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Abstract tion technigues which benefit from the xFIND architecture:
the Search Result Explorer and Vislslands.

The XFIND gatherer-broker architecture provides a
vyealth of metadata,_whic_h can be used to provide sophis-z_ Related Work
ticated search functionality. Local or remote documents
are indexed and summaries and metadata are stored on an ) _ ) ) ) )
xFIND broker (server). An xFIND client can search a par- The first W|despread chent-server mdexmg and retrieval
ticular broker and access rich metadata for search result System overvthe internet was WAIS[13], using a protocol
presentation, without having to fetch the original documents derived from Z39.50]2]. Harvesi[3] was the first distributed,
themselves. Search result sets are not only presented as gatherer-broker information discovery and access system
traditional ranked list, but also in an interactive scatterplot Or the web, an integrated set of tools, written largely in C,
(Search Result Explorer) and using dynamic thematic clus- for gathering information from diverse repositories, build-
tering (Vislslands). ing topic-specific content indices, and searching the indices.
Combine[15] is a gatherer-broker system, originally devel-
oped as part of the European DESIRE project. The SOIF
format for document summaries introduced by Harvest is
widely used, but is in the process of being superseded by
RDF[14], a format for describing resources in XML. How-

The amount of information readily accessible to individ- ever, gatherer-broker systems supporting RDF are only be-
uals at their workplace and at home is rapidly increasing. ginning to emergé[12]. The xFIND system described later
There are now more than one billion unique, indexable webin this paper, builds upon the tradition of Harvest, but is
pages[Tl]. Monolithic, centralised search engines are in-written mainly in Java and has its own set of protocols.
creasingly unable to cope with the exponential growth of  In terms of visualisation of search result sets, two ap-
the web. Since individual pages are visited perhaps onlyproaches are generally taken: visualisation of metadata at-
once or twice a year, the centralised index is inherently outtributes and visualisation via derived document similarities.
of date. More general search queries often return many hunEnvision[T5] plots the results of bibliographic searches in
dreds or thousands of matching documents. Hence the moa two-dimensional scatterplot based on their metadata at-
tivation for both a scalable resource discovery framework tributes. The mapping of particular attributes to visual rep-
and for visualisation tools to help end users explore searchresentations such as the x-axis, y-axis, icon size, and icon
result sets. shape, is controlled by drop-down menus. The Search Re-

This paper briefly describes the xFIND gatherer-broker sult Explorer described later takes the same scatterplot ap-
system, before presenting in detail two interactive visualisa- proach as Envision, but uses xFIND’s extended set of meta-
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data. external systems (rating systems, ACF systems, etc.) are al-
Bead [5,6] uses a force-directed placement technique tolowed to contribute additional metadata fields. The xFIND
lay out documents in a corpus as a landscape. More simi-architecture also provides for the contents of a particular in-
lar documents lie closer together in the landscape. Searchedex to be replicated in whole or in part, in order to minimise
can be made and the results highlighted. ThemeScape (pametwork loads.
of the SPIRE text visualisation suit&)[17] examines a corpus  An XFIND broker is the starting point for user interac-
of text documents and extracts a set of discriminating termstions. A broker can distribute its search queries to a par-
(words), usually nouns, which characterise topics in the cor-ticular set of indexers. The broker is also able to expand
pus. A combination of stoplists, synonym substitution, and queries using a thesaurus. The results of a distributed search
statistical analysis is used to select 200 to 300 “good” dis- are collated and compiled into a uniform search result set.
criminating terms. A landscape of topical terms is generatedBrokers can be individually tailored for a division, a depart-
and documents contribute to the height field at each point,ment, a group of employees or even for a single user as well
based on their contribution to each topic. The Vislslands as supporting particular topics. The xFIND broker provides
visualisation described in this paper builds on the work of standard search functionality (simple, extended, and expert
Bead and ThemeScape, but uses a pre-clustering techniqugearch) through HTML forms. Search queries can combine

to improve run-time performance. both full-text and descriptive and evaluative metadata. The
standard result set is a linear list ranked by relevance.
3. The XFIND System The enhanced metadata provided by XFIND derives from

two sources: metadata automatically extracted from a doc-
FINDI&. 9. [0l th tended F K for Inf ument and quality rating metadata. Automatically extracted
X [8, 9,10, the extended Framework for Informa- o2 4t are generated by the gatherer, which identifies the

t?on D_iscovery, is a is a framework for distributed i”fOVm??' URL, mime type, file size, and creation or modification time
tion discovery and knowledge management. For scalability, of each document. Further information extraction depends

XFIND uses a gatherer-indexer-broker architecture, similgron the type of the object, as well as the proper filter for pro-
tq that pioneered by t_he Harvest(3] system. As shown in cessing the object. At the time of writing, plain text and
Figure[], xFIND consists @atherers mdexgrsand bro- HTML filters are available for textual information, and an
kers For reasons of portability and platform independence, image filter (supporting gif and jpg file format) for muiti-

?F:Ng.t'.s |m|plerr:e3t<id ﬁlm?;t elr(mrely '3 Javz;. (;n ad_dli!on media documents. Support for PDF and audio and video
0 tradiional metadata like utle, keywords, and Aescripion, ¢y 45 ig planned. For HTML documents, common meta-

.X'?ND qlso gsthers agdd';d;)l(.ei doc‘é”.‘e”t head':;]gs,dan ttributes such as title, keywords, description, and language
Information about embedded links and images. Metadata, . parsed and processed by the gatherer. The full-text con-

regarding aspects of information quality, such as a“‘hof' tent is retained for indexing. Headings, links, and (thumb-

1y, d'CtI'lo n da(ljnddtarget audience can be manually or semi- ;i of) embedded images are extracted and retained as
manuafly added. metadata. The gatherer also creates an electronic fingerprint

The XF'QD gatherer %atrr:elrs n:fom&atlon about goc- of each information object, which allows a determination of
uments and resources, both local and remote, and prey,. 4 sryorthiness of information in case of replication.

processes this information. The gathering process is adap- Quality ratings can either be entered manually or im-

tive. At configurable intervals, entire servers, particular ported from an external quality rating system. The integra-

su:—snes, or w;(d;wd;al dloculmentr? can be %atheref(_j. Tgtion of external metadata is also supported for non-textual
reduce network load, a local gatherer can be configure objects such as images or video clips. To simplify the

to gather information from a locally mounted file system. - 1 0. cemi-automatic provision of metadata, xFIND

The gatherer pre-processes HTML and plain textdocumentsy, 4 the definition of metadata for an entire document

(soon also PDF) and ge_nerates a pre-defined set of m‘Etaétructure, a directory, or a particular document by inserting
data (a document descriptor or summary) for each docu-

. ) dditional metadata files. More specific metadata overrides

ment. Thumbnails of embedded images are also generatea]
; : ore general metadata.
and stored in the document descriptor. Only the document
descriptors are passed on to one or more xFIND indexers.
The document descriptors harvested by a gatherer can b<_4" The Stanplard XFIND Search Interface

fetched by one or more authorised xFIND indexers. The  (Ranked List)
XFIND indexer indexes a set of document descriptors and
renders them searchable. An indexer may specialise, for ex- For the visualisation examples presented here and in the
ample, in a particular topic or geographical location. Statis- following sections, an xFIND broker specialising in the
tical information such as term frequency and discriminating topic of Knowledge Management will be used. At the time
terms (discriminators) are generated. Furthermore, trustedf writing, the broker has access to an index of some 44,878
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Figure 1. The distributed architecture of the xFIND system.
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Figure 2. The standard ranked list returned by an XFIND broker. Note the context of the query term
“agents”, the most important terms (discriminators) contained in each document, and the thumbnail
images.



Daily from yellow older documents to white recent documents.
http://agents.www.media.mit.edu/groups/agents Relevance is mapped to icon size, providing a redundant
http://bots.internet.com encoding. More relevant documents are both larger and to-
http://agents.umbc.edu wards the top of the plot. The most relevant document has
Once a Week been selected and its metadata displayed. It is the same doc-
http://www.uibk.ac.at/sci-org/voeb ument from 10th October 1998 entitled “Coordination as
http://www.ai.mit.edu Distributed Search”.

http://xfind.iicm.edu Figure [4 illustrates the interactive nature of the plot.

Most of the rich metadata attributes provided by xFIND can
be mapped to either axis or to icon size or colour. Fidure 5
shows the result of the change. The y axis now corresponds
to the modification date of the document, and document rel-
evance is mapped to both icon size and icon colour (more
relevant are orange, less relevant are white). It can be seen
at a glance, that the most relevant documents are about a

year old and reasonably small.
documents, gathered from the sites shown in Taple 1, as
well as a number of' other sjtes less frequently. The queryg, Dynamic Thematic Clustering with Visls-
used in each case is the single word “agents”, for which lands
there are 314 matching documents.

The default presentation of search results by an xFIND . . .
broker takes the form of a traditional ranked list. Fig[re 2 The_ Visislands interface suppprts dynamic t.he.manc
shows the first two matching documents. The most rele- cIusterl’ng of search rt_asult sets', N & manner similar to
vant document to the query “agents” is entitled “Coordina- SPIRES Themescapel17] and its commercial successor
tion as Distributed Search”. Note the context of the query Cartia[a]. L . .
term “agents” is shown for each document, the most im- The search resuIF set Is f|r§t pre-clust.ered using hier-
portant terms (discriminators) contained in each documen'[a‘rCh'C"’_II ag_;‘glomeratwe clustering _(or optionally .""T‘eans
are listed, and thumbnail images are shown for documentsCIUSte”ng),'tl]' The_: cI.uster centroids are then distributed
containing embedded images. rand_omly in the viewing rectangle._ The docur_n_ents be-
longing to each cluster, as determined by the initial pre-
clustering, are then placed in a ring around each centroid.
This arrangement is fine-tuned using a linear iteration force-
directed placement algorithm derived from [7]. Documents

The Search Result Explorer uses a scatterplot (starfieldsimilar to one another are attracted towards each other. Af-
display) to allow interactive exploration of the search result ter a certain cut-off point, the arrangement has stabilised,
set based on the rich metadata associated with each objecand each document contributes its weight to the height field
in a manner similar to Envision[l15]. Documents are plotted of the grids within which it lies. Dense areas of many doc-
according to two of their metadata attributes (correspond-uments have corresponding peaks. The overall result is like
ing to the x and y axes). Further metadata attributes cana contour map of islands. A more three-dimensional visual-
be mapped to icon size and icon colour, allowing four di- isation of the islands is currently being implemented.
mensions of metadata to be visualised and explored simul-  Figure[® shows the islands visualisation for the first 200
taneously. If too many documents would be mapped to thedocuments matching our example query. Pre-clustering has
same proximity, a group icon is used to represent that subseidentified 22 clusters. Cluster 17 concerning “mind, human,
of documents. For group icons, the size and colour of thelanguage” has been selected. Note the corresponding visual
group icon is determined (under user control) by the max- cluster of red documents in the islands display. Fidure 7
imum, minimum, median, or average value of the group’s shows the metadata associated with Cluster 17.
members. Since it is possible to zoom in on specific areas Figure[8 focuses on Cluster 22, containing 108 docu-
of the display, an overview window is provided in the lower ments. Note that fine tuning with force-directed placement
left corner to help maintain context and orientation. has attracted one document which pre-clustering assigned

Figure[3 shows the first 210 (a user-configurable limit) to Cluster 22 over towards the “webmaster” and “architec-
of the 314 matching documents plotted by relevance on thetures” clusters. Zooming in on Cluster 22, Figlire 9 shows
y axis and document size on the x axis. The most relevantthat, in fact, many of the documents assigned to Cluster 22
document is shown at the top of the plot. Here, the colour of on pre-clustering, should perhaps have been assigned to the
each document icon is determined by the document’s agecluster called “eduterungen”.

Table 1. These sites are indexed for the bro-
ker on Knowledge Management, as well as a
number of other sites at less frequent inter-
vals.

5. The Search Result Explorer
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Figure 3. The Search Result Explorer plots search results along two axes. Here, document relevance
is mapped to the y axis and document size to the x axis.
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Figure 4. Search Result Explorer: Most of the rich metadata attributes provided by xFIND can be
mapped to either axis, or to icon size or icon colour.
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Figure 5. Search Result Explorer: An alternative view. Modification date has been mapped to the y
axis. More relevant documents are now both larger and more orange.
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Figure 6. Vislslands: Pre-clustering using hierarchical agglomerative clustering has identified the
22 clusters shown in the left-hand pane. Cluster 17 has been selected.
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Figure 7. Vislslands: The metadata associated with Cluster 17 is displayed. Its most frequent terms

include “mind”, “human”, and “language”.
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7. Future Work

The xXFIND project is ongoing. Current work includes
development of a utility to automatically detect the lan-
guage of a document, so that stop list and stemming algo
rithms can be applied automatically. Also, a filter for index-
ing PDF documents is planned.

On the visualisation side, the Search Result Explorer
and Vislslands are currently implemented as independent
XFIND clients. A Master’s thesis is just commencing to
build an integrated search client incorporating query formu-
lation and history, ranked result lists, and a framework for
plugging in one or more synchronised visualisations, em-
bracing both the Search Result Explorer and Vislslands.

8. Concluding Remarks

The xFIND infrastructure builds on the original work of
Harvest and provides a rich, highly configurable knowledge
management framework. The Search Result Explorer and
Vislslands visualisations demonstrate the potential of infor- 3
mation visualisation techniques applied to the exploration
of search result sets. The electronic version of the paper
includes full colour illustrations.

[1] M. N. M. Anil K. Jain and P. J. Flynn.

[2] ANSI/NISO.
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