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Some Considerations on an Automatic Indexing System
by Use of a Title of the Document

NoriHIRO ABE*, Jun-icHI Tovyopa* AND KoHkIiCHI TANAKA*

1. Introduction

This paper presents a method of automatic subject recognition in scientific
papers. It is shown that our system with role-indicators is expected to have
higher recall factor than usual ones. In this system, the concepts of role-
indicators and the algorithm which is able to assign automatically the index to
a given title of the document are quite different from usual ones. Therefore
the ambiguity of rules which assign role-indicators to words in the documents
and miss-assignment of role-indicators by the man may be avoided. On the
design of the algorithm, not only the statistical estimation are considered in
KWIC and so on, but also the general characteristics inherent to natural lan-
guages and the syntactic structure of the title are considered. By considering
such a limit of availability of the present computer as encountered in the re-
cognition of semantics and the trade-off between the manageability of the system
used and the retrieval efficiencies, we must design a meta-language L* which
describe the subject of the document D written in a natural language L, and
to construct an algorithm f: Doverz—L* in order to divide the documents set
into fairly large subsets, as in the case of a uniterm indexing system. The title
of a scientific paper gives us only an outline of the articles discussed in its
paper. Our system has a function that is able to transform the given title to

the indexes.

2. The Characteristics of the Title of Scientific Paper
2.1. Syntactic Characteristics

Almost every title may seem to be constructed by such a phrase-structure as
a noun phrase, and the role of each phrase and the relation between phrases
are given by prepositions. The fact expressed by each phrase is given by the
phrase itself and the function of a preposition associated with it.
2.2. Lexical Characteristics

Words and prepositions used in the title have a function of defining the
fact expressed by the preceding and succeeding phrases as well as by the
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phrase containing those words. For instances,
An Introduction to....... A General Method for.......

are the typical examples. These words underlined do not express significant
subjects but are used as index terms to clarify really significant subjects. It is,
therefore, possible to clearly describe the fact which the phrase represents by
what kind of words are used in its phrase and by what kind of prepositions
succeed them.
2.3. The Subject of the Title

We have designed the symbols and roles to extract the subject of the title.
These symbols are called syntactic symbols.
M: the most significant and mainly discussed matter of the paper (abbreviated

MSMM.).

: the property, attribute of MSMM.
: the associated matter with MSMM.
: the object matter of MSMM.
: the restrictive matter on MSMM.

: the term on area disscussed in the paper and the term of indicating in-

QUQ’;U*U

struments used for the paper.
Next, we define a phrase contained in the title as the semantic symbol and it
has a one-to-one correspondence to a syntactic symbol. Then the meta-language
of indicating the subject is {#— NP}, where n& {M, P, R, O, D, C}, NP is a noun
phrase.

3. The Design of the Algorithm of the Automatic Subject Analysis
2.1. Preliminary Considerations on the Algorithm.

The algorithm of the automatic subject analysis may be designed under
several assumptions based on the characteristic feature of the title and on the
experimental studies.

(1) The Function of the Prepositions. We make the assumption that the
preposition has the following function in the title.

“OF” links MSMM with its attribute or related item.

“FOR” links MSMM with the item of its object.

“ON” links MSMM with the item of its attribute or its condition.

“BY” links MSMM with the item of its condition.

“IN” links MSMM with the item of its condition.

“TO” links MSMM with the item of its object or its attribute.

“WITH” links MSMM with the item of its restrictive condition.

In actual sentences there are several exceptions to these assumptions. For ex-
ample,
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* A Design of Automata. (1), % A Principle of Automata. (2)

* A Covering of Automata. (3)
It would be clear that the MSMM in the title (1) and (2) is each of the second
phrase “Automata” and the same one in (3) the first phrase “A Covering”. Since
each first phrase of (1) and (2) consists of “Design” and “Principle”, respectively
which are so called common words, these phrases are considered to be the ex-
planatory parts. On the contrary « Covering” in the title (3) mentioned above
is not a common word but forms an important class of automata theory. Hence,
it seems to be an MSMM. In case of simple title, it is also possible to assign
a role to each phrase consulting a dictionary in which, for example, a list of
common words and so on are stored. In case of titles containing several pre-
positions what kind of role may be assigned to each phrase in the titles depends
upon the kind of prepositions and their combinations. Consider the following
sentences.

%

Applications of Boolean Algebra to Switching Circuit Design. (4)

¥ An Approach to the Syntax-directed Analysis of Graphic Data. (5)
In such titles, it is necessary to determine with what phrase each preposition
is associated. For this purpose, some assumptions should be set upon the
function of prepositions. And title sentences are segmented into the subse-
quences so as to match to one of the following patterns as “ NP of NP”, « NP
of NP for NP” and so on. For example, (4) and (5) are segmented as below,
respectively ;

Application of Boolean Algebra,
to Switching Circuit Design, } (4)

An Approach,
to the Syntax-directed Analysis of Graphic Data, } (5)
The title (4) is considered to have the structure of “NP of NP’ “~to NP7
and processed similarly as in the former examples (1), (2) and (3). However, the
title (5) is not segmented into “NP to NP”, “~of NP>, because it is found
from the experimental studies that such a segmentation is unnecessary to our
system. These preposition sequences are listed in the Table 1. These patterns
and the number of them are determined from the investigation of prepositions
sequences used in actual titles. Next, consider the following examples :

* The Construction of Minimum Redundancy. (6)

* General Recursive Function of Natural Number. (7)
In these titles, as no common words are used, they can not be analyzed suc-
cessfully by the above algorithm. Then, in the present paper it is assumed
that an MSMM needs more “significant explanations” than others and has to
be modified with more number of words. We mean by the word « significant
explanation” those modifiers as articles, adjective such as “some”, and adverbs
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Table 1. Patterns of Preposition Sequence in the Title.

SEQUENCE % SEQUENCE %
—on—. 2.1 —of—by—of—of—. 0.1
—on—of—. 2.6 —of—on. 0.7
—on—of—of—. 0.6 —of—for—. 1.3
—on—of—in—. 0.8 —of—for—of—. 0.7
—on—of—by—. 0.2 | —of—for—with—. 0.1
—on—of—to—. 0.1 ~—of—for—on—. 0.3
—on—by—. 0.5 | —of—with—. L7
—on—for—. 0.8 —of—to—. 1.1
—on—in—. 0.5 —of—to—with—. 0.2
—. (OR—and—.) 27.6 —of—to—to—. 0.1
—for—. 8.5 —of—of—. 2.8
—for—of. 3.3 —of—of—in—. 0.1
—for—with—. 0.6 —of—of—of—. 0.6
—for—in—. 1.3 —of—of—for—. 0.2
~for—by—of —. 0.2 —of—of—to—. 0.3
—for—of—of—. 0.1 —of—of—by—. 0.1
~—in—. 5.2 —to—. 1.4
—in—of—. 0.7 —to—of—. 1.6
—of—. 21.5 —with—. 1.5
—of—in—. 4.8 —with—of—. 0.3
—of —in—of—. 0.1 —with—on—. 0.6
—of—by—. 0.9 OTHER 1.4
—of—by—of—. 0.1

which do not effectively modify any words. These meaningless words are
registered in the dictionary and are referred when demanded. The part of
them are listed in Table 2.

(2) Some further Processings. Such titles as containing “AND” appear
frequently as shown in Table 1 and it is important to process these titles as well.
(a) Processing of “AND”. As the patterns of “AND” that connects words, the
following four ones are set up from the investigation of actual examples.

noun phrase and noun phrase, noun phrase and a noun,

an adjective and noun phrase, a noun and a noun,

The present authors have considered only next two cases regarding “AND” used
between sentences, that is, (i) “AND” in the title sentences in which any pre-
positions is not used. (ii) “AND” which is immediately followed by “its”, “their”
etc., i.e. possesive pronoun or an article. Of course, there are a few exceptions,
but most titles can be considered to have the above-mentioned patterns.

(b) Processing of the Word which ends in the “ING” form. Consider the next
example:

% An Algorithm for Assigning Role-indicator to the Title. (8)
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Table 2. Examples of @ Word and U-Word.

(WORDS OF NO SIGNIFICANCE)

(IDIOMATIC WORD)

A ANALYSIS

ABNORMAL APPLICATION

ABOUT APPROACH

...... APPROXIMATION

HIGH ASPECT

ms

LARGE CLASS

MANY COMPARISON

MORE DEVELOPMENT

NEW EFFECT

...... ESTIMATION

PRACTICAL EXPRESSION

SOME ' EXTENSION

THE FOUNDATION

THEIR

THREE IMPROVEMENT

...... INTRODUCTION
INVESTIGATION
METHOD
NOTE
PRINCIPLE
PROBLEM
PROCEDURE
PROPERTY
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the word “Assigning” should be separated from “Role-indicator” because it does
not work as an adjective. For the purpose of this process, words such as
“Switching™ or “Covering” that is used as an adjective or a noun in the meta-
language are registered into the dictionary, and referring to this dictionary,
words which ends in the “ING” form are segmented from another words if
necessary.
(¢} Processing of the Word which ends in the “ED” form. Similar to the
“ING” word, these words are registered into the dictionary, and to segment
them from a preceding noun phrase, this dictionary is referred.
3.2. List of Symbols and Definitions
Definition 3.1.

(1) “#> is the position of the title head.

(2) “NP;” is the i-th noun phrase from the title head.

(3) “W(NP:)” is the last noun of the NP: 1If the last word of NP; is not
a noun, then it means the noun just prior to the last word. And “N(NP;)” is
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the number of word of NP,

(4) If NP;is a (¢)'N, then it is denoted as NP;=N, where ¢ is an element
of @ which is the subset of adjectives such as {a, an, the, its, their, ...... }, and
N is a noun and (¢)* implies ¢ or 4 (null word) and also if 9@ then N(p)=0.

(5) If W(NP;) is an element of the common word set U, it is denoted as
W(NP;)eU, where U is the subset of idiomatic word such as {application,
approach, ...... }.

Definition 3.2.

(1) If each noun phrase NPiin of the sub-sequence of the title sentence
$P; NP; $Pisy NPiwif-4#PiaNPiyy is assigned for its role X; under a condition
a respectively, then it is denoted as. n: (~#Pi NPi} 4#Pi1aNPisn); o, [Xi, X,
X" where “n” is a label of this assignment of roles, $P;(i<j<i+n) is a pre-
position, Xi;(i<j<n) is an element of the set of role-indicator {M, P, R, O, D, C}
and “%” is properly settled and registered within the dictionary of the patterns
of preposition sequence.

(2) If i=1, the sub-sequence of (1) is denoted as (44P: NP §P; NPy} §Py
NP.y; a, [X1, Xa, -+, Xs]%. And if NPiss is a noun phrase of the end of the
sentence, the sub-sequence of (1) is denoted as {~#P: NP #P:isaNPin); a,
[Xi, Xy, Xin]®. Especially if NPi=4, X, is A

(3) If Xiu=ZXis,,, they are denoted as Xu'. And if “n” is temporarily as-
singned to X', what role-indicators are assigned to NPu and NP:u+n, is deter-
mined by the n-th transformational rules of 3 (below).

(4) If 2=0, then the further addition of role-indicators is not permitted
whatever sequences succeed. If 2=1, and the succeeding preposition belongs
to {in, on, by}, then the role-indicator is assigned as the next sequence, else
any of them are not assigned. If k=2, and the succeeding preposition belongs
to {with, for, to, in, on, by}, then the role-indicator is assigned according as the
next sequence, else any of them are not assigned.

3.3. Transformational Rules
Subject Recognition Algorithm. Lists of all rules are given in the Table 3.

4. Computer Experiments and Conclusions

This system has been described by COBOL and is now operating on FACOM
230-10. The experiment is being made on the title of papers in the IEEE
Computer, the Information and Control, and so on. Several results are listed
in the Table 4.

Now we consider several problems on the basis of experimental results.

(1) These are simple examples and of which results are obtained by the
direct use of the transformational rule. In these examples, the algorithm works
well.
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Table 3. A List of Transformational Rules.

L1744 NP1 gy [M7°
[2] (44 NP; $OF NP2y ;
(i) WWNPYeU [P, MT
(i) (i )AN(NPL) > N(NPs)) ,[M, R
() 101)AG) [P, M7?

L3171 (t4 NP: OF NP, $OF NPs);
(1) (W(NPs)e Uv(W(NP2)
&UANP=N)ANPs>N ,[P, P, M1
( H ) (W(NPz)E U\/( W(NPz)
GEUANP:=>N)ANP:=N [P, M'7]?
(ii) Wi)AT(H) ,[P,M, R}
[47 (¢4 NP, 4OF NP. #FOR NP);
(1) NPi=NANP=N A W(NPy)

eU, WINPYeU) PP, M7
(i) NPi=>NANP=N LM, O
(i) Wi)ATE) ,[2, 071
[51 (4% NP, $ON NP §);
(i) WNPYeU [P, M7
(i) i) ,[M,CT°

[6] (4 NP1 $ON NP; $OF NPs);
(1) NPi=AA(W(NP2)& UANP2»N )y
(NP;=NANPsN)) LA, P, M2
(i) NPi=AA(NP=>NANPs=N) ,[ A, M'P

(ii) NPi=AAU(i)AT(i)) L[4, M, RT*
(iv) (W(NP2)e UANNP>=N)y

(NPy=N, NP3=>N) P, P, M2
(v) NP;=NANP;=N LR, M
(vi) Wv)AT(v) ,[P,M,RT*

[71 (44 NP1 $ON NP; $OF NP; $OF NP.);
(1) NPi=AA(W(NPy)

eUNW(NP)elU) ,[A4,P,P,MT
(i) NPi=AA(NPs=>NANPs=N)
,[4, M, RT*

(i) NPo=AAC(()ANE) (4, P, M, RT
(iv) (WNP)eUx WNPs)eU)

,[P,P,P,M7
(v) (NP=>NANPs=N) [P, M, RT*
(vi) Wiv)A1(v) , [P, P, M, R]

[87 (¢4 NP, ON NP, tFOR NP:);
(i) NPi=AAN(W(NP)SUANP:=N)

J[4, P, M7T

(i) NPe=AAC(i)) L[4, M, O

(i) WNP)eUyNP=N [P, P,MT

(iv) (i) ,[P, M, O
[97] (44 NPi §FOR NP;);

(1) W(NP)eUANP:=N [P, MT?

(i) (i) , M, 01

[10] ($4 NP: §FOR NP; $OF NPs);

(i) WINP)EUANPi=N , [P, 2]

(i) (i) ,[M, 01
[11] ¢4 NP1 $TO NP3y ;

(i) W(NP)eU P, M7?

(i) (1) ,[M, O
[12] (44 NP1 #TO NP; $OF NPs);

(1) W(NPyeU, [P, 2]

(i) (i) M, O
[13] (#4 NP1 #IN NP3); ,[M, CT°
[14] (44 NP, §WITH NP ; JLM, DI*
[15] {~4TO NP); ,[OT
[16] {~4IN NP); ,[CT°
[17] (~4BY NP); ,[CT°
[18] {(~4ON NP} ; ,[CT
[19] (~WITH NP); ,LDT!
[20] (~#FOR NP} ; , [0

(2) These are examples of which structure is comparatively simple, and

results are obtained by the use of combination of the transformational rules.

These results are good as in (1).

(3) As the structure of sentences become complex, it is found that role-

indicators can not be attached to each noun phrase by the transformational

rules, and that role-indicators must be attached to a compound phrase contain-

ing preposition sequence. For examples, (i) When there exists a noun phrase

of which expression is too simple in the title, it is meaningless to attach a role-

indicator to such a noun phrase because of vagueness of the meaning expressed

by its noun phrase. (i) A given title is so long that a preposition sequence
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Table 4. An Example of Automatic Subject Recognition on a Digital Computer.

Y]

@)

3)

* AN EXAMPLE OF SELF-ORGANIZING SYSTEM.
* AN INJT)ERNAL SORTING METHAgD FOR DIGITAL COMPUTERS.
* GENERAL RECUIZ;JSIVE FUNCTIONS OF NATURAL N([)JMBER.
*AN INTRODUCT%N TO STATISTICAL COMMUNfCATION THEORY.
*TWO DIIVfENSI{d(_)NAL ARRAYS WITH DESIRABLA.4E CORRELATION.
D
*PROPERTIES OF A NEURON WITH MANY INPUTS.
P M D

* UNIFORM ASYl\;I;TOTIC THEORY OF DIF FR}?CTION BY A PLANECSCREEN.
*STATISTICAL ESTIMATION OF THE INTRINSIC DIMENSIONALITY OF

DATA COLLEPCTION. "
*A PROCE§URE FOR THE DIAGONALIZATION OF NORMAIL MATRIX.
*STRATIEDGIC APPROACHES TO T]IfE STUDY OF BRAIN MO]fELS.
*A NOTE ONPTHE TWO ARMED BAl\fDIT PROBLEM WIQJH FINITE MEMORY.
*THIJ:EE LEVELS OF LINGUISTIjé ANALYSIS IN MACHINE TRANSf/IISSION.

P C
*k A COMPARISON OF METHODS FOR GENERATING NORMAL DEVIATES
P P M

ON DIGITAL COMPUTERS.
*ON THE P—RAISK OF THE DESIGN MATRIX OF A DIFFERENT SET.
*A NOTE ON PRESERVi’JI‘ION OF LANGUAGE BY TRANSDIEJCERS.
*ONZ;N APPLICATION OF DY]\I{IAMIC PROGRAMMING TO ¢

THE SYNTHPESIS Og LOGICAL SYSTEI\%
*ON THE FORMATION OF A CONVERGING SHOCK WAVE IN

A GAS OF ViRIABLE DENSITY. Y
*SOLUTION OF CALGEBRAIC AND TRANSCENDENTAL EQUATION ON

AN A‘iJTOMATIC DIGITAL COMPUTER.

{M—ALGEBRAIC E%UATION, TRANSCENDENTAL EQUATION}

* NEW _FORMULAS FOR COMPUTING INCOMPLETE INTEGRALS OF FIRST
P . M
AND SECOND KIND.

{R—FIRST KIND, SECOND KIND}
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*SELECTION AND ORDERING OF FEATURE OBSERVATION IN

P P M

A PATTERN RECOGNITION SYSTEMS.

*A GENERALIZATI%N OF ALGOL AND ITS FORMAL DEFINITIONS.

(5) *MODERN JZZOMMUNICATION]?’RINCIPLES WITH APPiICATION TO DIGITAL

SIGNALING. v i

*SCENE _ANALYSIS USING BY CONCEPT OF A MODEL.

* AN ALGORI]"IJ'HM FOR THE DETERMINA’I(‘:ION OF THE POLYNOMINAL OF
BEST MIEI\IIMAX APPROXIMATION TO A FUNCTION DEFINE?D ON FINITE
POINT SET. ¢

contained in the title cannot be covered by any combinations of the transfor-
mational rules. In our consideration, the function of the prepositions such as
“OF~”, “FOR”, and so on is not set up, when these prepositions follow ones
having a function of describing the condition such as “IN”, “BY”, and etc. in
the preposition sequence of the title. The role-indicator, therefore, must be
attached to the sub-sequence which follows the preposition such as “IN”, “BY”,
and etc. by the transformational rules. Such a case where the role-indicator
can’t be assigned successfully as in (i) is caused from the expression of the title
itself, then this problem does not stem from a defect of our system. On the
contrary, for the improvement of case (ii) there may be designed a suitable
transformational rule to be successfully applicable to segmentation of any title
sentence by the more detailed analysis of data.

(4) These are some examples in which “AND” is used. As the structure
of these examples in which “AND” is used is identical to the structures con-
sidered previously, the present method gives fairly sufficient result. As mentioned
before, however, there exists a few examples which give unsatisfactory results
because of incompletness of the analysis of “AND”.

(5) These are examples of which results are unsatisfactory because of un-
expected peculiar words or structures of a given title. For this reason, it is
considered that the transformational rule prepared in our system are determined
on the basis of only syntactic analysis. Explaining in more detailed, (i) When
a given title has a deep structure, it may happen that any transformational rule
cannot be applied to it. The last example in the Table 4 is a remarkable one.
For such an example, it is considered that new additional transformational rules
should be set up. But in such a case, there is the possibility that the role-
indicators which are established in this paper fails in expressing the meaning

of each noun phrase in the title. Consequently, there remains various problems
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unsolved on both specification of role-indicators and construction of the trans-
formational rules. (ii) Apart from the deepness in structure, it can’t be helped
that the obtained results are not satisfactory when an unexpected expression
appears in a given title. The first and second example of (5) give such examples
as corresponding to the above cases. For this defect similar to “ING” or “ED”
words, new lists of idiom such as “with application to”, “by (the) use of”, etc.
are registered into the dictionary. By these operations, improvements have been
made on this problems.

If an algorithm which conjecture the relations between semantics of words
and the role-indicators may be given, then it is easily expected that the quality
of subject recognition becomes far better than the quality in our system. The
informative retrieval system utilizing a natural language, therefore, must be
designed by taking the semantics of a language as much as possible into con-
siderations. Our system has many poinfs to be improved regarding the semantics
of the title sentence.



