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Abstract

A methodology for modeling and clustering of large scale complex information space is
discussed in order to analize the structure of relation among scientific articles. An object to
be modeled in data base system “ANGEL” is expressed by a point, and a binary relation
between objects is expressed by points and lines in relational graph. A similarity matrix is
derived through operation of an initial relational graph matrix. And various similarity
matrices are produced from various relations in the information space to be dealt with. A
method which optimizes the consistency is proposed when these real number matrices are
combined. And another method is proposed for modeling and clustering by application of
characteristics of the relational graph. The performance of the proposal method was
superior to the interpretive structural model which applies a 1-0 reachability matrix for

cluster analysis of some scientific articles.
1. 3L oz

PRI & - TS 2 AP Ea C OB R 2 JUIRT 2 2 S I3 ERCH 5, B BEic B4 2 1
AW L2y, Mmmxmtbffto,i)v\iMmeMd#L70¢ HIMZIE, FiS
L WFge e &8 & 2T, &5 WIZHUEDMEI MO NI S0 DT E 52 Tw b
D& xS, BERC IS I"Jﬁ*"é“ BHGREEE 2 W1 & 00§ 2 IR OB Bl s 2 0
o, W0, FEDBURZ LB Ch i m e smmic L - Tid, BFe#Es 2 olEs 5
)’L’I"fi)i'%"\“f WHEB T 2 F T2 TS O OH52, 25 LaEsasBE L TTs 57207

P g TR R R & sz L.

o -

B OUNE © EIE

e OB E W L2105 20001, 2L DN A RISRIICIE L, FN e
AT e BETH L, Z2 20, MO 2 OB Z T ) 2 & 20fEr 4557 — 9 ~—
2z 3 25 2 ANGEL # n,m LBYWEL 22, RIS T, 5l E p 7 ;t/f-’ﬁfz T B, HH

THHULSCIR O SRCRE T & 2 R L TW B HFHTH Y, ARFFE TIHARERER % 5 2 Tilscrhos)

R R RS R AR O — A



16 Bz D&

AL EDETEHEN Thdr v il RLANTEL L "szo ZNT =T 2 E—
MRy e FEEBIH A 4/x7u/$_, M — R 2 L E R T — N — A L B 5RR & L ¢, CHki
DEHBAREEOMIZ 7 4 P Az lBic &8 7 — 40C ot%y\ﬂ}mf“]h, HHEBREOHRHERE
WOk ZEernTtasdlolch->7Twv3, ANGEL (- i%&if_,ﬂmeuameMW
CAM BH{RD# 2000 03U ERIE LCw b, Fofluz, Wibo CAD #FEEICT > 7 — | %
ENHDELRBED TN —T ORISR LN S 22 EHET > r— Mok - TIRIEL T L
b l2T—F 154 5 A » T B,

3. BTN

rsescOPFR 2 s+ HFe LT, oI HEET 22 0MERIZFHL, £15
DEFRE 777 L TETIMET B Z EICL T2,
3. 1 %i“}b{tmgxiliﬁ
ETNALDEEAFIEZ L TOESE TH =
(1) >cik 1&gk g mZIE!B’/%]H:z%ZZoo
2 ZoBFEEST, H X LERr T 7okl T 5,
(3) FExz OBIRICHIGT 28 77 7 2 4T0FERT L, 6 TNIBEDETY - L s
na,
(4) BFOETI 2 AR 5 L) ISR 5,
Tk, %7»%& —ARIZ 572 LW T T RS T o A DT 4, 2 T3,
3. 2 EEE{tETFI
[(EF 1] ESEIABERTNE A=lay] EERT L, ZEVWDO LRI TH B,

ARTICLE 123 4506
5k 1 [0 0 0 0 0 1.0
refer
refer 2 1.00 0 0 0 0.5
refer
ARTICLE 3 .00 0 0 0 0.5
5 18 = [hsij] =
4 1.00 0 01.02.0
refer 5 00 0 0 0 1.0
; 6 6 0 0 0 0 0
| ARTICLE] ARTICLE l IARTICLE ]
2 3 4
A CITATION RELATION MATRIX { when Wk = 1/k )
ORIGINAL CITATION RELATION
(REFERENCE) /ﬂ\
N2 .
SUIN 1
out™. 1 2 3 & 5 6  10UT-DEGREE
\ ]
0, 1 00 0 0 0 1 1
i
2 100 0 0 0 ; 1
o e 3 1000 0 0 |11
& é A= [aij} = 1
4 10 0 0 1 1 : 3
5 o000 0 1 [}
1
9 0 6 00 0 0 0 0 |; O
]
O e
DIRECTED GRAPK OF THE CITATION RELATION IN-DEGREE 3 0 0 0 1 3 |
(REFERENCE) DIRECT CITATION RELATION MATRIX

Bl SIHBRS 77, EESIHBIR A, SIBBERTN .S



IR RERE Likic & B 3frcko 7 5 2 2 54 17

ARTICLE
6

'design'

]

ARTICLE
1

‘design’ !surface’

'surface’

ARTICLE
5

'surface'

ARTICLE
4

ORIGINAL COMMON TITLE-KEYWORD(TERM) RELATION

JJ/ 1 2 3

4 5 6
1 o 2 1 0 0 1

(8 2 2 01 0 0 1

3 1100 0 0

(1) (s) 4 000 0 11

/ = 25 = Gsyj) - 5 000 1 01
0 © 0 6 L1 1 o110

GRAPH OF THE TITLE RELATION ITLE RELATION HATRIX
B2 4 FRBIRTT7, 4 b LBERTES

2T,
a;=1; ""l"rfi}{ POV TSI E AT a6
ZNLS D& A, 1)

ek 2] bl HRYRRATIN A S=Ls,] LERT B, 22T, su= Z wiealy A b 12720,k
4{{:’1},3&33}’:}11’7)&&\, at 3 ER koA E O, nsmax( ‘/e)w FoRAT IR0l 1), o 1277
AT, b RIZEL A WIERE L EE, Uk V/RSEDEEELZLDET 2, &k, af
13 A ;h; WA 0L AW S R T2 0L TRDEIENTES,
FIERH

@i % 25 Py 81 Py MBI, aly B8 Py AP BORE T olisEa s +5 &,
i Wiy 1F 3 Py %50 5 4 Pl-, 2 P,- Mofs 2 0ASEN M TH D, s, P, & P
DU & 8 Py 5 Py BOBSE 30710 Z 00200 @b W, @by ML Th 0T, # mH &
Wt al,ads s zmw;{;% B Lot T, L JUSOFT T kL ConltE KD B
R& 20RENMEA 2 b, DF Y, St @y @ XA MBS LT, @l @ (340 P.f i
WA M P, APy Bl 3oy /,‘:J'f’ﬁ‘mﬂi‘i['?jfﬁl oA, Wiz, Ar=A"YA L0, ahl3hd, g
MO S n OWSEO Iz L W,

(RiER A% 1))

B, A D e BRNB LG BRE AT LT K LARREEL 72,

LEgR 3] 74 M VBIRTY & 'S:[vb‘n] T B, I, oSymm kL, 2L, mIK

Wk kS DY A PoaRCHSBIZ AL T B Y — 2 Th B, (3 2)
[ETE 4] f’ HIRATH & oS =[asi] LEHRT 5,
38 = VoCEk § sk J AR RIC L DA
l%iLU/*V)%u L9 5, (43)

D EILZ, _ﬂb@f ARATIN A K L 72 B BIRITII 2 5 2 5.



18 HElDE

ARTICLE
6
AUTHOR A
ARTICLE ARTICLE
1 5
AUTHOR B
ARTICLE |] ARTICLE ARTICLE
2 3 4

ORIGINAL AUTHOR RELATION

2

(&) 1 (’o 000 0 0 17
21 000000
0 G) 3 /000 000
= 1S = [asigl = 4100 00 1 0
5100 0 1 0 0
(:) (:) ® 6 L1 00000

GRAPH OF THE AUTHOR RELATION
3 HHMRZ T 7, HRBEHETH S

DEdes ] maMEime R=[rn] 28T 5.
m:;CTﬁﬁ(%é 2L, e 3RS ARE, pOdERBCER TR k=3 L7,
1] ZoETFREGIRABRON SOz w+ 0k, a=a=0, p=0 Lz X
Interpretive Structural Model |2 %554 5,
(2] BEIEHREEC 7oy —% & 28603 4 J MOGBEEIHIC ST 2 Lo & L THl
m%%ﬁﬂ%*m,%mﬁﬁﬁ%+muktffzé
(FE3] #Ekoilawimm s 7 257+ SEBHAEIE R AMHRLT 2 LEN DB, 29 L
THRE N2 FBEEITI S 412083 7 7Z?ﬁﬁy‘Téo
3. 3 BAEAMErEELTHITIREML
RZ[mLVU:ngﬁﬁtL,%;Tﬁ”<f@&ﬁﬁﬁ@2ﬁmw e AT NS, BIHRBR (= 1),
TA PR (=2), FEEE ((=3) 20z -2 002%2 5, Zns &, Total
Variance= Between Variance+ Within Variance g H Y, 22l g=(n—1)n/2 2 L7
& = Between Variance : 1321 (Z(cl Sii— €St )3 > Within Variance : g é (crres,— 82T
BDL, ZHEE, A XTTTY 10)/}\&/}32’, Z ¢?=1& LT, ®=Within Variance+ A (
; ct—1) BRAMELT 2 {cd, A &3k 5, @fﬁ’

,_.



MBI (S & B2ARSCHRD 7 7 2 9 57T 19

‘(3“1>'1§?. 1§..'2§ 1§ 3§ 1
3 3 3
— (3"‘1)‘2§?. 25..38
p 3 3
(3—1)-28%.
L 3 ]

LT, D=2 1)C=0%2RTE LIV EI% b,
4, BBREKBFEEICL 57 5 RZHME

4, 1 BREOEH
JrEE e b o o R L R IER L HPEVI L IR AT L vwEe T bEEB L v 2 T 8
H#E LTIk~ 5,
(5356 ] #HeilzE X=[x;] LEHT 2.
Xy=  1/0d (i) ; B BBk 0d (7)) 50 Thue
0, TN E ,
tﬁt,tﬁﬁwﬁﬁf%o,itoﬂﬂzgymf%éo

[ERE 7] EERERESTE V=[] EE#RTE, 22T, yu=ax; £T b,
example :
i J 1 2 3 4 5 zy-
1 0 @? 0 0.5 ! @: =5:(6.7)
O— So1:(206) | 17567
2 3 0 1.5 2.2 0?
& @: 201:(3) v 125:(6.7)
3 0 4 0 6.2 0 ! 12: 4.5y | 1245
G
4| 5.9 2 @ 0 7.9 @: 6.2
o=V, 2431 (9) 453 (9)
5 2.6? 3.1 3 o !
; L R
z+3| 11.5 20.5 13.6 11.9 14.6 ®: 5+2:(10)
2551 (0) 52:(10)

: B=9/2=4.5

4 2 HEBIREREC L 57 7 A5 ok



20 P FARS R

LEd% 8 ] %%&ﬁW%ZZMJ&ﬁ%jéo::T,%:élmw@&?@

UEF 9] mTI2B0 5 @BIRES 2,= 2 25 &ERT 5,

7IAZ T T AL 2 HHOBREE I 4 5 2 BRRERTE -, Bt
ek & DBIGRIE & Sk - 5 2 LRAIRER TR 2 D2 BFE L 72,

4, 2 2EBREEEECLD25IE2PIE

ZOFETE, BRE znzzn((FR) L3728 RIZ7 725 > 7E3 b, DX,
BT NEDBESL A BN B

UM L] AT 2 DREKRMBEAERL 2N E 20 £ T 5,

(MR 2] 2o & 20 2L T 20 SR EFAUTH R 7 TAT RIZ 7 T2 5 ) » 7B, 2w DY
KETIUEH R 2FI2F L7528 ) TENB,

B4 BB A RS, 27T 280 ZHEORE b)) RIS A D Rz & Th
4, 3 =BRERBEECL DI RLAHINE

T 7 7 Z W0, DF VRIS T REME v ke, EBRE 2; OkEL LD LIEICHE o
b 2, 8D DI EDFL & DR DRI, HKPARE L5 2 527725 0) > 7
2B, WMHFNROREEL,

(FIE 1] 4PBEREE 2 2T A B VEIE w RS Js Us=h, Joy oo y T ET B

example : u=2

1 : 1»2:(4.5)
3 A
Zis 15:(6.7)

5 }‘ 155:(6.7)
1 0 4.5 0 0.5 ! 2 32:(4)
O— <§!!? } 332: (4)
0

v
3-5: (0)

4 4%2:(%3
0 6.2 o ! 4552 (7.9) 435:(7.9)

5 2.6 10 3.1 3 o !
_ : B=4/2=2
z* 4 11.5

/ﬁ R\ t B=(6.2+7.9)/3%4.7

B5  ABREKRECL S 79 279k



Tl B RREEAL R & B TR 7 7 2 8 40 21

LTI 2] 3D oeid—FFk s 2l H—r 72 DI T T AT v ’/“5“%0
H5icBMB 2Ry, s 728007 ) DEHRUERE M AT 2 Tz 20 ), 22 7 T 25 Dk
HEL ), gl T AL *Elﬁﬁé R DTT E B DTH B,

5. RERBRCEE

FEHR |2 Al i‘JLf’ 7 — 212 CAD/CAM B oo il s B & fhole & L7 231 30k Th B, 7o,
ARB DD B 5RO LB H 508 9 B HEEY 2 By T, BEHEEo
140 SCHRIC DWW TR L 72, B 1 205 WOEMEI L2 L0 0—RETH L. LT L 4
NG 584002 — 33 5 2k Dtk B T '< , HBIC Lk o T Aol HJJ/%‘%’C‘%

WL L /o 7 DA L SIZIER S DB ELEZ LN D, U Eo0EMlREEC LY 9 b
Lok LTl L T A4z, et Citation Ratio (1 1 invlk% OB Y TH A, *'L~J~/m M

140 STk J7 A CAD/CAM 231 I L C2 B DB HOKE U D& b b Z L &1
o Twvd, BT, g 2T 5k,

JISM T L LB RS (L S AT STk 7 7 A ZAGIZ I T B T SR
217‘:0
2. WMEMBREEET LI EEMYH L THD EEFR S NS, Bz, CAD/CAM o4t
133w (72.2% 86.6%) #hildh - 72,
3. BB 7 T 2 Fa T L) AR TR L L BIRIERTEL o )i B i R 2 s s
T EDER T E 2, AU, RIS e L T b e FHE L
Zao

L ORECETAE 140 S0k E 7 T A g AT L e, @BIRIED 107 3 21 Ao iRz o

MU 3ONTTAIDIE U BNEWLIFAAEDE TH -7z, 2518, EH6DICA-TER
Wiz 3klE, WITNL 30N T AFTNERE LB NEHFLENLDTHL I EW by oz
5. BFEs) ﬂ‘ff IEATANERE D S k(2w 2 v E THEIE T U & RO, LAD/
CAM ¥y Tl BETRE 2 e (h=13) 2 CHETRETHDLZ &P LI L o2, TDT
S, BFORMEE L TEMAME S BECEb DA -T2 bbbtk ),

®1 fi"m KOsk & oy S

T ke | CAD/CAM Bl I A e
GiRER i ALELH 2313 #I)\ 31405’(’ ik
Interpretive Structural Model 71.1%
}” PR Im{i@ Al LB 0 q 20
Wt A 1Lk 2% 00-3%

e B PR M L ek 86.6% 78.5%

Citation Ratio 1.7 3.5




22

HEz O E

% F X

Tatsuki Saito et al : A Modeling and Clustering Method by Relational Graph Model and an Exploratory
Application for Cluster Analysis of Scientific Article Space, Proceedings of IFAC 8th World Congress,
(1982), pp.X1162~X1167

PR DB B AT A 0— Kk, AAATEIRN S KRS EE, (I 5T)

BRI OB ISR =T b S o, P BEIEY S L AT AL R Y 2 LG
¥, (0 57)

FMEz O E RSN o e, BARITEIRN RS KSR RO ERE, (1B 59)




