the semantics prioled by the tagging in the Master
description as possible, while aggaeng by use of search attuites. V& do 0 snce,
for example, there are not enough names in the database for making it usefuketo mak
detailed distinctions betweemnous kinds of names in the user inaed. V¢ gill have
the option to implement more ahwed search options at a later stage without changing
the way the documents are incl.

3. Discussion

3.1. Onsearching

In building the Laurentius search system weehaemonstrated that it is possible to
search a corpus of comglXML "document like dbjects” by

o simplifying each document to a number of much simpler records that are connected
by is part ofhas partrelations

O replacing nested tagging by sequences of tags with equal depth, serialized tagging

17 The 239.50 Implementors Group:
Attribute Set bib-1 (Z39.50-1995): Semantitébrary of Congress Netwk Development and
MARC Standards Gite <ftp://ftp.loc.gov/pub/z3950/defs/bibl.txt> .
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O defining a hierarchical set of search atttéds

The system is using Z39.50 for searching, mainly for pragmatic reasons; Z39.50 pro-
vided the machinery for achimg our goals.The incentre for choosing Z39.50 as

thus not to praeide an interoperable searchvennment, and thus enable cross search
compatibility with library ORCs, or more generally with services using the &htin
CIMI*® Z39.50 profiles.Indeed at the current state ofvdlepment, the compatibility
between Laurentius and those profilesesyvpoor St Laurentius Digital Manuscript
Library Z serer is a &perimental from an orthodox Z239.50 point ofwjdut we man-

aged to hild the search service we needddross searching and interoperability are
fringe benefits that could and should bediteped further There are tw possible direc-

tions for such deglopment.

The first interoperability goal euld be to deelop virtual "union catalogues” for
detailed searching of multiple collections of manuscrigtéhough interesting techni-
cally, I think, to be honest, that the benefit of such a projeetldvbe limited if it is
restricted to a search for the content of Master manuscript descripiemsnanuscript
catalogues in the ovld are lager than that thecould be sent as a single mail attach-
ment (admittedlyLaurentius is unusually smallA monolithic central databaseowld
do the job This was also the road tek by the Master project itselff, however, we
add compleities, like links to (XML) full text, scanned images etc, the situation may
change, and this is an issue that needsstigation.

A second interoperability goal auld be to preide simple resource diseery like
access points to manuscript collections, that could be used from more general digital
library services and portalsAgain, such access points are more or lesgalrif the
material shared is Master records oriyt beyond that lgel there are complications.
How would a manuscript collection in the UK be iptated into JISG DNERZ inte-
grated frameork of digital information services?

Lund unvwersity library has in its manuscript collection a gay BoethiusDe con-
solatione philosophiae
(Incidentally it is bound together with incunables by the same author in a composite
volume.) We doviously possess modern printed editions ifedént languagesyailable
via the ORC. We may imagine that someone writes an article about the manuscript in
question. Thaarticle may becomevailable through an eprints se&w Then there is an
ahundance of related material — printed and digital — about the author and his life and
work. Ideallyall these resources should be presented and sengtked together in a
way which is meaningful for researchovkers and students in the humaniti@here
are prospects for some furtheonk.

3.2. Ageneral text retrieval encoding?

Currently there is aast interest in deloping XML/SGML mark-up languages foaxi-
ous types of tds. Thisis an area where TEI and DocBook/édeld the hgemoty for

a cecade (disgarding HTML, which has deeloped into a presentation language).
With XML capable wrd processors appearing we arevriacing a situation where we
can pect:

o Electronic editions of t& in TEI

18 The Bath Pofile: What is it and why should | eaxhttp://www.nlc-
bnc.ca/bath/prof.pdf>

19 CIMI Profile, Release 1.0H (Section 1), Xember1998
<http://www.cimi.org/public_docs/HarmonizedProfile/HarmonProfile1l.htm>

20 Distributed National Electinic Resoure, <http://www.jisc.ac.uk/dner/>
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O Dissertations on thosextis, possibly published in a specialized E¥@rmat.
O Papers written on related issues using DTDs proscribed by publhers.

O Eventually documents written in, forxample, DocBook will become sources to
researchers in the humanties€litistorians of science and technology).

While initiatives like DCMI23 and QAI?* provide a least common denominator metadata
semantics and methods for metadata dissemination, siadgitiés for searching and
navigation of texts are nondstent. Clearlywe reed a vay to search heterogeneoustte
databases and return result sets, where hits should be in a predictable fgariésse

of the DTD of the original document.

Acknowledgments. — Comments from Sara Kjellbgr Jessica Lindholm, Consuelo. W
Dutschle, Mattias Borell and Colm Bte have nuch impraved this note.

21 Electronic theses and dissertations in the humanities
<http://etext.lib.virginia.edu/ETD/ETD.htmI>

22 BjoMed Cental - XML/XSL Ednology paye,
<http://www.biomedcentral.com/xml/dtd.asp>

2 Dublin Core Metadata Initiative (DCMI)<http://www. dubllncore org/>

24 Open Achives Initiative <http://www.openarchives.org/>
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Appendix A. Transformation example
Two manuscript items, in original form

<msltem n="2.1.16">
<locus from="41r:4" to="41v:8">41r:4-41v:8</locus>
<title type="supplied">Prayer to Jesus Christ in his
pain (<ref>MDB84</ref>)</title>
<rubric>S<expan>an</expan>c<expan>t</expan>us
gregori<expan>us</expan> paffuae gaff til the<expan>n</expan>nae
effth<expan>e</expan>r skreffnae bgn saa myghaet afflath
som ... ee huo th<expan>e</expan>m lees m<expan>eth</expan>
gudaligh<expan>e</expan>t Amen</rubric>
<incipit>0 kigere h<expan>er</expan>ree
ih<expan>es</expan>u
<expan>christ</expan>e thu som aest alzom
nadhae fulleeste</incipit>
<explicit>och giiff mik ryffwilsae i mith hisertee
for allee mynae
syndaer Amen p<expan>ate</expan>r
n<expan>oste</expan>r</explicit>
</msltem>

and transformed into the Laurentius Z39.50 friendly tagset

<manuscriptitem>

<msid>Mh_35</msid>

<manuscript>Medeltidshandskrift 35</manuscript>

<title>Prayer to Jesus Christ in his

pain (MDB 84)</title>

<identifier>Mh_35-item2.1.16</identifier>

<from>41r:4</from>

<to>41v:8</to>

<incipit>0 kigere herrae ihesu christe thu som

gest alzom nadhae fulleeste</incipit>

<explicit>och giiff mik ryffwilsae i mith hisertae

for allee mynae syndeer Amen pater noster</explicit>

<rubric>Sanctus gregorius paffuae gaff til thennae

effther skreffnae ban saa mygheet afflath som ... ee huo

them lees meth gudeelighet Amen</rubric>

<item>
<ispartof><identifier>Mh_35-item?2.1</identifier></ispartof>
<title>Prayers to Our Lord Jesus Christ
and to the Trinity</title>

</item>

</manuscriptitem>



