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Abstract

The significant advances made in theoretical and experimental
research in information retrieval have many implications for system
design. One possible design for a document retrieval system based
on these advances is presented. A major part of this system design
has been implemented as a bibliography filing and retrieval system
for the Computer Science department at the University of
Massachusetts. The 1implementation 1issues considered here are
functionality, wuser interface and file organization. The main
point of this implementation was to demonstrate that an efficient,
effective and flexible system can be constructed using modern

techniques.
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1.0 INTRODUCTION

The techniques wused in commercially available document
retrieval systems bear no relation to the current thinking of
researchers in this area. A typical system, such as Dialog [1]
uses Boolean queries and searches for documents whose index terms
(assigned manually) .exactly match the query. Research has
demonstrated that automatically indexed documents can, when used
with search strategies based on probabilistic models (2,31, give
good performance and a high degree of flexibility. The reasons for
the differences between research and commercial reality have been
stated elsewhere [4], but a major one is the investment in enormous
databases. However, even if large commercial services remain
firmly entrenched in the past, there 1is a major thrust for
effective and flexible retrieval systems coming from other areas
such as office information systems [5] and systems providing tools
for professionals. These areas are developing rapidly due to
advances in computer and communication technology and it is
important to design filing and retrieval systems which are capable
of meeting the challenges posed by these new applications. 1In this
paper, we shall summarize the major results of recent work in
information retrieval and discuss their implications for system
design. A system based largely on the design recommendations will
then be described in some detail. This system is used to file,
retrieve and display bibliographic references in the Department of
Computer and Information science at the University of

Massachusetts.



Page 4

2.0 RESEARCH DEVELOPMENTS AND THEIR DESIGN IMPLICATIONS

Research into the design of text filing and retrieval systems
can be divided into two main areas - indexing and retrieval.
Indexing refers to the process of describing the content of
documents wusing keywords or index terms. Retrieval is the process
of locating relevant documents in response to users' queries. We

shall discuss these two areas separately.

2.1 Indexing

Indexing in commercial systems is done manually by
professional indexers. However, in the design of systems which
will be able to be used in a number of environments (such as
business offices), the major concern is with automatic indexing
techniques. A large number of studies on indexing were carried out
by Salton ([6]. The results of this work and the more recent work
of Sparck Jones [7] suggest that the simplest techniques are the
most effective. For example, the use of phrases in addition to
simple keywords does not improve the performance of the system.
There 1is some evidence to support the use of statistically
generated phrases and thesaurus classes formed using discrimination
values [8], but it appears that if the retrieval techniques
mentioned in the next section are wused, these more complicated
indexing techniques are simply not needed. Harter [9] has proposed
a sophisticated model of indexing based on a model of word
occurrence 1in text, but it appears that there may be too many
parameters to estimate for this to be reliable. The indexing

process then, will look like the following
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1. Identify words in text.

2. Remove common words using stopword dictionary.
3. Stem words using suffix removal.
y

Replace stems with numbers from a stem dictionary and count
stem frequencies in documents.

5. Remove some low frequency stems from documents (Sparck Jones

advises caution with this step, but it is an excellent way to
reduce the number of index terms for large documents).

It should be noted that index term weights such as the inverse
document frequency (IDF) [7] are specifically excluded from the
indexing process. We regard these weights as part of the retrieval
process rather than indexing. The advantage of this approach is
that the indexing process described above can be done for each
document individually without knowing the term occurrence
characteristics over the whole collection. Weights such as the IDF
or the discrimination value change as the collection changes and

therefore should not be stored in the document representative.

2.2 Retrieval

The research on probabilistic models of retrieval has. produced
many interesting theoretical and experimental results. Sparck
Jones and Robertson's work on this topic [2] established its
effectiveness and pointed out the importance of relevance feedback
for estimating the parameters of the model. In a system using a
search- strategy based on this probabilistic model, the user would
identify relevant documents from an initial ranking of the

documents in the collection. Van Rijsbergen and Harper's work
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[3,10] extended the probabilistic model to include dependencies
between index terms. This formalized much of the early work on
query expansion through term clustering. However, the experimental
results from this model have been ambiguous and it appears that
similar performance gains can be made by expanding the initial
query using terms from the identified relevant documents [11,12].
Croft and Harper [13] considered retrieval before relevance
feedback and showed that the probabilistic model indicates that a
modified form of the inverse document frequency weight should be
used to do the initial ranking. Yu, Lam and Salton [14] extended
this approach to include more sophisticated estimation methods but
their results do not indicate significant performance gains.
Finally, Croft [15] has recently extended the probabilistic model
to include within-document frequency information from the indexing
process. The experimental results indicate that this extension

also provides performance benefits.

To summarize then, it would appear that the most effective
retrieval strategy, which also happens to be easy to implement is
1. Do an initial ranking of the documents using the extended
independence niodel proposed in [15]. This is similar to using
a combination of inverse document frequency weights and
within-document frequency weights.

2. Obtain relevance judgements for the top 10 ranked documents.

3. Expand the query using a subset of the terms from the relevant
documents.

4. Rerank the documents using the extended independence model with
parameters estimated from the set of relevant documents.
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3.0 THE UNIVERSITY OF MASSACHUSETTS BIBLIOGRAPHY SYSTEM

In this section, we describe a system implemented using many
of the design recommendations made above. The major task of the
system is to provide for the filing, retrieval and display of sets
of references to documents. These sets include personal
bibliographies and departmental collections such as reference works
and technical reports. The system records the standard
bibliographic information about documents such as title, author(s),
date of publication, Jjournal, volume and page numbers as well as an
abstract. The major functions of the system are as follows
File - record information for new references, including abstract.

- different types of documents have different formats.
- entry of information is by system prompt with extensive help
facilities.
- automatic indexing is carried out based on the title, abstract
and any keywords entered by the user.
- provision is also made for making the document a member of a
particular set (e.g. one of John Smith's documents).
Retrieve - retrieve documents according to criteria specified by the
user.
- the query can be specified in a number of ways
a. natural language statement of interest.
b. Boolean specification of fields such as document type,
author, date and keywords.
c. example documents.
d. certain combinations of the above.

- the query is specified using a formal 1language designed for
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ease of wuse (for example, simple spelling correction is done
and command retyping is minimized).
Display - print lists of references in a specified format.
- various standard formats provided (e.g. ACM, IEEE)
- users can specify their own formats.
- sets of references to be printed can be established wusing the
retrieve function.
The system was designed for speed of access, ease of wupdating and
reasonable storage overhead. As mentioned, it 1incorporates the
indexing process in section 2.1 and uses the probabilistic model with
relevance feedback. Extensions are planned to include the expansion
of the query using relevant document terms. Figure 1 shows the main
components of the file organization. 1Index terms are found in the
hash table (1) where pointers to the inverted lists in table (2) are
stored together with the 1lengths of the 1lists and the number of
postings for the terms. The variable length inverted lists are stored
in fixed length random access blocks linked by pointers. This permits
efficient wupdating of these 1lists. The inverted 1list contains
pointers to the fixed length bibliographic information stored in (3).
This information can also be accessed directly using the document
identifier. The bibliographic record contains a pointer to the
variable length abstract stored in a number of fixed 1length random
access blocks. Updating these files 1is also straightforward as
bibliographic information and abstracts for new documents can be added
to the end of the files.
The system is implemented on a VAX 11/780 in Pascal. It
currently contains bibliographic information and abstracts for 3200

CACM documents and it is designed to handle tens of thousands of such
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documents. The response times are on the order of 1-5 seconds,
depending on system loading. The programs take wup approximately 30
kbytes of storage, but there has been no real effort to reduce their

size. Figure 2 shows an example of an interaction with the system.

4.0 CONCLUSION

Text filing and retrieval systems can be designed using
techniques derived from recent research in information retrieval.
These systems are very effective in locating relevant documents and
can be made efficient for large collections of documents. It is this

type of system that will be used in the rapidly developing area of

profession-based systems.
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Figure 1 : Overview of the File Organization
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Document number: 1549

Authors: Boguraev, B.K., Sparck Jones, K.

Title: A Natural Language Analyser for Database Access
Journal: Information Technology: Research and Development
Date: 1982 Volume: 1 Pages: 23-40

Do you want to see the abstract?

Yes (Y)
No (N)
?n
Is this document relevant?
Yes (Y)
No (N)
2y
Do you want the document
Printed (P)
Saved (s)
Neither of the above (N)
?p

{User looks at top ten documents}

12 additional documents were retrieved. {Relevance feedback}
How many do you want to see?

?5

{System displays five documents, user decides
whether to print}

Figure 2(b) : An example of interaction with the system.



