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Abstract
The distances between words in natural sentences were measured by the cooccurrence fre-
quency and were represented by a matrix., Eigenvectors, obtained by solving the equation
Ay=:4By, gave coordinate values of words and sentences placed in a semantic space obtained.
these points quite agreed with intrinsic properties of the linguistic pheno-

mena sampled here. The approach promises well for the future of the computational semantics.
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Fig. 1 Configuration of Words in Semantic Space.

* An Approach to Computational Semantics of Natural Languages, by Hirohiko Nisimura and Shuichi Iwatsubo (ETL)
*OEAERE - MAGRBRT - AR E

127



128 % #

R TH T, BEBEBSEOBERIEKRDO~N7 bk
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Configuration of Sentences in Semantic Space.
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Fig. 3 Joint Distribution Matrix of Words and Sentences.
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St THHLDEHALIET 2 -DOXi3H 5 BEE
HIFATEIRT 2, £%2%. L THEICRETL N
1XERBELT, HIBMEBLEOLLEEDOXLILETE
NT2h (V) 2FRL ML (Fig. 3) 2 1F5.
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9, 5) WitE cﬁ("*ﬂf ot TB5H5F0
DB —h, ZO--BOBREBICIH>OWTILETH 7L
5, TN oOBERTWICERL - EHEZERT 3
LDLEZOND. ThHOBEN BHrOFOBE
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D%, TNEFNEYRIEFLBO~»ZIT, H¥T2
BIZEL S LIGEL, HELLBOBEEE S LIZEIES
3&5i1CT5. zORR Fig. 3 ICRT & 60, M
ol (V) psfaggiRicEdid s, 5L TR
reEFNEREL, BMEL IS 1 RFOHED
KNERBRL TS Z 212182

TOMBEFEXIT, EEICRAHERICXS>TE
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SNBDTIRELT, WEEHEUIN2DTH S
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(1) pigEZEACEAIN:, EHMOXE (&
SHEEt) dOoNAXFENEELT 5. HERE
HEroD 18 FE TORY EXFHIDE X TAl
Iha.

(2) WL OLDBENLELAT, RIEFTXUS
h7cdboEXET 5.

(3) ITNTOBE (RITVFE) 035, LEIKER
B o2 EAMELT 3.

(4) BEDTar546TRE, EXBMBEORKROE
BobERE 100 35 GHEZORERLE L Tl 100
x100x2 FEELZ) LT 5. XOBBICIEELD
HIFRIZ 250,
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(a) ZDXORHITIEEZFHTL 3EARBGE
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CRFTZHDTIFNULI S, Osgood? (28
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L&A [EK] LEATVE. LpLZ T TIREHD
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oo ABHRB 2 hc L AEZ Sh—BHOXDLC
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L),

HWREFTLIEEBEBELTROEE S HABERTE LA
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Table 1. Sampled Sentences

. Number of] Running | Different

Group Subject 'Sentences | Words Words
8 Computer software \ 13 291 \‘ 247

f Computer hardware | 14 375 293

o Steinbeck’s novel 19 285 261

x Bellow’s novel ‘ 14 \ 303 \ 259
Total | 60| nz4 | s
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Fig. 4 Flowchart.

L BBEILOHEBALDNDAESRDOT, ZOER
TIREDHZTEBOLELRA. FEOXER,
Table 1 {3 & 50, MODRL-AFED h5 L
NENIZRFRILKE X2 & D icdifernc & -7
ZNSDBIIRES (5.f,0,x) 25X /. CDILEFTE
AREFTRE—LTHV LN S,

5. WMEBFHE

BE INFFEOEARE 80 MH— FICEALT
HEBOANE L. £LTUTOEIN (Fig. 4) &
Lieh->THRIBL, B EREREES X UREARX
DOEER7 P VO (BHROKNTFARR) & LTHE-.
IS DR X X IK/RL 7 SHRZEMTOREMTH
3.

* 2)

s-----Computer software
P. Sherman: Programming and Coding Digital Computers,
from page 407.

foonnn Computer hardware
W. Buchholz, ed.: Planning a Computer System, from
page 117,

Qeeever Steinbeck’s novel
J. Steinbeck: Molly Morgan, from page 53.

x-++--Bellow’s novel
S. Bellow: The Gonzaga Manuscripts, from page 53.
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Table 2. Program Statistics (by Facom 230-50)

Function Language f‘l":‘:;e Program i %bo’fg; Program Time*

(2) Word Segmentation COBOL 185 | 8,322 1 5m 30s
(4) Alphabetic Ordering SORT 5 ? Om 19s
(6) Alphabetic Listing COBOL 41 3,802 3m 49s
(7,8) Selection and Matching COBOL 273 10, 582 6m Ols
(11) Computation of Eigenvalues FORTRAN 236 ? ‘ 5m 44s

] [ | | Toul \ 21m 23s

* Compiling, loading and execution

(1) BAXORMEA XFEEH- FICEALT
3. REEREATRY-TH L. XKOKIEFIIK
DERE, XORYID & LTEELS B AN,

(2) BEOWHIHL XORHLOBEEYHH
LT, SHEORD LTI DBEIN TN AXDES -
2 NBIEICHMES — 7 (3) k& & h4 (COBOL).

(4) BEOLWS~,Z BES ABCIHICNLS
~MmZ % (SORT).

(7) EXBEO®EE ABC Jic?s » - BiZE 5
—~7 (5) ZHHIAATRHE-XPTOELBELR
o HRBEREOHEMNYD (WL 2oXicadIhick) 21
T3 EMOOREOCSOMSIHICEARBEL LT
&3t (COBOL). FEARBZEILAT L ILAD DIFICE

T DLBERBD. LALEAD /NSO BEEIIHE
ERONSOOTEREENKRENEEZEZ LN T
DEBRTRAN 35 EBOZNENOEMNDIZ41~5T
Hote.

(8) RLH EABEDOY R M E, XFSOA-
TW37~—7 (5) AL, ZSEAMENEDOER
XEEHEIN T3 h0OMER (9) 2E-THSHT
(COBOL).

(11) EEEOHE EEREORRIE” itk-T
BEHEEAERD 2. EHESABBEX7 brvESEK
HEICWLTETENL, RKiczhekkoF—
7 (12) K THREAXOERL I ER~RZ b
N A,

ZNDICEL KR 2 Do Bk 4 Table 2 z7R
9.

6. WRIMN

O LTHB SN BREMICSRABELEEAR
XAEMBSG -0, il Fig. 1 X Fig. 2
Th 5. ZOBEMNBBRIT TR M, LTI
AN ERERNS.

(1) BEHREMOFRADIICL 2B, EHAE

BosEL, hOXOXICHFHFIZETh I HDTH
5. mEE LTRER, EH REARLTH-T,
X - BERNSEESE L, XOEOERESH S
FI5W0. 22 TTDo0 be B, was » is & A4 Bk
LT3z LicEBE & FiE/NG x, BFIzatE
BB O EHE ST TN D

(2) BA»OEOEICH ZBER, Xtk-T
HEHOEASCE LM CLDDHFEEDTHS. L
MoTXPBOMRERSHETSTE. Loz, &
ZBEET A UTHE NI BT 2 BigEE SR
HELTNS. o &id, choDBENS 31
E0Eb SR, THOLLEREELTH S E
ERTHIDOTHZ. INSDBEBIUVZDETIX
PELBE OBEMOF NN > THRAH»SHN TS
PEBHINIE, ThEhoEEmOtE LTI
£,

(3) XHTBNcLIZ, BEEOXBLIUHED
PR IE, JEHEICIIE 1, F 3 HOHEOERDHMAN
bETRENS &Y. Zh% Table 3 [TRT.

(4) Ewk2M (Fig. 1, Fig. 2) th o R
HEhUTHZBGE (72X 2 1F dividend, divisor, quo-
tient) {2, SEIOERIZHENTHLDIZ T h%
LTEXHICHBRLTHE 3D TH-T, Licdi->T

# 3 BWEHESTTOIMELE(EAT L 3 XEENELO
B o—2F>BATHIRT 5. RFIRGWUEIIEARBYUE, FHKRGO
RARYE ST 2BARETHS S (NHORSRENICESIMHUNES).
s8 Computer software

Therefore, once the test data have successfully passed through
the program, revealing the absence of gross errors, variations on
these data should also be used.
$13 Computer hardware

If the left-zeros counter contents are zero, the dividend was
shifted as far as the divisor, the quotient did not overflow, and
no scaling is required.

o3 Steinbeck’s novel

For two years they waited, and then their mother said he must
be dead.
x8 Bellow’s novel

This limousine probably had run on the boulevards of Madrid
before Clarence was born but it was mechanically still beautiful.
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Table 3. Characteristic of Each Group

Factor
Group Subject
Y ' 2 | 3
8 Computer software + ‘ +
f Computer hardware + -
o ‘} Steinbeck’s novel - o+
x Bellow’s novel |- [

Table 4. Variances

7
Factor ’ Variance ‘ Accumulated Variance
1 } .109 1 .109
2 ! .086 .195
3 L0768 ‘ 271
4 .070 L34t

Table 5. Eigenvalues and Analysis of Variance

| N | Within Iw R
tween roup ithin
Factor| gg:’;g;':!n Eigenvalue Group Between ; Sentence
Variance ‘ Sentence | Variance
‘ E Variance
1| e | .4 | 214 156 \ .570
2 .584 .34l ‘ .245 | .096 . 659
3 | .546 ,298
4 l 527 | 217 ’
z DERICET 3L E D—DDEEN A 7 Y — 128

T3, xhDTROEVBETHZ L5,

(5) HEHxhf-H#E% Table 4,5 [TRL, ¥E
(IR ATTIES. §7 Table 4 TRAEABED
HEEDLZ T Mo, boﬁwkumﬂax—ﬂ
TRETXB L EMREINTVS. THROHEBE
éEﬁ®?B3@6§Lm,dbb®40®E?(!
HXZ M) FOTHRPTEZCE0bHD, i3
WETEARIETH Z.

S Table 5 T3 MBREKE S BT & DR X
NTH3. HEBIFRE 656 I EBEHEEF 1 ~7 b
w@ﬁﬁﬁ%dﬁtt%@ﬁﬁ zhid Fig. 3 itk

20 (V) osmoRBERTH L. h
#mmﬁwﬁﬁﬂ Pl STBECER, EXENE
NICHEORELRSEATNWATZ LARTHOTH S

IhEILIEARLTADZE (B1 X7 FLOffElc
BLTi}), BELFEO T XToS2&055, B
KL BENM 2%, —DDEDLIOXICLEZES
DEH 16%, — DO DOXOUHLOMEBEOI L > ENE
VoD 57% WS T Eiiss.

&4 POKEB CURk 8) TIX, HM—0ORd D L -7~ #ic2
T, ASICMOABIGRE 948 MiFoN .

n i1} Mar. 1970

T H KX

TRV BB EFHRREE L, RETkD o
BILEHRO D B, ANEBOLNWEA/AILKL TS
ZOFERESR, TRHNF(LHEEPHLY) DAFT
EROBITICELNTE L DTHS. hid Fig. 3
D& (b HAAPHEORIIETIIMEE
TEW) EHZONIEER, XEHEBELOHNEOD
HMBEMBRKIZL X512, —D2—D2DX, —D—
DOBEBILE N EFhOBEEN ST 2 LIS T
2. 1R LXERELOBO ORI MHIL, £DX
MNZOMELASLEAIE, VEEMNDER &L, £
DX FDOHELARINBNERITIR0LT 2.

CoMBEMIRE xiIcbB N kD i, D
(V) Z AR THARIRICI &~ & X2 RRIZE D
DTH->T, WOFERERTITI0.

Ax:XBx

T, ELS LOMEBERDTMRTHIT

»5. %Xmoufﬁtm EROFREHFELT
BT, E0XRAED L OOHEAMELITEAT
WBXIZDNTHR->TRELIcbDE, TDZO0DH
AHMEQHBOMIE L TADERICTS.

BRIHED:DITHA SN, BECETIH1T
FIThH->T, £ONAERREERBEDILIDEL

5 (FEMAERRITRTCTH D).

COFBRA AU ETILD TR EEE~S b
e HBRBSLNE. 7 AFLE L 1 ERENER KT
TEAEABMBEOMMTHD, ERIZ, EUREMIZEAR
BMEANE ST BEERTLHDE. —D—DDEEX
O¥IEE, FhICEFN TV I ERBEEOKEAA/E
LT LTS 6N 5.

B A BRI D TRITIE ~ THAED.

l’f 5) m ’Hi/ﬁ?\ﬁ* LTHiohis 3 Iz, %h%noﬂ#%ﬂ?}
Wi IC¥l zi(i=1~1), TNIHOBKX Sj 1IN yi(i=1~m) %
Bihd, HELE P(X=xi, Y=y;) 12 28%% & ORI IEE BT
FTECENTEL. BE PX=zi, Y=y)) I3 8,())/N L#X3. CC
T8 B

BAX S; MEAME Wi 280L X, TRLSHEEOR V H

BrEx 1

BUAC Si MEABEE Wi 283005 %, TUbLIHEORV

MignE& 0
ENBEINRE N REMD EN TULLHEOR V ORET
55,

Plkind X & Y FOMoMMER pxy 218 L. XS5ZOH
BIRMMBAICIE B X5 IC zi(i=1~1), yi(j=1~m) D 1% BRETS
DTCHE. (R~— IHFIZ>3K)
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8. HEEEWICOINT

HESERONEH» LA T, BRAOHARER=
2% 5.
(1) BTRBSFOEEORE. AHERD
SHESCDRICOVWTERLBDTH D
(2) »2EBREANNS~T2 miiituﬁ
KUKROMER. 7o & ZESCHR (6) &
(3) ﬁ%mﬁﬁomm¥&®m%-taid
#BeO TMEROMK] DRICEN .
COWMERKGEEY 1 HHERL T NEE
B0 HEO—DOF ERERONE, & ICEEDEK
HBEOFITCRIB L TALRRNIE—FTH 5.
RROBEHRRDOE L BAXHEROALBILE T
BRMEHFETERINTELY. 2R 2 INRNT
Wi E LT, EERROFBENRMENLSHETED

(Fif<— »‘/'mlﬁeoxrj-&)

L Ex‘y,P(X zi, Y=uj)
t 1]1

Pxy= 1 = z
/ S zitP(X=zxi)— (.2 xi P(X:x.'))
l i=1 i=1

1 m
—( 3 zi A(X=xi) ) ( ,Elv; P(Y-w))
=1

* - = .
1/ S v P(Y=yj)— (EleY 2/1))
J=

&ﬂ!}kl’ﬁ'%tb")ﬁ#

aa”g_o aa”"—o (i=1~, j=1~m)
XD, MROBMBRDEAHTIDTHE, EXATNS L
Ax=2 Bx
BAROLEAIBONG.
A RER
aik= g ‘M](—k) (i, k=1~1)
i=1 vj

122 IxX! WWFHTH L. T »j 12 vj=NxXP(Y=y)) (j=1~m)
ThHD, FHRALKAThAEAUEOERERDT.
B RERH
biizpi (i=1~1)
7&6 Ix! #maRTHs. 2T ni B pi=NXP(X=zi)(i=1~1)
, BRAREOWM D BEBAERDT.

zy
xi2 x:(f*) 157 L RILNRI b ATHB.
v ¥4
A, B 3RNELSBBUZ DD EMNTEE. COFBRAERNT
1ABORKREHIINTE (X O £ LI ERLEh
X,*
tﬁﬁ*?Hvﬂ=&f>%*ba
xi*

ZEA ORI
1
w=i, 3 di(izi* (j=1~m)
Lij=1
THEAON 3.
W2EA MU FTHT 2EER7 FavERORE, ok bORE
OBRIMESH, BROMTZAMT2EMTES.

HEE®RR

D R 133

BARLWSBEN S D, 7o & £ Osgood? DEBR
REATHE B0 M3k o7, L LA BAR (BRE) o
FEMLHKE D s ABRB LB hER B &
KOS EHDRAND -7

bhbhoRLDENO—2iE, AHOBHONE
A2 TE 27 H U REN 1S SENTE O Rl i % K
RTZLTHEH - BTHEBROLTAISFIAIL,
MPEFRE 2 ORANNEVM - KEMLRIEST 20T

5EEZ 5. £ ULTHHERICK 2 EEERLE
O—FlE LTOEEE S -TW 5.

AMOER T, “DXLHINSBEEROEF (b
WHEEBIRYTZ BN IEREG N, 351
BEERLTETD.

BENEOBEBE AERZIATHELLOTHS
DT, NERTLULOLBEICH L0 E S EBA
KDOWTHRETU7cht, L o—idk - B0 s s8R
BB 1DICZRBERERB LT NIENESED. &
EEBEFRRIFEFIZDINORZIVBDIEDT, /hx
DE*T B—RRNESERIRESNEH. ES50IER

Lz T i Hhih N EAVIrr e M Y BRS k7 —°
AW U oDl amET il Cond. 7

05 Ak L TRERXOEBRICHRIZRNIZLT
b, EINIEHLEIVDBSTEAREMBT S
MEVD T EE, BEMARBRIZLSTNERES SN
OTHRELSREL 12 5.

WMEYBEORIR o705 Alchi) 2EAR
EDRGBVBHROLERIIILELDI0ETH-T,
ESERERLBU ST A EMNTEIENSIZIFTY
WOIRVERTH L. COBBCERET ZRERED
BETRTT 57: 008D THEHh 5, BREEINVIS
BEOKXY, 23 HPULSLIMEEOERMED
WMENABETH L. BEOLEZIAIDLEIICRKINEK
FTOEEHBRER 72DDOEHIZ, MERTIC S
NEBROTBBARELTHAMOSN TR

FEABEARBIRT 2D D DK X OEEHSIH
1235 AL 72, ZODRDMTIIAKE LTHE

% 6) Osgood OMKMITHRETZILERWIRICLOLT, 1) X
WML MEL: (rating method) (L - THEMBT—2 %K, (2) M
EMIC L > THEOS W OEREXEL, ) RFMHEKL-TR
REMOBELMHTo60THS.

FEO—ARPOTZOHEEBRBIL DV THEAL TRRB B4
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