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ABSTRACT

Today there is an increasing if not confusing number of
services available for seaching and aaquiring literature.
This makes it more ard more difficult for a user to take
advantage of these new services. Our goal is to offer user
suppat by providing a meta engine which covers the
different services and urifies their access Additionally, we
want to gain a number of synergy effeds, enhancing
traditional bibliographic information with a cmbination of
complementary content and aaquisition information. We
aso provide the means for a dired comparison o
aqquigition alternatives.

In this paper we present the design and implementation of
our METALICA system. By employing a domain model
and a global query language, heterogeneous srvices can be
handed in a uniform way. Tednicd and syntadicd
homogenizaion is done by wrappers which consist of a
conredion control component and a syntax anaysis
comporent. Semantic homogenization is acomplished by
mediators which contain a query translator and an attribute
model trandlator. An integrator recognizes and urifies
dugicates and off ers additional operations for groupng and
sorting, thereby supporting the user in the exploration of
large result colledions. The user interface @n offer
different views of the system’s functionality by utilizing a
Model-View-Cortroll er architedure.

KEYWORDS: digita library, user support, meta approach,
distributed heterogeneous services, duplicae detection,
domain model, flexible user interfaces

1 INTRODUCTION

The World-Wide Web dffers an increasing number of
services for seach and aqquisition o literature. The
spedrum ranges from conventional library OPACs (online
pubic acces caalogs), aaoss bibliographic databases,
technicd report servers, eledronicdly avail able periodicds,
full text archives, eledronic document delivery services, to
pubisher's caalogs and orine bookstores.

Even though this development fundamentally improves the
availability of literature, it also places more excessve
demands on the user. Espeddly in environments with a
gread neeal for information, like universities, a user is
suppased to ask himself a number of questions: Where can
| seach at al ? Where shodd | seach? Should | consult my
locd library’s caalog first? Then | could ched-out an
interesting bak, at least soorer or later. Should | seach an
online bookstore, which might hold additional information
for a document? Then | could determine its relevance
better, preventing me from aaquiring a uselessbook Do |
choose atext which isimmediately avail able online?In that
case, the mlledion to choase from would be smaller and
lessrepresentative, but passbly more up-to-date.

All these degrees of freedom crede an open market of
services for searching and acquiring literature. Competition
forces providers to continuously improve their services. For
a user to adually profit from this prospering and versatile
market, threeconditions must be fulfill ed:

e A user must know diff erent avail able services. Thereis
some suppat by marketplace providers which colled
references to existing services in a ceitral starting
point. Link colledions in the WWW serve the same
purpose.

e A user must evaluate different services. In the cae of
seach services he could initiate searches with dff erent
providers. Meta search engines support this approach
in the WWW.

* A user must compare different services diredly with
ead aher in order to be ale to make adedsion. In the
areaof literature thistask is yet unsupported.

In this paper we gply the ideaof meta seach engines to
the aea of services for the seach and aqquisition of
literature. There are, however, significant differences
between a meta seach engine for the WWW and the
literature domain, which makes a number of enhancements
necessary, but also provides an opportunity for a number of
new fedures. An example is support for the third condition,
enabling the user to make dired comparisons between
results of different services.



Sedion 2 explains how meta seach engines operate in the
WWW, as wel as the necessary adjustments and
enhancements for the area of literature. Sedion 3 outlines
the general architedure and operation d our system. In
sedion 4, we introduce our domain model and gobal query
language. Sedions 5 and 6 ded with the implementation of
wrappers and mediators, which are required for
homogenizing the underlying services. Sedion 7 is
concerned with the integrator, which computes the final
result colledion, thereby eliminating dupicaes and
applying various gructural operations. We suppat multiple
user interfaces, two of which are presented in sedion 8 A
list of related work appeas in sedion 9 Sedion 10
concludes our paper with a summary and plans for future
work.

2 ENHANCING THE META APPROACH

Numerous search engines exist in the WWW. However,
each o them covers only a small, mostly digunctive part of
the web [1]. Combined, they could provide much better
results. Meta search engines like MetaCrawler [2] or
Highway61 [3] pursue this idea. They do not kegy data by
themselves, al underlying services remain autonamous.
They do offer a uniform interface to the user, alowing
automatic and parald acaess to the different individua
services. This enables the user to concentrate on what to
seach for, instead of forcing him to remember where or how
[4]. Further improvement can be adieved by eiminating
duplicates based on title or URL equdity, by grouping
domains, and removinginvalid links.

Compared to WWW search engines, services for the search
and acquisition of literature show the following
charaderigtics:

e The set of documents available from different service
providers overlap, e.g. the holdings of publishing
houses, bookstores, and libraries.

e Services are heterogeneous, they vary in query
expressveness and the anount and style of available
document information. Examples are simple keyword
seach, fielded search and results containing a table of
contents, proposed reader target groups, or availabili ty
for loan.

These two points $ow both potential for synergy and
challenges to be mastered when employing a meta gproach.

We illustrate synergies arising from the meta approach with
an example. For aspedfic book the meta engine can tap into
different services, obtaining in turn table of contents, cover
art, different reviews, local loan possbilities, purchase
prices, delivery times, or versions available online. All these
information actively support the user in evaluating the
relevance of a book and show him the availability through
different channels.

When we transfer the meta gproach to our doman a
number of challenges arise, most of which are due to the
heterogeneity of the underlying services:

e Queries. Different services vary in their query
possibili ties, both in the set of searchable atributes and
expressve power of the query language. Here, it is not
aceptable to be limited to the smallest common
denominator.

e Common schema: Conventional meta search engines
neither require nor offer a @mmon schema for
representing their results. In order to semanticdly
process results of different providers and present them
to the user in a homogenized form we need to establish
acommon schema.

e Complex Service Structures. To receive mplete
information for a document from a service, it is
esential to follow additional links. Usudly, the top
level result provides a list of abridged document
references. A second level then presents al available
information for a single document. For instance, to
obtain loan information from libraries it is necessary to
follow at least one aditional link.

e Sructural Analyss. Returned information for a
document (e.g. bibliographic dtation) cannot be simply
passed through to the user. An internal structural and
semantic analysis, according to the common schema, is
needed for further post-processng.

* Detection of Duplicates: WWW meta search engines
can eliminate duplicates on the base of URLs. For
documents, not only is definition d equivalence more
difficult, but deteding and wnifying them also requires
more dforts, depending onthe chosen definition.

* Resault Visualization:. Large result collections, as they
are epected from meta search engines, must be
appropriately visualized to be manageable by a user.
This becomes even more important in ouw domain,
where ech result contains a wealth of information,
composed of alarge number of attributes.

e Interactive Result Processing: Further user-level
suppat can be added by post-processng the result
collection [7]. Interactive operations like grouping and
sorting help in better understanding of the result’s
structure.

We have some more and rather general requirements for the
design and implementation of our system:

« Extenshility & Flexibility: The aea of literature and
document information systems is a very active field
where rapid changes and advancements are to be
expected. Therefore, our system must be etensible to
be @le to quickly integrate emerging services. It aso
has to be flexible in order to cope with frequently
changing HTML interfaces.

* Fast Response Times: As with every interactive system,
fast response times are imperative. Since we canot
influence response times of the underlying services, we
should at least minimize delays caused by ou system.



Additionally, we want to keep the user informed about
progress by continuoudly updating the result collection
as new information comes in. Thereby, our system can
start displaying results on par with the fastest server,
instead of being forced to wait for the slowest one.

e Appropriate User Interface: Since it is difficult to
assssa user interface’s suitability in advance, we am
for aflexible and easily configurable user interface. Our
approach is based on the Model-View-Controller
paradigm [6,15], where a system’s functionality is
decoupled from its screen presentation and readion to
user input.

3 GENERAL SYSTEM ARCHITECTURE

Before we discuss each component in detall, we give an
overview of the achitecture of the METALICA system. Our
design incorporates design ideas from meta search engines
[4] and the layered I>-Reference Architecture [8], see figure
1
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Figure 1: METALICA Architecture
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In our approach, we ae only concerned with bibliographic
services offering an HTML interface. These services keep
their autonomy and do not need to be modified in order to
paticipate in our sysem. METALICA accesses the
interface of each service, much like a user would do
manually.

A user can interact with METALICA by choosing one from
several available interfaces. Queries are transformed into a
globa query language and passed to the integrator, which in
turn distributes it to the gpropriate mediators. Eac
mediator is associated with a data source and trandates
gueriesinto its spedfic language. The transformed request is
sent to a wrapper which establishes a mnnection with the
data source, executes the query, and receives the results.
Based on the local schema of the data source, the wrapper
performs a syntacticd analysis of the results before they are
returned to the mediator. The next step is atrandation of the

results, which are still in the local format of their data
source, into the domain model, which is done by the
mediator. The integrator continucusly receives the results
from each mediator, identifies document entities, and joins
data records for identical entities. The resulting coll ection is
presented to the user in the style of the interface he selected.

4 DOMAIN MODEL & GLOBAL QUERY LANGUAGE
For achieving an integration of heterogeneous services, our
approach relies on the definition of a domain model in
contrast to common strategies for schema wllation, e.g., [9].
A domain mode covers relevant aspects within the field of
application independent of structures and attributes of acual
services. Therefore, a domain model is robust and remains
stable even if actua services undergo changes in attributes
or structures. A domain model is manualy creded by
experts. Additionally, transformation rules for mapping
attributes of services to the domain model must be defined.
Even thoughthis approach is quite expensive, it nevertheless
is the only way to both dbtain exactly relevant information
for a document and to present to the user acquistion
information that is direaly comparable.

Essntially, document information fals into three
caegories. bibliographic information, content information,
and acquisition information. In the process of creating the
domain model we developed a formal representation for
eaxh o these ategories. As a prerequisite, we include
information that is currently available from different
services and makes sense to a user, as well as information
that is needed internaly for our system, e.g. for detecting
duplicates or visualization.

4.1  Bibliographic Information

Within the aea of bibliographic citations a general
understanding has been reached on what kind of information
is essentid for describing a document to a user. For this
purpose USMARC [10], defining several hundred attributes,
is too fragmented, whereas Dublin Core [11] is too
unspedfic. Our model employs about the same level of
detail as bibliographic entries in the German RAK-WB1
(rules for aphabeticd cataloging for scientific libraries,
[12]), which esentialy correspords to the AACR (Anglo-
American Cataloguing Rules[13]).

Our domain model contains the usual bibliographic features,
such as title, author[]2,  publisher,
publ i shing date, edition, |ISBN, | SSN, key

word[]3, subj ect headi ng[] 4, and
classification[classification schene®,
classification code]. Other attributes are
nunber _of _pages, | anguage, and

type_of _publication, smilar to BibTeX entries.
These attributes are needed to alow for enhanced queries,
like "German text bodks', performing operations on a result

1 Regeln fiir die Alphabetische Katal ogisierung fiir Wissen-
schaftli che Bibliotheken

211 symbolizes st-valued attributes

3 uncontrolled vocabulary

4 controlled vocabulary

5eg. {(ACM,B.C.3), (DDC,005.019)}



collection, like grouping by type of publication or language,
or different visuali zations, like a3D view rendering number
of pages or type of publicaion.

4.2 Content Information

Recently, publishing houses and online bodkstores have
been adding more and more varied information to their
documents. These pieces of information are very helpful for
a user in evaluating a document’s relevance or usefulness.
Consequently, our domain model contains attributes for:
text _description[]® table of contents[]7,
cover _art8 full text[], target_group[].

4.3 Acquisition Information

The handling of acquisition information is a very young
field and no common standard has yet been established.
Therefore, we designed this part of our domain model from
scratch, cooperating with experts from the library at the
University of Karlsruhe.

A user currently has a number of different acquisition
aternatives. Examples are locd libraries, online orders from
publishers or bookstores, as well as full text archives and
electronic document delivery services. In our domain model
we provide the following representation:

of document references
of red documents

provider[ ] 9
supplier[ ]
nane
openi ng_hours

reference_id eg.shef mark for libraries

hol di ngs[ ] only for periodicals
from
to
num
delivery[ ]
f or mat online, email, loan, read, ...
tinme obtainability in haurs/days
cost
| ocation URL, reading room, check-out desk

A certain document can be aailable from different
suppliers, possibly in dfferent formats. If the book is
supplied by alibrary it could be either immediately available
for loan from one branch or after a two-week waiting period
from another. It could also be available from a local
bookstore for a fixed price or as an eledronic version, to be
downloaded from the given URL. Additionally, it might be
ordered from an online bodkstore where it would be
delivered by mail within a certain timeframe for a @rtain
Ccost.

4.4 Global Query Language

The integrator component of our system expeds all queries
to be expressed in terms of the global query language. The
adua query formulation at the user-level interface is

6 abstraa, blurb, excerpt, review, ...

7 often avail able in several formats

8 URL

9 provider of a seach service which references the
spedfied document

thereby independent from its internal representation. This
alows for experiments with different query interfaces
without having to change the global query language or
internal system components. Figure 6 shows one of the
currently available query interfaces.

METALICA is not restricted to queries based on
bibliographic or content search criteria. Rather, all attributes
of the domain model can be incorporated into a query.
Additionally, atypical query contains the list of providersto
be searched, required output fields, grouping and sorting of
the result collection, and limitations concerning response
times or result sizes. Finaly, the preferred display format
can be chosen, see figures 7 and 8 for a plain text and Hi-
Citesview.

The aorresponding internal representation is similar to SQL:

SELECT list of output fields
FROM list of sources
VWHERE search conditions

GROUP BY grouping/sorting criteria
OPTI ON performance restrictions
VIEWAS view name

A search job formulated in such a way is subsequently
passed from the integrator to the mediators, which in turn
interad with the wrappersin a single or a number of queries
in order to obtain the requested result.

5 WRAPPERS

The wrapper layer achieves a technica homogenizaion o
the services. Each wrapper is responsible for transmitting a
given query to its data source, receiving the resulting
document, and extrading data fields needed by its mediator.
Therefore, a wrapper contains two principal components. a
connection control and a syntax analysis component.

The @nnection control component builds an HTTP request
for a given query, depending on the data source's access
method (GET/POST). It then establishes a cnnection,
receives the resulting document, and is also responsible for
handling access errors. The result can optionadly be
transcribed and trandated to obtain a pure UniCode string
representation, which is internally used by Java The
transcription thereby converts different character sets (e.g.
ISO Latin 1) and the trandation replaces strings with ather
strings (eg. “&szlig” with “[3"). Consequently, each
connection control component can be parameterized with a
transcription and trandation table.

The syntax anayss component parses the resulting
document, obtaining a representation in a simple object
moded (OEM, [14]). The OEM supports both flat structures
for representing attribute-value pairs and hierarchies for
representing syntax trees. We employ the strategy design
pattern [15] which allows for a flexible exchange of syntax
analysis methods.

Conventional HTML wrappers are not concerned with
syntax analysis since they only deal with data sources which
aready tag each semantic unit within their results. But we



do not wish to restrict the choice of data sources, therefore it
is not sufficient to rely on smple HTML/XML parsers. We
have developed a new method for syntax analysis which we
cdl hierarchical regular expresson parsing. The
implementation is based on a specia class library [16],
which suppatsthe spedficdion of regular expressons.

At this point, we omit a formal definition of hierarchica
regular expression parsing. Instead, we show the parser
grammar as it is used within the wrapper for the NCSTRL
service [17]. Figure 2 shows atop level result list and figure
3 the aorresponding part of the specification file.

Within ou implementation, al information needed for
parsing the result format of a source ae stored in separate
specification files. This olution gives us the needed
extensibility and flexibility. Modificaions of the result
format can be dynamicdly handled through adjustment of
the hierarchical regular expresgon, without requiring a re-
compil ation of the wrapper. A new data source can easily be
integrated into our system by creating an appropriate
specification file.

6 MEDIATORS

Mediators trandate queries expressed in the global query
language into ore or a series of wrapper requests. The
returned results, which have aready been syntactically
analyzed by the wrapper, are transformed into attributes of
the domain model. Mediators are equipped with knowledge
about the globa query language and the domain model, as
well as the query syntax and result structure of its assgned
wrapper. According to these tasks, a mediator contains two

{tf-— NCSTRL Home Page - Netscape !Em
Datei Bearbeiten Ansicht Gehe Communicator  Hilfe
7| wu§ Lesezeichen A Adresse |hﬂp.NW\MN ncstrl org/ v| m
TR
&l o it
MNetworked Computer Science Technical Hews
Al Read sbout CoRR
= Reference Library GoLib in NS TRL
‘Eaamh Collection |Elmmse Collection | Subseribe | 5“;:";;“ !Halnfansers About NCETRL | Howto Jain |
-
Search Results

Search fields:

Jaua

Search Results (152 results sorted by rank):

Title Jaun Serindrbeitrige.
Author(s) Iichael PHILIPPEEN and [Hrsg]
Document ID ncstrl ubka csfiratr-15996-24

Institution University of Karlsruhe, Germany, Computer Science
Title A Javn Filter

Author(s) Dirk Balfanz and Edward W. Felten

Document ID nestrl princeton/TR-BET-87

Institution Princeton University

Title The Semantics of the Jave Programming Longuage.!

Preliminary Version
Charles Wallace

nestrlumich eecs/CEE-TR-366-97 LI
E| |Dokument Ubermittsit A

Author(s)
Document ID

Figure 2: NCSTRL Result List

components: a query trandator for the direction from
mediator to wrapper and an attribute model trandator for the
reverse direction.

The query trandator receives a reguest in the globa query
language and trandates it into aquery execution tree. Such a
tree wnsigts of nodes, representing either set operations,
filter operations, or expansion operations, and of leaves,
denoting queries which are passed to the wrapper, see figure
4. Set operations are needed to address sources which allow
only limited or no Boolean queries a all, like some
publisher caalogs. Filter nodes deal with query conditions
that are not supported in the query language of a given
source, eg. | anguage=ger nan. Expanson nodes are
important for triggering follow-up queries which colled
information (e.g. loan information) that can only be obtained
by following additiona links. Each tree node contains an
operation which is performed onthe results of its children,
which in turn congtitutes the result of the node. Findly, a
tree is processed if all nodes have been successfully
executed, starting with the leaves and continuing bottom-up
to the root.

So far, we implemented a query trandator which is
configurable with a mapping table for attribute names and
includes set operators for union, intersection, and

difference.
Resul t <H3>Search Results
\ (@it Count:\d+@ * ?</ H3>
@oclLi st @&P>
DoclLi st SPLI T[ POSTFI X] "<p>" @ocunment @
Docunent <tr>
title
<A HREF=\"@itl eURL@ " >
<i>\s*@itel @s*</i>
<tr>
Aut hor\ (s\)
<td [*>]*>\s*@uthors@s*</td>
<tr>
Docunent | D
<td [*>]*>\s*@D@s*</td>
<tr>
Institution
<td [*>]*>\s*@nstituti on@/td>
Aut hor s SPLIT[INFIX] "(?: and )| (?:,)"
@\Expr @
AEXpr <A HREF=\" @\wut hor URL@ " >
@\ut hor @/ A>
Aut hor @i rstNanes: . *@ @Qast Name@
Fi r st Nanmes SPLI T[ POSTFI X] @i r st Nane@

Figure 3: NCSTRL Parsing Specification



Figure 4: Query Execution Tree

The mediator's second component, the attribute model
trandator, changes the structure of OEM objects returned by
the wrapper. The receaved object contains vaues ill
formatted in the structure of their source. The mediator now
rebuilds the objed according to the structure of the domain
model. In this transformation process, information can be
discarded, completed, or converted, e.g. converson d
currencies or language codes.

"NCSTRL" -> $Cat al ogue
Resul t Resul t

{

_ . Service
{
}

DocLi st
{

Hi t Count -> Count
Docunent s

Docunent Docunent

{
Aut hors :

{

Aut hor s

AEXpr
{
Aut hor -> Aut hor

}

}Ti tleURL ->
[ encapsul at e( $Cat al ogue,
"SinglebDoc")] TitleQuery
Titel -> MainTitle
ID->1D

Figure 5: Mediator Specification

Similar to our syntax analysis approach we developed a
comprehensible specification language for mapping between
different attribute models. The language offers a high-level
abstraction for navigating an OEM-source-tree and
composing the @rresponding OEM-target-tree. Examples of
operations that can be epresed in our language ae
renaming of attributes, transformation of attribute values,
and the use of conditions and variables. Additionally, it is
possible to traverse existing trees structures and creae new
ones. Again, we omit the formal language definition in favor
of an example for an attribute model trandator specification.
In this example, which is shown in figure 5, the dtribute
model trandator is responsible for trandating NCSTRL"s
results into the domain model. To remain flexible here &
well, al required definitions are  kept in separate
specification files.

7 THE INTEGRATOR

Whereas wrappers and mediators homogenize the result
collection of each data source the integrator joins these
results together to the final result collection. Duplicates are
eliminated, depending on a @nfigurable ejuivaence
relation. The remaining documents are then grouped and
sorted into a nested list structure. Finaly, the model
component manages the result collection, thereby offering
operations for the list structure and single documents.

The duplicate detection component identifies equivalent
documents recaved from different services and collates
them into a single eguivalence class, which is then used for
generating a representative  document.  For  an
implementation, two additional points have to be
considered:

« Different definitions of document equivalence ae
possible and must be supported. Often, it makes sense
to consider different editions of a bodk as equivalent.
But in other situations exactly the distinction is crucial
for auser, for example when heis only interested in the
second edition.

* Tobe dleto dfer afast and responsive user interface,
we neal to incrementally grow the fina result
collection. Therefore, the integrator must be ale to
continuously augment its result colledion while new
documents and their affiliated information come in.

We implemented a generic strategy for duplicate detection
based on equivalence relations. The ejuivalence relation
currently in use is the n-gram method described in [18].
After normalizing the ti tl e and aut hor[] vaues, we
employ tri-grams with a threshold vaue which linearly
depends on the total number of occurring tri-grams in both
charader strings. Because the result colledion gows
incrementally, equivalence dasses cannot be computed in a
two or multi-level process, as it is usualy done. Instead,
each document is compared with al existing equivalence
classs as it arrives. Thereby, it is either inserted into a
suitable eisting a a newly created class If additional
information arrive for a document its classification hasto be
re-checked.



Figure 6: Query Interface

The grouping component isin design and function similar to
the duplicate detedion component. It additionally supports
multi-level grouping of documents. It also manages the
nested document list where exch level has an asdgned
grouping criterion (e.g. year). Documents are grouped in
sublists which are identified by a descriptor (eg.
year =1998). New documents are added to a group on the
base of these descriptors.

Two generic grouping strategies have been implemented.
Strategy 1 arranges documents with the same dtribute value
into the same group, thereby generating a digunctive
clasdfication. Strategy 2 is suitable for set-valued attributes
and groups documents where the intersedion of their
attribute valuesis not empty (e.g., one author in common).

The sorting component is called hy the grouping component
when a new document has been added, effectively sorting
the specified group. If a new group has been creded the list
is sorted on that group’s level. Further work needs to be
done on a multi-language support within the sorting
component. So far, a language dependent sorting strategy
(ascending, descending) for single-valued attributes has
been implemented.

The model component maintains the final result colledion
for a query. It dso dofers a number of operations on the
result collection, available for the other integrator
components and the view comporents of the user interface.
Namely, there ae operationsfor:

e adding new and modifying existing documents,

» readinginformation for adocument,

» reading and modifying the nested li st structure,

« configuration of the duplicate detedion, grouping, and
sorting strategies,

» isaing follow-up queries, and

* notifying dbserversfor view synchronization.

8 THE USER INTERFACE

The user interface interacts with the user, allows him to
specify queries, and dsplays their results. The query
interface design takes the recommendations of [19] into
aacount, see figure 6. Data sources can be seleded from a
list holding all available services. Another list allows the
user to choose attributes for display in the result documents.
Currently, queries can be formulated in two ways. simple
(fielded) and advanced queries. For the fielded search, the
user selects search attributes, which can be @mbined with
Boolean operators, and enters the search terms. The
advanced search is available for experts who want to
formulate unrestricted Boolean queries. A number of
additional options control the result size, responsetime, and
other parameters.

A search is explicitly started; we do rot offer a designated
result preview. However, since we do grow and display the
result collection incrementally, afast provider can serveasa
preview function.

Results can be displayed in a standard HTML text view or in
another view, which maps the result documentsto atree



Figure 7: HTML-Text-View

structure. Nodes and leaves correspond to document groups
and single documents, respedively. This interface has been
implemented as an applet with the Swing package, taking
advantage of Java's internationalization feaure.

All tree leaves offer the Hi-Cite functionality [20]. These
highlightable dtations combine the alvantages of a cmmpact
textual representation with the dear structure of a table
representation. The Hi-Cite functionality is activated if the
mouse airsor remains on top of an entry. As a result, the
same atribute is highlighted in all the other documents. One
benefit is the straight and easy comparison of document
attributes, like cost or availability.

Figure 8 shows the tree view for a result coll ection, grouped
in descending order by yea and then in ascending order by
the first author. Here, the Hi-Cite function has been
adivated for the ISBN attribute, highlighting the 1SBN
numbers of all documents in red. Additionaly, a tooltip
window reveds the name of the enphasized attribute.

A user can now rearrange the result collection by seleding
different grouping and sorting criteria or applying different
equivalence relations. In this case, the user interface cals
the @rresponding operation within the interface of the
integrator’s model component. These operators then adjust
the nested list structure maintained by the integrator.
Findly, the model component natifies the dfected
observers, causing the views to be re-drawed.

9 RELATED WORK

The Karlsruher Virtueller Katalog (KV K, [21,22]) is avery
successful meta engine for literature search. However, it can
only offer a uniform presentation of author, title, and year
information. Also, it neither offers duplicae detection nor
post-processing operations. Results are only displayed in a
standard  text-based HTML interface. In order to obtain
further bibliographic, content, or acquisition information a

Figure 8: Tree-View with activated Hi-Cites

user has to manually follow many additional links, leading
to dfferent providers. There is no support ether for
acquiring documents or direct document comparison.

Medoc [23] is a meta search engine for different full-text
providers within the aea of computer science. It requires
some aordination with the service providers. The document
supply is rather small, but all of these documents can be
obtained immediately, either free of charge or after buying
rights for online reading or printing. Since the set of
documents available from al providers is digunctive, it
neither requires integration nao spedal support for the
comparison of acquisition alternatives.

DedPilot [25] is a shopping agent for online bodkstores.
Given a document, DealPilot starts to collect acquisition
dternatives from at present 25 providers. The results are
presented in a table with a row for each online bookstore
and columns holding information about the prices of abodk,
possible discounts, delivery costs, and deivery times.
DedPilot gives a user exceptional market control within the
restricted area of online book shopgng by providing him
with a wmmprehensive survey of the market. Unfortunately,
DedPilot does not support libraries, full text archives, and
numerous other service providers, all of which are important
for obtaining scientific literature and which should pay a
competitive role in the overall market.

The Stanford InfoBus [24] provides a set of models and
protocols for accessing various kinds of information sources
and services. Using this very generic architecure based on
CORBA distributed object technology would cause much
overhead. In contrast, our METALICA system is bath lean
and functiona for pradical use, especidly tuned to the
genre of literature services.



10 SUMMARY AND FUTURE WORK

Our METALICA system aims to asdst a user in benefiting
from the prospering orine market of literature seach and
aaqquisition. By combining dff erent services, we strike for a
number of synergy effeds, making way for advanced user
guidance like a comprehensive, semanticdly homogenized
comparison d acuisition information, obtained from a
multitude of various srvice providers. METALICA applies
the idea of meta seach engines to the aea of literature
caaogs. We devised a number of enhancements that were
needed to overcome heterogeneity and to enrich user-level
suppat.

Heterogeneous services are integrated on the base of a
domain model, which we designed to incorporate dl facets
of a document, including traditional bibliographic
information, diverse @ntent information, and information
needed to acquire a physicd or digital verson d a
document from a commercial or public entity. Our globa
query language decouples the user interface from the
system’s core functionality, permitting us to modify them
independently; an important aspect for further experiments,
e.g., inthe aeaof novel query interfaces.

Wrappers and mediators deal with the syntadical and
semantic homogenization of the underlying services. For
syntax analysis we developed a new, particular method, the
so-cdled hierarchical regular expresson parsing. Mediators
work two-fold: They recdve queries formulated in the
global query language ad creae aquery execution tree,
thereby automaticdly generating additiona query nodes that
alow for the whole spectrum of query operations even on
data sources with limited capabilities. From the bottom up,
they trandate the different locd attribute models into the
domain model. We developed several formal languages
which are used for the specification of wrapper and mediator
corfiguration files. Modifications, for example anges in
the domain model or adjustments needed for reworked deta
sources, can be dynamically handled by editing the dfected
configuration files, without requiring a re-compilation of
any system component. A new data source an ealy be
integrated by creating the gpropriate specification files. All
this gives us the extensbility and flexibility which is so
much needed for a WWW-based meta system.

The integrator isthe entral system component, bridging the
gap between user interface and internal components. It can
quickly supply the user interface with results, dynamically
growing the fina result colledion as it receives data from
the mediators, thereby exeauting agorithms spedally
designed to work incrementally, e.g. the duplicate detection
strategy. The integrator supports the user in the exploration
of large result collections by providing numerous post-
processng operations, like grouping a sorting. Since our
architecture incorporates the Model-View-Controller
pattern, the mmplete internal functionality is available for
any user interface. A user can tailor the result to his needs
by interadively operating on the result collection, for
instance by exchanging the equivalence relation applied for
duplicate detedion. METALICA currently provides two
views for displaying the fina result collection, one atext-

based HTML representation and the other a hierarchical tree
view complemented with Hi-Cite functionality.

So far, we integrated several library catalogs, a publisher's
caaog, and NCSTRL. Further services will be alded. In
order to also cover a broader spectrum of services, we
currently evaluate the possble gain from including citation
indices.

We dso pan to add more views to the user interface, if
paossible by implementing adapters for existing visuali zation
components (e.g. a 3D library metaphor). Furthermore, we
currently prepare to conduct user studies on the different
query and result interfaces to obtain insights into their
relative performance and ease-of-use.
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