NMARZZMIZRY R MY

Kyushu University Institutional Repository

Multistage Information Retrieval System Based
upon Researcher Files

Arikawa, Setsuo
Research Institute of Fundamental Information Science, Kyushu University

Kitagawa, Tosio
Honorary Professor of Kyushu University, Director of International Institute for Advanced
Study of Social Information Science

http://hdl. handle.net/2324/10153

HAR1E$R : RIFIS Research Report. 51, pp.1-34, 1975-03. JuINKZFIRFERHMEEMIERFM AR
N—=I3

HEFIBEMR

W, KYUSHU UNIVERSITY




Institute of

~ Fundamental Information Science

Research Report No. 51
March 1975

Multistage Information Retrieval System
Based upon Researcher Files

By

Setsuo Arikawa
and

Tosio Kitagawa

Fukuoka, Japan



Multistage Information Retrieval System

Based upon Researcher Files*

By

Setsuo Arikawa**
and

Tosio Kitagawa**¥*

* %

*k %k

The work is done as members in the research group "C-2:
The structure of data base and theory of information
retrieval®™ Dbelonging to the Special Research Project
"Advanced Information Processing of Large Scale Data

over a Broad Area" supported by the Research Grand of the
Ministry of Education of Japan.

Research Institute of Fundamental Information Science,
Kyushu University.

Honorary Professor of Kyushu University, Director of
International Institute for Advanced Study of Social
Information Science.



ABSTRACT

A new viéwpoint on the information storage and retrieval
systems mainly for the use of researchers 1s discussed. A
mathematical formulation of the terms in the information
retrieval systems 1is presénted. Then a practical information
storage and retrieval system, so called MIR-RF system, 1s con-
structed in accordance with the new viewpoint and the formula-
tion. As raw materials for MIR-RF system, 1) the researcher
files are prepared by individual researchers or groups of
researchers, and 2) the lists of documents are picked up by
researcher themselves from their interest. 3) From the titles
of the listed documents, the key words or key phrases are ex-
tracted by a newly designed automatic indexing system REKWEST.
4) The retrievals are carried out by the multistage uses of
the several kinds of associlations between the two filles pre-
pared in 1) and 2).

In this system, the researcher's own knowledges, views
and insights about their fields of studies can be reflected
with minimal efforts. As a byproduct, some materials for con-

structing the general thesaurus are accumulated.



1. Introduction

In nearly all research activities, 1t has already become
a fixed routine to publish the results of researches as printed
documents and then restart the next stage of researches Ey using
the previously published documents. The published documents
are rapidly increasing in number and in vareity, and researchers'’
requests assume continually varying, developing and evolving
aspects.

Hence an information storage and retrieval system should
be designed so as to be adapted to this variety and quantity
of aspects. In constructing an information retrieval system,
the most essential and labouring work is, as is well-known,
to make and organize data files such as document lists, key
words, thesaurus and other dictionaries. A new information
retrieval system should also give a solution to this problem.

In the present paper, we present a new viewpoint of infor-
mation retrieval systems and their uses and report some results
on constructing the information retrieval system based upon
the viewpolint. We shall call the information retrieval system
together with the viewpoint as MIR-RF system, which is an
abbreviation of 'Multistage Information Retrieval system based
upon Researcher Files'.

- Our fundamental attitude and requirements for the infor-

mation retrieval system mainly for use of researchers are as
follows:

1). The system should and can reflect the knowledges,



views and insights of the individual researchers and/or resear-
cher groups.

2). In spite of the flexibility in 1), the system should
not become a burden to the researchers, in preparing and making
raw materials for the input data files.

Readers may feel something strange to our attitude and
requirements. The authors, however, believe that the infor-
mation searching activity of the researcher is one of the most
subjective activities among all the research activities, and
the success or failure of an information retrieval system
depends on the capability of reflecting the subjectivity or
individuality.

In implementation of our MIR-RF system, the authors res-
trict the field to be dealt with by the system to fundamental
information sclence, which i1s the authors' study field and
consists mainly-of information theory in a narrower sense,
mathematical neuron science, control theory including game
theory, stochastic processes, pattern recognition including
speech recognition and statistical multivariate analysis, and
language and automaton theory.

In Section 2 we illustrate an outline of MIR-RF system.
In Section 3 we introduce a new automatic indexing system
REKWEST. In Section 4 we point out the necessity and suffi-
ciency of researcher files, give a mathematical formulation‘
of terms concerning the informatiorn retrievals and discuss

the function of the multistage retrievals.



2. An outline of MIR-RF system

As stated in introduction, MIR-RF system has been designed
s0 as to be able to reflect the researchers' knowledges, views
and insights with minimal efforts. To keep the researchers
effort minimal is vital for the continuous life of document
retrieval system, since, for the researchers, the document
searching activities are everyday jobs, but not, as a matter of
fact, all of their research activities.
2.1. Researchers' jobs

In MIR-RF system, there is not much to be done on the side
of the researchers. Their duties are- restricted only to the
following:

1). To 1list the documents, in which the researchers feel
interest, in such forms of the references or bibliographies
as in scientific papers. In substitution for these lists may
be adopted some existing lists of documents such as the bibli-
ographies at the end of books or papers surveying a field of
study. Moreover the researchers can be allowed to pick up
only the names of journals. All the requirements for each
entity of the lists of documents are to contain a) title,
b) author(s), c¢) name of journal, or publisher (in case of book),
d) year of publication, e) volume, number, page and language
used. These lists of documents constitute the bases of data
files of MIR-RF system.

2). To extract key words or key phrases from (and on)

the books or papers read carefully and organize them if nec-



essary. It should be done at each‘time when the researchers
have finished reading. The key words are organized in tree
structures as shown in Fig. 2.1, although, concepts are usu- °
ally comprehended as a kind of graphs or networks. The coll-

ection of these data constitutes the researcher files (RF).
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Fig. 2.1. Tree structures of an entity of RF

In Fig. 2.1, A, B,..., R 1in the circles denote the key
words or phrases, 1, 11,..., 2112 above the circles indicate
the representations of the tree structures in the file RF, the
left key words or phrases are higher concepts than the right
ones and the vertical equals 1 denote the relation of equiva-
lences of concepts.

2.2. File construction

Now these raw materials prepared in 1) and 2) are punched



in cards in designated formats as shown in Fig. 2.2, and Fig.

2.3.

151 50 1 ON BALANCED GAMES WITHOUT SIDE PAYMENTS.
251 50 1 SHAPLEY.LoS.

351 50 1 MATHEMATICAL PROGRAMMING.

451 50 1 E 1973 261- 290 3.

Fig. 2.2. Contents of document list

951 50 1 1 COGPERATIVE GAME

g51 50 2 1 COOPERATIVE N-PERSON GAME
51 50 3 11 BALANCED GAME

951 50 4 12 CORE

951 50 5 13 WITHOUT SIDE PAYMENT

g51 50 6 13 WeloSe

Fig. 2.3. Contents of RF

These collections of punched cards are stored in a magnetic
tape as a master file (MF). In this storing process key words
or phrases are extracted fully automatically by an indexing
system so called REKWEST, to which we refer more in detail in
fthe next section.

From the master file (MF), four kinds of files are con-
structed. 1) Document file (DF) each entity of which consti-
tutes of title, author(s), name of journal or publisher and
other items on the document given in Fig. 2.2, and which is
used as outputs in real retrievals. 2) Key words (phrases)-
from-title file (TKF) each entity of which is an output of the
REKWEST. 3) Researcher file (RF). 4) Author file (AF) which

is arranged in lexicographic order. And then two kinds of



inverted files (TKF)™' and (RF}_1 are constructed from TKF and
RF, respectively. The ordering 1s again lexicographic. The
whole flow dilagram of file construction procedure is given 1in

Fig. 2.4.

#9 and/or #1#5

Master File E DF Document File
! #9 and/oxj @ JO § )
#1 v #hL ~ TKF

Key Words File Inverted Key
from Titles Words File
REKWEST
ERROR - l !
CORRECTION ERROR
DETECTION Researcher Inverted
h A File Researcher
DOCUMENTS File
LIST g

AF

Author File

Fig. 2.4. File construction procedure

2.3. Error detection

In MIR-RF system, some kinds of errors are detected as
shown in Fig. 2.4. The detectable errors are format errors
and lacks of entities of document list. And at the same time,
from the first file updating, MIR-RF system give a warning to
errors or ambiguous letters. The ambiguities occur in proce-
ssing titles of papers or book by REKWEST. The errors to

which MIR-RF system gives a warning are the misspellings of
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words and names of author.r The principle of the detection
lies in the experimental fact that the same misspelling rarely
occurs two or more times. This fact is widely accepted.
In an experiment on about 700 documents, we could not find
any error in those words that occurred two or more times.
Usually this fact is applied to the input data construction,
in the method that the same materials are punched by two diff-
erent punchers. In MIR~RF system, however, in order to save
human power, we adopt the method of using the previously
obtained inverted files. If a word occurs at first, that is,
if the word is not found in the inverted file, MIR-RF system
gives a warning to it.
2.4. Questions for MIR-RF system

Users of MIR-RF system can question on the documents by
1) author(s), 2) name of journal, 3) logical connections of
key words as 1in the usual retrieval systems. And also users
can question by a title expected as an answer from thekretri—
eval system. In that case the title is resolved into key
words (phrases) by REKWEST just as in the indexing, and the
set of such words or phrases 1s processed by automatically
assuming a logical formula connected with logical 'and'.
3. REKWEST indexing system

In this section we propose a new automatic indexing system
REKWEST. REKWEST is an abbreviation of REformed KWEST. And
KWEST is an abbreviation of Key Word Extracted as a String of

Terms. The underlying system KWEST of our REKWEST has been



recently introduced by T. Watanabe [1], in order to decrease
the redundancy of the traditionally well-used indexing systems
such as KWIC and KWOC. His main idea is to extract index
terms as forms of word strings by deleting appropriately des-
ignated stop-words from titles of documents. His idea of
extraction of index terms as forms of word strings is accepted
into our system not only because his proposition is agreeable
but also because 1t can satisfy another point of view of ours.
That is, we know and récognize by everyday experience that
there is a trend that the more familiar the concepts become,
the more frequently are they expressed in the forms of word
strings without prepositions. And also 1t may be said that
questions 1in retrievals become more similar to sentences of
natural language. We believe that the total redundancy in
indexing and retrieval should considerably decrease.

The language to be dealt with by the present singularizer
is restricted to English. For our purpose, at the starting
point, it 1is sufficient to deal only with English, since we
can say that about 95 or more percent of documents in our
field are written, or at least have titles, in English.

Now let us explain the outline of our REKWEST system.

The flow of jobs in REKWEST is given in Fig. 3.1.
From now on we use a term 'key string' for 'key word',

'string of key words' or 'key phrase’.



(KWEST)

JDELETER OF g?oggiS?R B key
titl SINGULARIZER -
T STOP-WORDS | - STOP-WORDS words

Fig. 3.1. REKWEST indexing system

As in the above figure, REKWEST system has two more stages
of processing in addition to the original KWEST system. One
is a singularizer of all noun form words which constitute a
title. And the other is a processor of quasi-stop words,
which is a notion newly introduced in MIR-RF system.
3.1. Singularizer

We adopt a singularizer to add to our indexing system from
two purposes: The first is to decrease the number of index
terms and the second 1s to compress the size of the dictionary,
i.e., the list of stop-words and quasi-stop-words. In fact,
by the adoption of a singularizer, we have seen about 32%
decrease of index terms in the extracted samples which consists
of 700 documents collected by Wood [2]. The decreasing rate
of size of the dictionary is not worth mentioning, since the
total size is kept within a very small size. At any rate,
by this simple singularizer we have achieved considerable

decrease of redundancy in document retrieval systems, at the



stage of preprocessing.

English nouns are divided into those with regular plurals
and those with irregular blurals. Hence a kind of a diction-
ary 1s necessary to process the latter. We have selected and
summarized 30 suffixes of nouns by using the Inverted English
Dictionary [4]. These 30 suffixes play a role of a dictionary
in our singularizer.

This singularizer with such a small dilictionary can be
said to be sufficient for our present purpose, i.e., for pro-
cessing of the field of fundamental information science. In
fact, we could not find any essential example of misprocessing
or underprocessing in a practical experiment of the singular-
izer with about 2,000 documents. Detected misprocessings were
on words other than common nouns such as 'towards', ‘'does',
Gries (a name of author) etc.

The practical application of the singularizer is restri-
cted to words with 4 or more length, in order to prevent
strings of abbreviated notation from beling overprocessed.

3.2. Stop-words

The stop-words in the usual automatic indexing systems
such as KWIC are selected by taking into account of the frequ-
ency of occurrences of words. Roughly speaking, words with
high frequency or low frequency are picked up as stop-words.
In our system, however, we do not adopt such a statistical
criterion. The reason 1s that we have not yet sufficilent data

to adopt such a criterion, and we are afraid to lose meaningful
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words. We should, in our retrieval system, take care not to
lose informations in order to answer varieties of researchers’
requests.

In REXWEST system, from these viewpolints, we have picked
up about 80 words below:

1) prepositions except 'up', 'down', 'to', and, 'without',

2) articles,

3) co-ordinate conjunctions,

4y auxiliary verbs,

5) - numerals from one to ten,

6) personal pronouns,

7) interrogative except 'how', 'what', 'which', and 'when',

8) pronominal adjectives,

9) some other adverbs and adjectives concerning degrees,
and some ing-—forms working participially and prepositional;y.
Note that some prepositions such as 'to! and 'up' and

interrogatives are excluded from the list. These excluded
words are to be processed at the next stage as the quasi-stop-
words.
3.3. Quasi-stop-words

The essence and difficulty of indexing systems such as
KWIC, KWOC and KWEST lie, in fact, in setting up a criterion
for the stop-words. Under a loose criterion a trivial redun-
dancy occurs and under a rigid criterion a vital information
loss occurs.

In order to improve these systems without appealing
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