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ABSTRACT

When a digital library is decomposed into many geographi-
cally distributed repositories, search efficiency becomesanis-
sue. Increasing network congestion makes this a compelling
issue. We discuss an effective method for reducing the num-
ber of serversneeded to respond to aquery and give examples
of search space reduction in the NCSTRL distributed digital
library.
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INTRODUCTION

There are three fundamental activities associated with dis-
tributed searching in digital libraries: (1) choosing the spe-
cific database collections to search; (2) searching the chosen
databases; and (3) merging the results into a cohesive re-
sponse. Each of these is an important area of research, but
here we focus specifically on the first activity. This has been
called the collection selection problem by Callan et al.[1],
whileGravanoet al.[3] refer toit asthetext databaseresource
discovery. It isalso referred to as database selection[2].

The database selection problem is generally formulated as:
given aquery ¢, rank the available databases in order of pre-
sumed utility to ¢. The simple techniques discussed here can
be used to exclude databases from consideration when it can
be determined from the query that they could not possibly
yield aresponse. A simple example will illustrate the dif-
ference. Assume that we have a query that includes a term
specifying an author, among potentially many other search
predicates. We can then rule out all database sites which are
known not to have any documents written by the requested
author. Thiswill not affect the effectiveness of the search; we
will achieve exactly the same result by processing the query
at fewer sites. This will, however, increase the efficiency
of the search by obviating the need to process the query at
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superfluous sites.

It is clear that the most efficient way to search a siteis never
to processaquery thereif it can be avoided. Here we discuss
this principle as applied to author and title searching in the
NCSTRL collection.

NCSTRL

NCSTRL isthe Networked Computer Science Technical Re-
ports Library, a collection of the technical reports of over
100 computer science departments and research laboratories
worldwide. At the present time NCSTRL includes about
22,000 technical reports. It isadistributed architecture based
on an open protocol, DIENST[4]. NCSTRL participantselect
to participate as either “standard” or “lite” sites. Standard
sites support user interface, index and repository services,
lite sites provide a repository only and are indexed at the
NCSTRL Central Server which isitself a modified standard
site. We used 39 standard sitesand 43 lite sitesfor the results
reported here.

Example

Table 1 demonstratesthe potential of site selectionin the NC-
STRL collection when relatively uncommon and relatively
common names are used as part of asearch. Thetable shows
the number of sites containing at least one instance of each
named author. The first column of the table considers only
the 39 standard sites; the second column considers all 82
sites. The search space reduction is from 95% — 100% for
the relatively uncommon names and from 62% — 82% for the
common names. The search space reduction is clearly sig-
nificant for these examples. Below we extend thisanalysisto
include all the authorsin the NCSTRL collection.

Author Standard | Standard
Last Name only plusLite
Creighton 0 0
French 1 3
Powell 2 3
Jones 5 12
Lee 15 25
Smith 15 24

Table 1: The number of NCSTRL sites containing at
least one instance of each author’s last name.




METHODOLOGY AND ANALYSIS

We examined the efficacy of a query routing mechanism
based on author and title words. To do that we analyzed
the NCSTRL datafor authors, title words, and stemmed title
words. For each unique author or word we determined the
number of sites containing that author or having that word
in atitle. Finally, we histogrammed the data and created
cumulative distributions.

Authors

Authors were extracted from the bibliographic records of
each site and reduced to last name only. There was some er-
ror in this process because some of the bibliographic records
strayed from the RFC 1807 standard and could not be eas-
ily disambiguated by automated means. There was also no
standard encoding of diacritical marks. For example, we
found at |east five different ways that umlauts were encoded.
Nevertheless, the error due to these problems is very small.

Title Words

Eachtitle wasextracted from the bibliographic recordsat each
site. All nonal phabetic charactersweredeleted. The practical
effect of thisin most cases was to convert constructions such
asO(logn) to the nonsense string Ologn. More sophisticated
parsing could be used to preservethese constructions, but the
effect on the work reported here is minimal.

Stemmed Title Words

Titleswordswere extracted as above and then conflated using
a stemming algorithm due to Paice[5]. We wereinterested to
see if stemmed title words would retain the selectivity to be
of usein search space reduction.

Cases to Consider

Weused 39NCSTRL standard sitesand 43NCSTRL litesites
from the Central Server as the basis for this analysis. Our
selection of sites was based on the availability of sufficient
bibliographic data at the sites. We considered the sites in
three configurations for the purpose of the analysis.

Case 1. This configuration consisted of 40 standard sites,
the 39 standard sites from above plus all 43 lites sites consid-
ered asasinglestandard site. Thiscasereflectsthedistributed
searching scenario in NCSTRL where aquery isbroadcast to
all standard sites and the Central Server.

Case 2. This configuration consisted of 82 standard sites,
the 39 standard sites from above plus the 43 lite sites, each
considered asanindividual standardsite. Thiscaserepresents
adistributed system about twice as large as Case 1.

Case 3. Thisconfiguration consisted only of the 39 standard
sites from above. Thus, Case 3 differs from Case 1 by the
removal of the composite standard site composed of the lite
sites. Because the composite site is made up of 42 sites, we
wanted to make sure that it did not have unusual properties
that unduly dominated Case 1.

RESULTS

We extracted the authors and title words for each of the cases
described above. In each case we computed the expected
number of sites to search given a single author or title word.
Table 2 shows the results of these calculations.

Case
1 2 3
Authors names | 1.33 | 1.42 | 1.31
Titlewords | 2.85 | 3.81 | 2.97
Stemmed titlewords | 3.27 | 4.61 | 3.55

Table 2: For each case we show the expected number
of sites to be searched given an arbitrary author or title
word from the collection. We do not consider authors
or words not occurring in the collection.

It is clear from the data in the table that substantial search
space reduction is possible. On average we can expect to
enjoy a 97% reduction of the search space based on asingle
author in a query while title words can be used to reduce
the search space 92-95%. This latter fact is most surprising.
We had not anticipated such a widely skewed distributi on of
title words, but our data showed that individual title words
occur at only onesitein approximately 57% of the cases. The
stemmed title words have good sel ectivity (91-94%) aswell.

Note also that Case 1 and Case 3 do not differ appreciably.
This implies that the skewed distribution is not due to some
artifact of the composition of the 43 lite sites into a single
standard site.

CONCLUSIONS

Inthe NCSTRL collection the distribution of author and title
word data is sufficiently skewed so that it can be exploited
favorably to radically reduce the number of sitesthat haveto
be searched. Moreover, we can reasonably expect to retain
author selectivity as the collection grows. It isnot clear how
well thetitleword selectivity will hold up asthe systemgrows,
although the selectivity of the stemmed title words seems to
suggest that title word selectivity might scal ereasonably well.

A back-of-the-envel ope cal culation showsthat at the present
time a data structure for author selection would require about
50K to 60K bytes, sufficiently small to be replicated in each
standard site's user interface to provide query routing ser-
vices. Thetitle data can be widely replicated as well. This
will allow queriesto be multicast to many fewer siteswithout
degrading query effectiveness.
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