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                         AB$W,RACT

     A new viewpoint on the info]?mation stoyage and vetrieval

systems yRainly fo]? the iase of ]?eseai?ehers is discussed. A

rcatherr}atieai fo]?rauXation of the tGrrns in the inforvaation

yetx?ieval systems is p]?e$ented. TheA a praetieal infoz'mation

sto]page and reti?ieval system, $o cal.led MIR-RF system, is eon-

stx'ueted in aÅëcox>dance with the new viewpoint and the fo3Fmula-

tlon-. As k?aw matei?ials foy? MIR-R]] system, 1) the Å}'eseEt]pchGy

f"es are p]?Gpa]?ed by individual z'e$ea]?chey$ oip gx}oup$ of

ye$earehG)?$, and 2) the list$ of doeurnents aipe pieked up by

teesea]?che"f thevaselves f]?om theii? iRtex'est. 3) F]?om the title$

of the ltsted doeuraents, the key words ox) key ph]f)ases atr?e ex-

tx?acted by a newly designed automatie indexiRg systGm REKWES[V.

4) The i'etyievals a]f)e carried out by the mukistage uses of

the several kind$ of assoeiations betweGy} the two file$ p]pe-

pai?ed in l) and 2).

     In this $ystem, the reesea3f)cheyes own kltowledges, views

and insights about theiy fieids of studies ean be 3?eflected

with minimal effo]?ts. As a byp]?oduet., some mate]?ials foy? eon--

$tir}ueting the genekpal thesatkz)us aye aceumulated.



X. XnicscoductioR

     In neariy all ]f?esGa]oeh aetivities, it has already bGeome

a flxed ]?outlne to publish the vesults of ]peseatr?ches as pi7inted
                                          '                                                       'document$ and then ipestait?t the next stage of yeseax>chos by using

the px?evÅ}ously published deeuynents. Whe published docgment$

aye ]papidly ine]?easiRg in nurr}bey and in vaipeity, and researcheys9

apeque$ts as$umo eontinually vaipying, developing and evolving

aspeet s.

     HGnce an info]r?rnatSen $toyagG and ]?etn"eval $ystem $hould

be designed so as to be adapted to thi$ va]?lety aAd quantity

of aspeet$. X"n eon$t]?ucting an info]pination yeicrieval system,

the most es$entiai and labouying wo]pk i$, as is welk-knewn,

to make and o]?ganize data fUes such as doeument lists, key

wo3?d$, thesau]f'us and othej? dietiolta]?ies. A new information

k7etyievai system shoivzld aiso give a solution to this pR?oblem-

     Xn the p]pe$ent papek?, we pyesent a new viewpoint of imfor-

matioit yetipieval system$ and thei]p uses and yeport $omo re$uits

on eomstyucting the infoi?mation ]?et]?ieval system bas@d upon

the viewpoint. WG $hall eall the infoipmation i?etrieval $ystem

together wtrh the viewpoint a$ MIR-RY system, whieh is an

abb]peviation of ?Muitistage XnÅío]?niatien Ret]?2eval system ba$ed

upon Resea]pchey YUes'.

     Ouy fundamental attitude and ipequi]'ements fey the info]?-

matiolt ]f'et]?ieval sy$tem mainXy fo]? use of ]f}e$ea3pchei?s a]?e as

     l). Whe system shouid and can refleet the knowledges,
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views and insights of the individual yesea]eehei?s and/o]p reseai?-

eher groups.

     2). Zn spite of the flexibUity in l), the systera should

not beeome a burden to the ]feseaipchers, in p]peparing and making

raw mateyials for the input data fUe$.

     Readey$ may feel $omething straage to oui? attitude and

requi]pements. The authoys, howev@r, believe that the infoip-

mation searching aetivity of the researehex7 is on@ of the most

subjective aetivities among all the re$earch aetivities, aAd

the sueeess or faUuipe of an info]pmation ]?et]?ieval system

depend$ on the eapabi]lty of ]pefleeting the subjeetivity or

indlviduailty.

     In implementation of ouve MXR-RF system, th@ autl oys ]?esr

tyict the field to be dealt with by the $ystern to fundamental

info]prnation seienee, which is the autho]?se study field and

eonsists mainly'of infoymation theoi?y in a lta]f)rowe]p sense,

mathenatieal neuron seience, eont3pol theory ineluding game

theor"y., stoehastic proÅëesses, pattejpn recognition ineXuding

$peech reeognition and statistical multivariate anaiy$i$, and

language and automaton theoyy.

     In Seetion 2 we Ulustx)ate an outline of MM-RF sy$tem.

Xn Seetion 3 we int]7oduc@ a new autorcatie indexlng system

REKWES[il. Xn Seetion 4 we point out the necessity and suffi-
                                                            'eiency of reseaveeher file$, give a mathematieal fo2?muZation

of terms eonee]pning the infovematio!:• i?etrievals aRd diseuss

the function of the multistage rety}ievals.
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2. An outiine of MXR-RY system
                                                                t/
     As stated in int]poduction, MIR-RF system has been designed

so as to be able to if;efteet the researche]?s? knowledges, views

and insights with minimal efforts. oro keep the yesoarcheys

effox)t minimal is vitaZ for the eontinuous iife of doeuraent

ipeti7ieval system, sinee, x"o3? the researehers, the document

$ea3Fehing activities aye everyday Jeobs, but not, as a matter of

fact, all of th- eii? vees@arch activities.

2.lde Re$earchersgjob$

     In MXR-RF systom, thGre is ltot mueh to be done on the side

of the researchers. Theii? d.uties arey restricted oRly to the

follewing:

     l). Wo ll$t the doeuments, in which the yeseavehers feel

inteipest, ik such forms of the refejFeneos oi? bibliographies

as in $cientifie Papers. Xn sub6titution fokp those lists may

bo adopted sovae exi$ting lists of doeuments such as the bibli-
                                                 'ogi?aphies at the end of books or papers suipveying a field of

study. Moreoveip the researehers can be allowed to piÅëk up

only the narnes of J"ournals. AU the requir)oments fox) eaeh

entity of the lasts of doeuments a3?e to eontain a) title,

b) author(s), e) name of jou]Fnal, oip publisheve (in ease of book),

d) yeai? of publieation, e) volume, ltumber, page and kanguage

used. WhesG list$ of doeuments eon$titute the bases of data

files of MIR-RF system.

     2). To ext]?act key wo]pds or key phrases frorn (and on)

the books or papers read cayefuUy and o]pganize them iÅí nee-
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essary. Xt should be done at each time whGn the i?esearehe]f?s

have finished x'eading. The key words a]?e o]?ganized in tipee

stipuetÅéix'e$ as $hbwn in Fig. 2.l, although, eoneepts a]r)e u$u-

aUy eomp]?ehended as a klnd of graphs ox) Retworks. Whe coll-

ectioR of these data eonsttcutes the yesea3?ehey files (RF).
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     In Fig. 2.l, A, B,..., R in the eii?cles ctenotre the key

woipds oi? phi?ases, l, ll,..., 2Zl2 above the eireles indieate

the i?epre$entations of the trzaee stieuctuye$ in the fUe RF,, the

left key words oy ph]pases a]?G highei? concepts than the ]?ight

oAGs and thG vej?tieal equals ig denote the ]?elatioy} of equiva-

lenees of eoneepts.

2e2. FiXe consexucicieft

     Now these raw matei?ials prepared in l) aRd 2) ai?e punehed
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i ft

2e3

cai?ds in designated fovmats as shown in Fig.

e

     k5X 5ee g ewee eskk&eeeceege ex&eeE$ twXYeeffljY $ggeg
     2SX 5* X $ee&ge&EYeeXss$ca
     3SX Sge X ee&YeeEee&Ygecssk geR#GewrwieegNGde
     eg5k 5* X ee k9?3 2gega- xe9as 3ajb

       Fig.,2.2. Contents of doei.kment li'st

2e2, aitd Fig.

PA\scSeqYSee

        9Sk S*Z za gevggeERAYWE GAptE
        gSa SO 2 g ecgesgeSwaA"if'gVE ee--PERSifee eeAeeE
        9SX 5ge 3 gk eeesX&eeecEee ijAeeE
        geSX 5# aj k2 C#RE
        9Sg 5# 5 X3 ljXYS$gYV $gitE PA\eeffeeY
        95X S*Sg3 tw,,ee.$.
                Flg. 2.3. ContGnt$ of RF

     [rhesG eoUeetions ef punched eayds ax'e stored in a magnGtic

tape a$ a ma$teip fUG (MF). Xn this sto3ping proces$ key wojpds

ox' phx'ases aye extyacto.d fuUy autorr}atieally by an indexing

systen so called REKWEST, to which we yefer moy)G in detail ln

the next seetion.

     F]?orn the mastey file (MF), fou]? kinds of files aye eon-

st]7ueted. I) Doeuyltenic file (DE?). each entity of whieh eonstk•--

tutes of title, autho]?(s), name eÅí jou]?naX oy p"blishe]fts and

other items on thG document givGn in Fig. 2.2, and whieh is

used as output$ in yeal yst]pievals. 2) Key woyds (phifases)-

ftr?om-title file (TKF) eaeh entity of which ts an output of thG

REKWES[r. 3) Resea]peher fUe (RF). 4) Autho]? fUe (AF) whieh

1$ ayranged in kexicographic ordeR?. ARd then two kinds of
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                    •r-' 1inv@rted flles (TKF)

RF, respectively. The

whoie fiow diag3pam of

Fige 2e4e

 IERROR
coRRI:,crexoN

 and (RF)pti are const]pueted fi'ora TKF and

 ordei?ing is again lexieographic. rohe

fUe eonstruetion pipoced"ye is given in

                   N l[.
                      DIP DocumentMle   Master FUe

#9 and/or ltNff5

e

ue

REmaSrr
"

i

 ERROR I
        lDE[l]IECWIONi

DOCUMffNTS
 LISM

Fige 2e4e FUe

TK}F

Key Words Fiie
fyoni Witles

(TKFi )-'i

Xnverted Key
Woy'ds File

  lj RF

Reseayeher
Nle

construction

     AF

 Author FUe

p?ocedure

(RF)thi

Inverted
Re$e ayeher
FUe

2.3. Eracox detecitieit

     In MXR-RF system, some kinds of e3p?oi?s are dGtected as

shown in Mg. 2.4. The deteetable eipror's are foymat eriFo3ps

and laeks of entitie$ of docuinent list. And at th@ $ame tim@                                                              ,
fyom the first file updating,, MXR-Rff system give a warning to

e)?x"or$ or ambiguous letters. rrhG ambiguities oceww in px"oee-

ssSng titles of papers or book by REKWEST. The e]pyoi?s to

whieh MXR-RF system gtves a warning are th@ nisspeUings of
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words and names of autho]?. wrhe pi?lneiple of the detoetion

lies in the expei?imental faet that the same mls$peUing rareiy

oeeurs two ox' raore times. This faet is widely aecepted.

XR an expei?iment on about 700 doeuments, we eould not find

any e!)x'or in those woipds that oecurred two o]? move times.

Usually this faet is applled to thG input data eonst]?uction,

in the method that the same matGntals ai?e punehed by two diff-

e]?ent punchei's. In MXR-RF systGm,, however, in ordei? tro save

hurnan powe]p, we adopt the inGthod of uslng tho" p]?eviously

obtalned invei'ted files. If a word oecuys at fitr?st, that i$,

if the woi?d 1$ not found in the lnvets?ted file, MXR-RF system

gives a war'ning to it.

2.4. Questions for MXR•-RF system

     Usexis of MIR-RF system can quGstion on the doeuments by

l) author(s), 2) name of J"ourital, 3) logieal eonnections of

key wo]?ds as in the usual ret' rieval system$. And also ug.ers

can question by a title expeeted as an answe37 frova the i?o.tni-

eval system. In that easG the title is resolved into 'key

woj?ds (phyasGs) by REKWES[r ju$t as in tho lndexing, and the

set of such woveds ox' phteasos i$ px'oeessed by automatieally

assuming a logieal Åíormula connected with logical 'and'.

3. REKWESW indexing sy$texrg

     In this $eetion we p]?oposG a new autoiBatic indexing system

REKWES[rr. REKWES[V is an abbreviation of REfoi?rned KWES[r. And

KWEST is an abbreviation of Key Woz'd Extraeted as a String of

Te3prns. rehe undeylytng sy$tem KWEST of ou]? REKWEST has been
ww

         '
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reeently intpodueed by T. Watanabe [l], in orde]p to deerea$e

the ]pedundaney of thg ti?aditionaUy weU--used indexing syst@ms

sueh as KWIC and KWOC. Ms main idea ts to ext]?aet index

teyras as fo]pms oÅí word string$ by deXeting app3pop3piately des-

ignated stop-words fz)om titles of documents. Hi$ idea oÅí

ext]pactLion of index te2?rr}s as form$ of wo]?d stntngs is aeeepted
      'imto oiAi? system not only because his proposition is agi?eeablo

but also beeau$e it. ean satisfy anothe]f? point of view of oux?s.

What is, we know and yeeognize by evei?yday expe]pienee that

theye is a trend that the more famUia]? the eoneepts beeome,

the more f]?equently a3?e they expressed in the foyms of woi?d

stx?ing$ without prepositions. And aiso it u}ay be said that
questioRs in ipeti?ieval$ beeome mo]pe simUay to sentences ofi

natLzi?al language. We believe that the totaZ z'edundancy in

indGxing anCi ]pet]?ievai should eonsidei?ably deeyea$e.

     The ianguage to be dealt with by the p]?esent singulayizer

is yestirvieted to Engli$h. For ovijp puypose, at the staz)ting

point, it is suffietent to deal only with English, siltee w@

can $ay that about 95 oi? moye pei?eent of documents in ou]p

fieXd are w]?itten, oi? at least have titles, in Engli$h.

     Now let us explaim the outline of our REKWES[ff systGm.

Whe Mow of jobs in REKWES7] is given in IPig. 3.l.
                                                        '     Fyom now on we use a te]pyri Vkey string9 for 9key .wo]pde,-

e$tring of key woipds' oi? Vkey phvease?'.
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(KWffST)

title SZNGULARXZER
DELE{IiEROF

$Top-woRDSl
PROCESSOR
OF QUASX-
S[IiOP-WORDS

 key
words

Figth 3ele REKWEST iRdexing system

     A$ in the abovo Åíiguye, REKWESW system ha$ two more stages

of pyoeessing in addition to the oi?iginaZ KWEST system. One

is a slAgularizer of all Roun foym woyds which eonstitLkte a

title. And the other i$ a p]?oees$or) of qua$i-$top wotr?ds,

which i$ a notion newly int]poduced in MMrRF system.'

3.l. Singukaxizey
                                                       '
     WG adopt a singulak?izey" to add to o"y indexing system iny}om

two pR.krpos@$: The fix)st is to dee]?ea$e the numbe]p of 2ndex

te]?ms and the soeond i$ to eoxnp]?e$s the size of thG dietionary,

i.e., the list of $tep-wox'd$ and quasl-stop-woyd$. In faet,

by the adoption of a slngulai?izer., wG have seen about 32%

deerease' of index teym$ in thG ext]paetGd samples which eoA$ist$

of 700 documents eollected by Wood [2]. The deereasing yate

of size of the dietiona]py is not woyth mentionlng, sinee the

total $ize is kept within a vexey sygall size. At any yate,

by this simple singularizer we have achieved eonsideyable

decrea$e of yedundancy in doeument ]?etr]pieval systems, at the
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stage of prepx)oeessing.

     English nouns a]pe divided into those with yeguZar? plurals

and those with ijp]f?egular) plu]?als. Henee a kind of a dietion-

ary is necessary to proeess the latte]?. We have seleeted and

summarized 30 $ufi"ixes of nouns by using the Inveyted English

Dlctiona]?y [4]. These 30 suffixes play a role of a dietionary

in our singularize]?.

     This simgulai?izer with such a small d,ictionai?y ean bG

said to be sufficient foi? ouy p3pesent purpose, i,e.., foy pr'o-

eessing of the field of fundamental inforemation seienee. Xn

fact, we eould not find any essential example of misproÅëe$sing

oy undei?px'oeessing ln a pvactieal experiment of thG singulay-

izer with about 2,OOO doeuments. Deteeted rnisp3?oeessings we]?e

on words other than eommon nouns sueh as ttowai?dsg, edoGst,

Gyies (a narne of authoi?) etc..

     [Vhe pi?actieal application of the singulaj?izGj? is ]?estyi-

eted to words with 4 or) mor?e length, in ox)de3? to pi?event

$tyings of abbyeviated notation f]?om being oveippi?oeessed.

3e2e StOPptWOrd$

     Whe stop-wo]f)ds in the usual autoraatie indexing $ystem$

sueh as KWXC aye $elected by taking into aecount of the f]?equ-

eney of oceui?rences of woyds. Roughly speaklng, words with

high f]7equeney oi? low frequency avee picked up as stop-words.

In ou]? system, howeve]p, we do not adopt sueh a statistical

c]?ite]pion. The reason is that we have not yet suffieient data

to adopt sueh a ej?iterlon, and we are afraid to lose meaningful
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woi?ds. We shovild, in our' retyievai systere, ta.kG eai?e not to

lose info]pmation$ in oyde]? to answei? vaipleties of reseayeher$?

requests.

     In REKWEST sy$tem, fx'om these viewpoint$, we have pieked

up about 80 wo]pd$ bekow:

     l) p]r)eposttion$ exeept 9upe, ?downg, 'toe, altd, 'withoutY,

     2) a]ptieles,

     3) eo-ordinate Åëonjunetions,

     4) auxiliax7y ve]?bs,

     5) nume]pals fi?ore one to ten,

     6) personal pronouns,

     7) intei?rogative except 9howff, ?what', Wwhieh', and 9wheRft,

     8) piponoTnlnal adjGetives,

     9) some other adve]?bs and adjeetivGs eoncGi?ning degree$,

and sevae ingifo]f)ms wo3?king partieipially and pyepositionally.
                                                           t,$
    Note that some p]?eposltions sueh as eto? and Wup" and

intGk?]?ogati've$ aye exeiucted f]?om the list. [rhese excluded

wo3pds aye to be p3poces$ed at the next stago as the quasi-stop-

wo]7d$.

3.3. Qua$i-$top-wgxd$

     The e$senee and diffieulty of indexing systems such as

KWIC, KWOC and KWES[V lie, in fact, in $etting up a e3?itek?ion

foy' the stop-wo]f'd$. Undex' a loose e]?itei?ion a ti7ivXal ]?edun--

dancy oceuys and undey a 3pigid erite]pion a vital infox'mation

].os$ oGeulros.

     Xn oiFde]p to improve thesG system$ without appeaiing
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statistical methods, it is necessary to develop at leas•t

syntaetical.consideration$ on titles. In genex)al it i$

nece$$ary for the more $yntaetieal consideration to const3?uet

$ome iarge and complieated dietionary. In our system, however,

it has been attGmpted tQ use the notion of qua$i--stop-woi?ds

to make a step toward a syntactical eonsideration by keeping

the size of a dictiona]?y as small and simple as posstble.

     A word is ealled a quasi-stop-wo]?d if it is delet@d under

a contextual eondition. The foUowing three kinds of words

a])e seleeted as quasi-stop-woyds.

     I) ?tog, Vwhene, ehowY, ewhate and 'whieh".

Whese woi?ds are not daleted if they oecu]? in form$ Vwh@n toe,

vhow to', etc, otheipwise deleted.

     2) wo]?ds ending with 9ed' ov eblee.

Whese wo3?ds a]pe deleted if they oecur in the i?ight end of key

$t3?ings, otherwise not deleted.

     3) ekinde, 9notee, estrudy?, eremax)k', ?yesulte, ecase?,ete.

rrhese words are deleted if each of them oeeu3?s alone in the

output$ of the deleter.

     By means of th-is simple p]poee$sor of the quasi--stop-words,

the yedundaney of index tepms deeyease$ to a ee]?tain degree,

without losing meaningful words in so]ne other eontexts.

     Remark3.l Amaindiffei?enceoftitlesfromtheusual
sentenee$ lies in the faet that in almost ali titles vei'bs are

t]pansfoymed into nouns or neglected, and subjeets are also

negleeted. In ]?eturn, some p]?epo$itiens are supplied. Con$e-
.t

 '
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