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Clustering from Partial Relations: A Framework
for Intuitive Data Analysis

Yasuniko Sarro,’ 11 Satosur Tojot* and Sencur Komryah it

To acquire knowledge in real-world domains, one classifies observed instances intuitively.
However, it is difficult to obtain rigorous classification rules, because attributes characteriz-
ing instances are usually unknown. This paper, therefore, proposes a framework for de-
scribing instances without using any attribute and for classifying them without using any
classification rule. In the framework, a coherent clustering is generated from partial rela-
tions : synonymity and antonymity between instances. In addition to partial relations be-
tween instances, a set of clusters, each of which contains typical instances, is given as a
model of classification. Then, a temporary clustering is generated on the basis of affinity
between each instance and each cluster containing typical instances. Next, the clustering is
gradually reorganized. Thus, a coherent clustering, which conforms to the given model of
classification, is derived. The framework serves as a method for exploratory data analysis.
Factor analysis is not used, if correlation coefficients between variables cannot be calculat-
ed. In this case, however, using the framework, one can explore hypotheses according to

Nov. 1993

intuition.
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Y : Y is synonymous with N.
" Y is antonymous with N.
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Fig. 1 Partial relations and classification.

CER {Z_iiz?;z:ymous (long, large)
ymous (large, long)
synonymous (long, large)
synonymous (large, small)
izl sznon;’mous Esmagll, short)
antonymous (short, long)
U7eds=>T, MoMLBERTH A HHBEGENEBER
i, — T, RELRSHETHS.

2T, WoMBERICEY A —BlEDORINER D 72
WIC, SPOBNERRT 5ETVvE, KENTHEHE
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& “large” BE L7 7 2 2 BT 2 FIREMEIL, “long”
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aff(w, C)=ss(w, C)+ sa(w, C)
+ as(w, C)+aa(w, C)

fefil,
3 1, if w.SynN Usecla. Syn)# ¢
ss(w, C)== X
0, otherwise
—1, if w.SynN Ueecla. Ant)# ¢
sa(w, C)=

1
0, otherwise
1, if w. AntN Usecla. Syn)# ¢
0, otherwise

, if w. AntN Uaecla. Ant)# ¢

1
, C)=
aa(w, C) 0, otherwise
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sum(C:) =sum(C:)+1;
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afflw, R)=aff(w, C)+1

Vy: (yEGen(C)—(affy, R)=afly, C))
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ARBER, SD0EFvy 522520695, 5
RETHEEEL w ET5. w ORBEY 5 XL ER
G, Co k95, GIUC: 2 U &3 5. DITFAETN
THRTZEER, U BEFNVI 5220 VI ICE
mEh, AT, C, CeMEFLI SRE ) VI 0
BlkraEn 5.

afflw, U)=af(w, C1)+1=aff(w, Ca)+1
BB 5 R 2B S1DIEFIE 5,
aff(w, U)=aff(w, C1)+1=af(w, C2)+1
ESMES
aff(w, U)=af(w, C1)=aff(w, Cs)
Vz: (zE€CGen(Cr))—(afflz, U)>aflx, Cr)
Vz: (x €Gen(Ce))—(affx, U)>aff(z, Cz))
[AMz4E]

FRIFD, HRETIREFEOHLLAL Y 7 A4 %
TR T 5.

4.3 & 0 4 |

FETE, 7525 v OEBRNRERSEOR
ZRVT, AREY - VICBY BNEAETT S,

&1, “B°, B, IR, R, E, R’ KT
R, R, W OMOBBBERERBEFATHS.
T LT, w.Syn={s1, 82, sn}, B, w Ant=
{an, @z, add %, MOEHSCELTNS.

w: ({s1, s2, -, sm}, {1, @z, -, an})
ook, UTOEFvs 5220y iIT Lk
Do THET 5.
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Table 1 Partial relations between colors.

Word Synonym Antonym
B ({8, %, (=, %D
B (& XK & . {a, &H
K ({IR, %, #), {3, 7% 2Kk}
e (R Al (%, #, & )
#WUE R K B R, R
(G #) {#, &)
#eR| B (=, &
&R A {&D
(& B £ S
feo(, RO, %), fa, &
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Ci={H, %, C={R %}, C={#}

DEEY 2 —vid, BUEEEF VY 52 L OO
BRMAHATECLICL-T, REOFEEY 524
ERET S, Lol, “KIC20TRE, RO &S5
RORR, Blir 7 22 BPELB. =707 52
Y Ims,

Ueeci(a. Syn)=[H.SynU %k. Syn= {H, %}
Useci(a. Ant)=1. AntU %k. Ant= {&, %}
Ueec,(a. Syn)=H. Syn U%. Syn= {&, K, %, #}
Usec,(a. Ant)=8. Ant UK. Ant= {3, %}
Usecila. Syn)=%&. Syn= {8, X, &, &%, %}
Ueecs(a. Ant)=7. Ant= {}}
CricxLTid,
K. SynN Usec,(a. Syn)=¢
K. Syn N Usec,(a. Ant)# ¢
IR. AntN Uecc,(a. Syn)# ¢
JK. AntN Ueec,(a. Ant)=¢
Cz TR LT,
K. Synn Uaec,(a. Syn)# ¢
K. SynN Ueec,(a. Ant)=¢
IR. AntN Usec.(a. Syn)=¢
K. AntN Uscc,(a. Ant)# ¢
Cs It L Tid,
IR. Syn Uaec(a. Syn)# ¢
XK. SynN Uaecy(a. Ant)=¢
K. AntN Useci(a. Syn)=9
IR. AntN Uscci(a. Ant)# ¢
£-T,
affiK, Cy=0+(—1)+(-1)+0=—2
aff([K, C2)=1+0+0+1=2
aff(jK, C3)=1-+0+0+1=2
U7cdioT, Co & Ca 8 “IK” OBREY 5 X 2 BET
HBEH, K OBBEZ 7R ZIBRELEL. Hb,
“R” DA DBICONT HEE TS L,
H 2 K K BB %X &£ ¥ i
C: 2-2-2 1-10 0 2 -2 -2
C: =2 2 2-2 10 0 -2 2 2
C: -1 1 2-2 2 1 1 0 1 1

LIEBDT, K DADRES 7 2 4 13PET S,
‘IR’ ODBHE 7 A8 ERETB 2D, Bl 5
R B DFRME, IR LKL feds-> TERY 3. HE=
V2= VB THEREPOER K THo L9
5. 57, “K” OKEHE, bbb, K, 9
W EBREFNS SR ZOMOBEMMER, 3 TICE



Vol. 34 No. 11

BB THEDD,
sum(C1)=0
sum(Cz)=3
sum(Cz)=1
i, B DRIBE, TaD, B R K
LRETFNG 7 A2 OMOBRER, T TICEHEAEL
EBOTHANG,
sum(C1)=0+0=0
sum(C2)=3-1-3=6
sum(Ca)=1+1=2

3
Liehs-T, sum(C2)>( Z sum(Ck))/Z L, X

S, Cxid “JR” OFMY 5 A 2EMILOT, C2 B8
YR’ OREMI 3RETHB. CHLT, PUFos 5
22N VY ITRRPMEOND.

Gen(Cr)= {H, 7k, 4}

Gen(Co)= {1, IX, 5§, 1}

Gen(Cs)= {#F, ¥, #}

4.4 EROSE

KT, 7722 V7 OBEmHBEILSHDOF
ERNT, BREY 2 —MCB 2NEA ST S,
#2013, BEITBALEARDOMESR 30 AOM O HEH
BRERBEBRTHS. INDERE, UTo®F
Wy FARN VSIS TAMT 5.

Co= {5, 7F=, =}
Co= (k. &}
A, B, KR

corE, UTDs 522 ) vIERBEONS.

Gen(C1)= {7RH8}

Gen(Co)= {HH, &, =gl

Gen(Cs)= {E¥h, HfL, B AR, TE, B!

Gen(Co= {#23, KE, ¥, K}

Gen(Co)= Fi8, fHiF. BR, #E, K&F

Gen(Ce)= {1, /INE, FE]
Fio, S INMOERE, T, “BERC, R
g7, kT, “RE”, i, “EFD, CNNER” 08
ATH5
BRl ERsnkrs22y v sk, “ZH Ok
By 7 RAEERETDIDCHRETS., LT, ‘=
W” Oy 7 AL G & Ce THB, Cr &
CzK%bTﬁéﬂ@Tﬁf%é(%@m&tméﬁ
BORMAFEAICTET). Lzh->T, C1 & C: D

BHOWEBRELODIZ 72 Y VI

BEN T — 2 @i O il 2359
% 2 EROMOBAHIBE

Table 2 Partial relations between novelists,

Word Synonym Antonym
e ({58, HE¥, EH), )

Zpme (2, ZRK, iy

B (N, Zm, I, 1y

Eg: ((Eyh, mAE, )

mAt: ({|ik Eim, )

B (B, mit TE, {RE5))
REE: (UREE, &), {Zpu, ZxiEs})
BFR: (BR, RE, LHE, 1)

KA (KA, i) {rh#&})

TE: ((EH, 8, R38, URgE, 2

R#E: (RE, FR, EE} k%, KiE})
R (RHE, RE, JIEE, (B}
BE: (B mE AsL R&E, »E
T (%3, JFE), )
(O, &8, =d), (R}

il (GHY, aE, )

BRI - ((BRFL DD, {RE1})
AE: ((RE REL ®E, h&))
JIEE: (Ul B8, 235, 9

E (U, BER, JIE, 1]

E: ((hE, Mg, BEL &)

N (UhNg, E, ¥R &

R (BER, K&, 01, he, K
e (g, K7, 8, $3]

Wz ((R%, Kb}, )

Fesg: (GFS, B, {=h})

K (kg BE), (8, EED
KFE: (K&, WK, )

W ((&E, hE, )]

=il (S, REL FFm 28, ([RE BE)D

R =ms TH=TEEOR AR=EEHKA
Egh =R My AIE=mUTER BE= RIS

R =RETE BAR=HBRH R =KIFT R
BE=THEL RE=RENEEE SE-=-2BE—R5
BE=-EEZN HNE=FbX FE=FNEZN
FE=HRET B =R — AE=FHNE
JIFE=)IimiRk  RE-RABRE  hE=mTEEL
MNE=IHEEZ R=MRE P =
RE=|WOLE  HE=H1% Kib=KEH
KFp=AFWAEL  FE=FHE El==Rliek

APEEETFNS FREY VIICBL, Ci & Ce B E
FNISAEZY YT hOERTS. 250 T, BT
EBEFNIGRARY VI L, FRC LDty 5 R4
Y v IRERBELNG.
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Fig. 2 An intuitive classification of animals

(the first trial).
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Fig. 3 An intuitive classification of animals
(the last trial).
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Fig. 6 An intuitive classification from a correlation
matrix.
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/. Syn N ZRE8. Ant=¢
THahboH,
R=Ci= {8}
X2, aff (T, R)#af (2, C1)+1 THB.
(2) R={z|=M. AntNz.Syn=¢, z&Ci}
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S5,
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