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Abstract

The anount and quality of information avail able on the Internet incresses gealily. To seach
for information, users are provided with seach engines which often return ursatisfadory seach
results. Against this badkground digital caalog systems are becoming more and more popuar.
Unlike ealier seach engines, they contain information about information (meta-information)
available on the Internet or in the holdings of digital libraries but not the information itself.
Users can benefit from these systems in two ways depending on what informationis modeled in
them. Firstly, these systems allow for new types of queries; semndy, the quality of retrieval
results isimproved. This paper sets out how semantic, geographicd, and tempora relationships
can be integrated into digital caaog systems and how these relationships can be used to en-
hance seach and retrieval processes in such systems. The presentation covers both concepts
and a omprehensive description d a digital caalog system which is arealy used by environ-
mental agencies.
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1 Introduction and Motivation

Catalogs are used to fadlit ate the identification, locaion, access and use of items in
the holdings of libraries. In traditional libraries, different ways of organizing catalogs
exist. For example, aphabetic caaloging is concerned with organizing catalog items
in an alphabetic order whil e systematic or subjed caaloging is concerned with class-
fying the subjed matter of ead caalog item. Historicdly, bodk catalogs were the first
kind of caaogs. They were supplemented by digital cataogs, referred to as Online
Public Access Catalogs (OPAC), in the ealy 70's. With the success of the Internet
and World Wide Web, most of the OPACs were made Internet compliant and are now
accesgble using common Web browsers. Since OPACs have their historicd roots in



traditional bodk catalogs, only littl e dtention was paid to new techniques for digital
caaoging. However, there exist standards to ease the sharing of catalog items among
institutions (e.g., MARC format). Also, protocols have been introduced and standard-
ized to allow communication between library systems (e.g., Z39.50 [239.50], Dienst
[LaDag5]). From the perspedive of digital libraries, however, only little dfort was
spent on digital catalogs. A typicd example is the Dortmund Digital Library System
Dogital S1 [ToAI97] in which only alphabetic and systematic caalogs are available
even though modern technologies all ow much more sophisticated concepts for digital
caaogs. In [GIF094], Gladney, Fox et a. summarize discussons from a previous
workshop o digital libraries and provide definitions and charaderistics of and re-
quirements for digital libraries. Among other things, the requirements for digital cata-
logs as an esential part of digita library systems are mentioned. This topic, however,
was hot considered satisfadorily in the workshop an which the paper is based. Instead,
Gladney, Fox et a. recmmend renewed attention being gven to dgital caaogs
“...either by resurreding ... or by constructing afresh something ...” [GIF094, p.105.
One yea later afirst paper cdled ‘Cataloging in the Digital Order’ was published by
David M. Levy [Lev95]. Levy mainly argues why powerful search, browsing, and
indexing todls cannot obviate the need for digital caalogs. Levy’s paper closes with a
list of important questions. Both papers and particularly the open questions of Levy's
paper motivated us to start reseach in that area One result of our work is that we can
suggest answers to most of Levy's questions (see sedion 5). Further, our reseach
shows that the use of new types of relationships (i.e., geographicd, semantic, and
temporal relationships) in digital caalogs leads to a significant improvement in the
quality of retrieval results. In our opinion, this contributes to the recommendation of
Gladney, Fox et a. to construct a ... fresh something ...". Further to concepts, we dso
refer to the on-going development for a German Environmenta |nformation Network
GEIN. GEIN provides a digital caaog system for environmental information re-
sources which implements the different typesetdtionshipamentioned above.

The remainder of the paper is set out as foll ows: Sedion 2 focuses on catalogingin
more detail and introduces terms like geographicd, semantic, and temporal relation-
ships. It also elaborates the achitedure of the digital catalog used in GEIN. In Sedion
3, we show how the use of our prototype can enhance search and retrieval processesin
digital catalogs. Sedion 4 briefly sketches how the digital catalog system can be en-
bedded and used in an Internet compliant setting. Related literature is discussed in
Sedion 5. Our paper closes in Sedion 6 with a discusgon, a brief outline of future
research, and a list of suggestions for answers to Levy’s questions from 1995.

2 The Architecture of the Digital Catalog

In 1996 the FAW Reseach Ingtitute for Applied Knowledge Processng in Ulm,
Germany, was commissoned by the German Federal Environmental Agency (UBA) to
build a prototype for the German Environmental Information Network (GEIN). The
core of GEIN is adigital caaog system which integrates a number of environmental
information resources from German environmental administrations at state and federal
levels as well as a number of other relevant information providers. The environmental
information resources to be recorded can reside dther on Intranets, on the Internet, or
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Fig. I Components of the Digital Catalog

TCP/IP compliant databases. GEIN serves as a German contribution to the pil ot proj-
ed Environment and Natural Resource Management (ENRM) of the G7 initi ative for
a Global Information Infrastructure (Gll). UBA and FAW plan to continue the devel-
opment of GEIN in a new projed referred to as GEIN 2000 GEIN 2000will be part
of Germany’s contribution to the World Fair Expo 2000which will be held under the
keynote theméHumankind- Nature— Technology in the year 2000 in Germany.

Unlike traditional caalogs, the information resources in GEIN are indexed by
means of semantic, geographica, and temporal relationships. Before explaining these
relationships in further detail, we would like to sketch the overall structure of the
digital catalog.

Asthe enttity-relationship diagram in figure 1 shows, the digital caalog consists of
five main components. Each entry in the cdalog is represented by a cdalog item.
Among others, a uniform resource locator (URL, i.e., an Internet addres9 at which the
resources reside is gored with ead caaog item. Semantic relationships are modeled
by means of athesaurus. A gazdtee (i.e., a geographicd thesaurus) is used to model
the geographicd relationships of caaog items. Also, the digital catalog contains a
component for modeling the temporal coverage of caalog items. Finally, a dassfica-
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tion component allows the dasdficaion of the cdalog items acwrding to the type of
the resourcgthey record.

2.1 TheCatalog Items

Catalog items contain meta-information on data, documents, Internet resources, meth-
ods, etc. available dedronicdly on Intranets, on the Internet, or TCP/IP compliant
databases. In addition, eat catalog item has accessto information about the organi-
zation which supplies the corresponding resource (c.f., Section 3.5).

2.2 TheThesaurusComponent

We use the environmental thesaurus of the German Federal Environmental Agency
[Bat94] for modeling semantic relationships between caalog items. The structure and
multili ngual extensions of this thesaurus are standardized by 1SO 2788and 1SO 5964
respedively. Eadh catalog item has an n:m relationship to a thesaurus term. Thus, it is
posshle for ead item to be sssciated with several terms and vice versa so that the
same thesaurus term can be ssociated with different caaog items. The thesaurus
serves two purposes. Firstly, it forms a repository of terms that can be used as key-
words for indexing and retrieving caaog items. Sewndly, semantic relationships
between thesaurus terms are supparted to alow for intelligent seach and indexing
techniques. Currently, the digital caaog suppats associations with synonyms,
broader, narrower, and related terms. In addition, the thesaurus component is
equipped with a multili ngual extension which isused in GEIN to suppart the indexing
and retrieval of catalog items alternatively using German and Englishulacab

2.3 TheGazetteerComponent

A gazdtee is a structured geographicd index, in which ead element has a geograph-
ical name and a geometry (e.g., a paygon described by coordinates such as longitude
and latitude). Through asociating catalog items with gazdtee objeds, caaog items
can be seached for based on their geography. Particularly, in environmental settings,
it isimportant that the cdalog items have an n:m relationship to gazdtee objeds. For
example, an environmental diredive or law can have more than one geographica
relationship (e.g., if it is valid in several geographicd regions) and vice versa, in one
geographicd region severa different environmental laws can be valid. Currently,
various layers of gazdtea objeds including administration units (German courcil s,
digtricts, states, neighboring courtries), water bodes (lakes, rivers, canals) or topo-
graphical map sheds can be used for geographicd references. Like semantic relation-
ships in a thesaurus, explicit and implicit semantic relationships can exist between
gazdtea objeds. An explicit hierarchicd relationship is provided to model hierar-
chies of gazdtea objeds such as the alministration hierarchy inherent in the layer of
administration units. Topdogicd relationships between gazdtee objeds are repre-
sented implicitly in the gazdtee (thisisindicated by the datted line and the italic font
in the entity-relationship diagram for the gazdtee in figure 1). The gazdtee suppats
topdogicd relationships such as encloses, is enclosed by, is adjacent to, and overlaps.
By comparing the geometries of the respedive gazdtea objeds, these relationships
can be omputed on demand whenever they are needed. These implicit topdogica
relationships between gazdtea objeds can be exploited for geographicd indexing of
and seaching for caaog items (e.g., by using geometries or geographicd names).



Unlike a thesaurus, where eat new contribution must be evaluated on the basis of the
existing content and where explicit relationships must be establi shed with the eisting
contents of the thesaurus, this computational approach allows us to keep the dforts
required by suppliers to enter new catalog itémthe gazetteer as low as possible.

2.4 TheTemporal CoverageComponent

Temporal coverage dlows the use of temporal data @ a basis for recording and ana-
lyzing variations over time. Each item in the digital caaog has an n:m relationship to
atime period a, as a spedal case, to apoint in time. For example, since the publica-
tion date of an environmental law normally differs from the date & which it becomes
valid, several time periods are required to describe the temporal coverage. Viceversa,
two dfferent environmental laws (i.e., two dfferent caalog items) can have the same
point in time & which they become valid. Currently, however, the semantics of atem-
poral relationship is left undefined. Thus, temporal relationships only expressthe fad
that a catalog item is somehow related to a time period or a point in time.

2.5The Resources Classification Component

Since different types of information are stored in the digital catalog, a component for
the clasdfication of resourcesis provided. Thisis helpful for the restriction of aseach
to a spedfic type of resource only. Among others, we differentiate between reports
and methods. A common requirement is that data from existing environmental data-
bases (e.g., measurement series and census data) should be recorded in an environ-
mental digital caaog. However, it is impossble to index the huge anournt of data
elements gored in such databases. Instead, we prefer recording methods (e.g., a data-
base query) and making them searchable and retrievable in the digital catalog. Hence,
when users ®ach for data from spedfic environmental databases they can be pro-
vided with database queries which retrieve the desired data. Methods can also serve &
information sources by generating information from existing data. Examples are envi-
ronmental simulationer statistical analysis functions

3 Adding and Retrieving Catalog Items

In this dion we briefly want to sketch how new caalog items can be alded to the
digital caaog. The eanphasis, however, is placed on how users can seach for items
stored in the digital catalog. Various fach criteria can be spedfied by filling in a
seach form. The result of a seach isalist of information resources. By simply using
the mousg, it is posshle to adivate detailed descriptions for every resourcein the list.
It isalso possbleto accessthe original information, as long asit resides on a server in
the World Wide Web o a TCP/IP compliant database. An important search charac-
teristic of GEIN is that users can fredy dedde how many relationships and what type
of relationship they want to use for their search. For example, it is possble to seach
for catalog items using keywords from the thesaurus only.

3.1 Adding New Catalog Items

The entry of new descriptions of information resources to the cdalog can be done best
by the suppliers themselves. The digital catalog system offers services which are, as
far as possble, automated. The aurrent implementation of the GEIN system aready
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Fig. 2 Selecting Semantic Relationshijos a Search

asociates keywords with textual documents by comparing the texts in question with
the environmental thesaurus. The indexing of geographicd and tempora references
with the help of the gazdtea and the temporal component is planned to work analo-
goudly. Currently, this must be done by the information suppli ers through Web com-
pliant services but wibut any automated support

3.2 SearchUsing Semantic Relationships
A keyword seach in the digital catalog can be performed by spedfying terms from the
environmental thesaurus. The system can provide users with appropriate terms by
means of a wmponent which automaticdly generates a list of thesaurus terms that
contain a specifisubstring.

Figure 2 shows a list consisting of al thesaurus terms that contain the substring
‘emisgon’. Users can choose the terms they want to use in their searcch by simply
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Fig. 3: Selecting a Geographical Relationsfopa Search

seleding them with the mouse. Seleded descriptors are listed in the keyword field on
the left. Further, users can accessterms which are semanticdly related to a spedfic
descriptor. This list comprises al synonyms, broader, narrower, and related terms of
the descriptor chosen (this is not shown in figure 2).

3.3 SearchUsing Geographical Relationships

Geographicd relationships can restrict the seach to resources which are related to a
geographicd region. For example, this is helpful if users are interested in environ-
mental laws that are valid in a specific region only.

The digital catalog system offers two ways of defining a geographicd relationship
for a caalog item to be searched for. Similar to choosing keywords for semantic rela-
tionships, a browser for gazdtea objeds suppats users in choosing geographicd
names (this browser is not displayed in figure 3). To ead gazdtea objed shown by
its name, the browser can also provide users with topdogicadly-related gazdtea ob-
jeds. In particular, users can choose further objeds describing geographicd regions
which enclose, are enclosed by, are ajacent to, or overlap the geographicd region
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Fig. 4: Defining Temporal Relationships

represented by the original gazdtea objed. In addition, it is also pcssble to define a
geographicd relationship interadively. This is siown in figure 3, where auser has
defined aredanguar geometry to which the cdalog item to be searched for should be
related. Similar to geographicd names, gazdtea objeds that are geographicdly re-
lated to the interadively chosen geometry can be seleded and taken into consideration
for a search.

3.4 SearchUsing Temporal Relationships

Temporal relationships can be used to restrict the seach to resources which are re-
lated to a given paoint in time or time period. For example, this is desired if users are
only interested in environmental laws that are valid by a cetain point intime. Figure 4
displays the user interface for defining tempoe#tionships

3.5 CombinedSearch andFurther SelectionPossibilities
The previous sdions have only given some examples of how users can define and
perform a search query with one of the possble relationships. Basicdly, the same
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steps must be taken, if severa relationships are to be used for a combined seach
query. Apart from searching with resped to one relationship only (e.g., a simple key-
word seach), four combination possbiliti es for combined seach queries exist. We
want to give some examples to show that ead of the combinations makes snse and is
important for end-users.

Query with semantic and geographicd relationships: Find catalog items on ar
pollution which are related to the StateRdden-Wirttemberg.

Query with semantic and temporal relationships: Find catalog items on ar palu-
tion which are related to April®} 1997.

Query with geographicd and temporal relationships: Find catalog items which are
related to the State &aden-Wirttemberg and to the time period 1990 - 1997.

Query with semantic, geographica and temporal relationships: Find catalog items
on ar pollution in the State of Baden-Wiirttemberg which are related to June 1%,
1997.

Further to the paosgbiliti es mentioned above, users can also choose that they are
only interested in data from a cetain data supplier (c.f. Sedion 2.5). Such a feaure
allows end-users to restrict their search to data suppliers that provide the type of in-
formation in which end-users are interested. In addition, users can define the type of
data which a cdalog item describes. For example, this is useful, if users only want
information on reports available on the Internet but do not want information on re-
sources stored in databases.

4 Technical Aspects

GEIN is a digital caalog system which was developed using standard Internet tech-
nologies, such as forms written in the Hypertext Markup Language (HTML), PERL
scripts, and Java. We ae using an Orade database to store dl caaog items in the
digital caalog. The following figure depicts how the digital caalog system can be
integrated in an Internet compliant setting comprising library holdings and how users
can work with the caalog system in such a setting. The cdalog system runs on an
Internet compliant server with a wnnedion to the database which stores al caalog
items. It provides forms through a Web client to the user interface Users can query
the digital caalog, c.f. (1) in figure 5. The cdalog system returns as a result a list of
caalog items which match the query, c.f. (2) in figure 5. Asfar as possble, the cdalog
items provide hyperlinks to the adual resources. These resources can be data from a
database or documents, reports, etc. which may reside on any Internet compliant in-
formation system, such as a Web server. Users can follow the links to these resources,
c.f. (3) in figure 5, and accessthe holdings through a Web interface As a result the
actual esourceis returned to the user interface, c.f. (4) in figure 5.

To accessdata from relational databases, we designed a software tool caled Web-
Query. WebQuery is a generaly appli cable software which makes possble the instal-
lation of network services, referred to as sledors, which allow for the retrieval of
information from a database on spedfic topics. These seledors are presented to the
user as data entry forms through a Web browser. WebQuery transforms the mntent
entered on the form into a database query. The result of such a query is siown by the
Webbrowser as a dynamicalyenerated HTML document.
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5 Related Literature

The Alexandria Digital Library (ADL) [ADL97q] is a projed which is closely related
to aurs. The ADL deds with problems of distributed dgital libraries for geographi-
cdly-referenced information. There ae some similarities but two main differences
between ADL and GEIN. A similarity is that, as with GEIN’s gazdtee, in order to
query ADL, users can either type in a geographicad name in the gazdtea or interac-
tively selecta geographical region in a map browser.

Thefirst main differenceto GEIN isthat ADL isadigita library system which has
its own holdings while GEIN is a digital catalog system in which the resources re-
corded are not under its control. The second main differenceis that ADL provides the
concept of fedures (e.g., airport, swamp). Feaure terms srve the purpose of describ-
ing what type of place aparticular place name stands for. It is possble to use more
than one fedure type for any particular place A thesaurus of a geographicd feaure
type terminology is under current development. It supparts broader terms, narrower
terms, related terms, and synonymous terms for feaure types. The thesaurus is also
designed for seaching so that users can seach for “marshes” and find out that
“wetlands’ is the term to use and also that a broad seach can be caried out using
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“hydrographic feaures’. A first draft of this thesaurus is available & [ADL97H. We
do not have feaures and a thesaurus for feaure type terminology in GEIN, instead we
have alayer concept to model relationships between gazdtea objeds. It alows the
use of German councils, districts, states, neighboring countries, lakes, rivers, canals,
and important highways for geographicd references of catalog items. Both, implicit
topdogicd relationships, such as encloses, is enclosed by, is adjacent to and overlaps,
and expli cit topdogicd relationships, for example the administration hierarchy, can be
used to enhance seach and retrieval processes. For example, if users looked for caa
log items which are geographicdly related to a state, the system could also retrieve
items which are geographically related to districtswithin that state

Since there ae some parts where ADL and GEIN are dosely related to one an-
other, one might be interested in an assessment on how the two systems might be
combined with ead other. Aswe seeit, GEIN isadigital caaog system whichisvery
loosely conneded to and, thus, very independent of the holdingsit caaogs (c.f. figure
5). This means that documents of arbitrary holdings can be cdaloged with GEIN. By
contrast, the ADL is a digita library in which different components, such as catalog,
gazdteq, holdings etc. exist. Apparently, these components are closely conneded to
one another and particularly to the ADL holdings. Hence a scenario for a cmbination
of GEIN and ADL could be that GEIN serves as an external caalog system for the
holdings of ADL which does not need to have aclose connedion to the holdings and
can be run separately from the actual digital library.

The misdon of the U.S. Geologicd Survey (USGS) [USGS97] isto provide geo-
logical, topagraphical, and hydrological information by means of maps, databases, and
descriptions and analyses of the water, energy, and mineral resources, land surface
dynamic processes of the eath etc. The National Geospatial Data Cleainghouse
(NGDC) [NGDC97] is a node within the USGS that provides information about
geospatial data. The seach feaures of NGDC are consistent with those of GEIN but
we have not found a way of restricting the search to a spedfic type of document or to
a specific supplier.

Like GEIN, the Florida Growth Management Data Network Coordinating Council
(GMDNCC) [Kalu9q], is direded toward state governmental agencies where fully
distributed metadata @lledion and access €rvices within a network environment are
necessry. In GMDNCC, geographicd data is viewed using a geographic information
system (GIS). Currently, we only have a onnedion to external tods, if a Multimedia
Internet Mail Extension (MIME) type is attached to the data. We ae preparing the
development of a component for GEIN which all ows users to view retrieved data by
other tools than a Web browser.

One result of the OCLC Metadata Workshop Series [OCLC97] has been the Dub-
lin Core Metadata Element Set, propased as the minimum number of metadata de-
ments required to fadlit ate the discovery of document-like objeds in a networked
environment such asthe Internet. A second result has been the Warwick Framework, a
container architedure for aggregating logicdly, and perhaps physicdly, distinct pad-
ages of metadata. Since our caalog items record environmental data only, we pre-
ferred using metadata standards for this type of information resources. Therefore, in
the meta-database which urderlies GEIN we foll owed the achitedure and idess of the
German Environmental Data Catalogue (UDK) [GULe96].

-11-



6 Discussion and Outlook

The aurrent implementation of GEIN does not yet provide afodproof todl for adding
new geographicd and temporal items to the digital catalog athough Web compliant
services concerning the entry and maintenance of meta-information exist. These serv-
ices, however, are not yet suitable for inexperienced users. Hence, we will placemore
emphasis on this issue in the near future.

Like many others, we ae dso affeded by the problem that resources in our digital
caalog system are not under the control of that system. This means that the digital
caalog can contain references to resources that have dready been moved to another
site or have been deleted o renamed. Unlike other digital li brary systems with links to
externa resources (e.g., Dogital S1 [ToAI97]), GEIN does not contain a mmponent
which chedks resources for avail ability. Users consider thisto be amajor shortcoming
of the current version.

We ae planning to focus more on digital multi-caaog systems in the nea future.
Multi-caalog systems are an important issue in areceit projed that aims at an Envi-
ronmental Locaor and Communication Service (German acdonym: VK S-Umwelt) for
the Intranet of the German Federal Environmental Agency [SeM097]. The ideais to
integrate a number of spedalized dgital caaogs rather than build one singe
‘universal catalog’ in which as many resources as possble are recorded. The ollec-
tion of caaogs sould be mnneded to ead other so that queries can be processd
simultaneoudly in al the different caaogs. Our reseach in that area has arealy
shown that a mediator is to be put in between the user interface #so referred to as
front-end and the digital catalog systems forming the badk-end of the projeded sys-
tem. The mediator trandates uniform search queries from the front-end into the query
langueges of ead of the conneded digital cataog systems at the badk-end. Similar to
this, the mediator unifies search results contributed by the cdalog systems at the badk-
end before they are forwarded to the user front-end. We dso believe, that HTTP ladks
too many feaures to be used as transfer protocol for this approach. For example, in
order to adapt uniform queries from the front-end to queries that will be understood ty
the digital catalog systems, the mediator nealds to know what attributes it can seach
for in ead of these systems. The most promising solution seans to be the use of
Z39.50 a one of its profiles, in particular GILS [GILS97] or GELOS [GELOS97].
The mediator would serve & a Z39.50 client while eat of the digital catalogs would
serve & a Z39.50 server. Both communicae with ead other to define what attributes
the mediator can seach for in ead of the digital caalogs. Z39.50 a a Z39.50 pofile
would avoid that different names will be used for the same attribute in different cata-
logs (e.g., ‘time period and ‘temporal coverage as attribute names for the temporal
coverage of the information resource). Besides multi-caalog systems, spatio-temporal
extensions of the Z39.50 protocol such as provided hy ISite [NeFu95], GILS, and
GELOSwill be taken into considetion for our future work.

The ataloging of dynamic documents is another important and still unexplored re-
seach field. Unlike [LeMa95] who define dynamic documents with resped to the
validity of their content, we refer to documents as dynamic documents if they are
generated on demand at the time users try to accessthem. As the most prominent ex-
ample, dynamic documents are generated when users sibmit a query to a database and
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the document to be returned is constructed dynamicdly using the data of the query
result. Since owing to their very nature, dynamic documents cannot be cdaloged, we
suggest the caaloging of the programs which generate them. A first approach towards
that direction is described in [RiMa97].

In the mntext of multi-catalog systems, off-line retrieval might also become im-
portant for future digital library systems. By off-line retrieval we mean the posshility
of submitting seach queries as a batch job to one or several caalogs. This would be
helpful for huge cdalogs or caalogs that are distributed among several servers at
different places in the world. In such caaogs saching can be very time-consuming
and, thus, users may prefer an off-line search. The result can be delivered either to a
user’'s web server or it can be sent by e-mail.

As pointed out at the beginning of the paper, the gproadch chosen suggests an-
swers to questions asked in ‘Cataloging in the Digital Order’ [Lev95].

What sorts of materialswill be cataloged? All types of materials will be caaloged.
This includes physicd documents (e.g., printed bods, audio CDs), eledronic docu-
ments, metadata on other caalogs, Internet resources etc. In contrast to ealier caaog
systems, digital catalog systems can also caaog documents that actually do not exist
but can be created at the time the user accesses them (i.e., dynamierdeg

How will digital catalogs differ from those we have today? Traditional libraries
have dphabetical and systematic caalogues with restricted search feaures even in the
OPACs. One of the most important benefits of digital catalog systemsis that the qual-
ity of search results can be enhanced by exploiting geographicd, semantic, and tempo-
ral relationships

To what extent will these catalogs be based onexsting standads, such as MARC
and AACR? This will mainly depend on how many already existing catalog entries
must be integrated in the digital catalog system. For example, in our system we were
required to caalog data for which no caalogs existed at the time we started the proj-
ed. Hence we muld define our catalog format without any restrictions. However, we
strongly recommend the use of a standardized format since otherwise sharing of cata-
log entries among ingtitutions will cause tremendous problems. In the multi-cataog
approach, the cdalogs dould be & least compliant with Z39.50 and its spatio-
temporal extensions, such|&ite and GILS.

Will there or could there be a uriversal catalog d digital materials? In our view,
it will be adead end if we try to build a universal catalog of digital materials. We
rather suggest the further investigation of the idea of multi-catalog systems as men-
tioned above.

At present we do not have satisfadory answers to the questions What skill s will be
needed to create these new catalogs? How will such skill s be acquired? We hope,
however, that the other suggestions will provide further input to the discusgon on
digital catalog systems.

Aswe seeit, our reseach contributes to an important topic in the aeaof digita li-
braries, namely digital caalog systems. With our system we can provide the research
community with answers to important questions asked in 1995 ty D.M. Levy. Also,
the pasitive feedbadk from the users and suppliers as well as the prosped of extending
the system for Expo 2000indicates that our approad is a promising step towards the
successful management of heterogeneous and distributed information resources.
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