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Automatic Construction of Fuzzy Rules for Efficient
Pattern Recognition
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ABSTRACT

This paper discusses how to automatically extract fuzzy rules from given data. The fuzzy space which
contain given data are first subdivided into a set of hypercubes, each of which contains the homogeneous
data belonging to the same class, and then a fuzzy rule is defined based on the constructed hypercube. In
order to dynamically adjust the size of a hypercube, the fuzzy space is to be splitted based on a center
vector and then the splitted subspaces are to be merged through the adjacency relation. The membership
functions, which are to be embedded in a fuzzy rule, are to be formed through analyzing the cummulative
histogram of given data along each axis of the constructed hypercube,
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< gz:E 2-1 >

/o FolY AR cisled B B 7 Aogel A2 X Aoz UG
=> 27] 3¢ 4332 "J"o‘*ﬂ(\/hmmal Hypercube) */
4\’0(l)MIV".r‘]l\l(Y(l’l.t(i)z, A XD aavs MAXCel DL, x( Dz, xCan)

/* 31"’.1 T8 AE «/

xf (numbcr of data in the subspace < Th)
then goto label2

if (all data in thc subspace bclong to same class)
then goto label2 :
¢lse goto label3 :

lahel2:
if {it is a last subspace)
then stop @
clse

chouse next subspace to be processed
goto labell :

35



FFH A A} 27 83 =24 1993 Vol.3, Nod.

}
/x Fol B2 gto] iyt FA HE C = (G, Co, ., Co) 22 v/
label3:
2: x(i)
Ci =

total number of data in the subspace
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< ga2F 2-2 >

/» BUU R =8 3= $3VE] Y v/
STEP It
for (each pair of subspaces sub-k and sub-l with same parent node)

{
it { (labelsub-k) == label(sub-1)) && adjacent(sub-k,sub-D }

“then merge(sub-k.sub-1)
}

/+ B E2le U Hdol it HEFILEY WY v
STEP 2
for (cach pair of sub-k and sub-1 al the samc level of tree, but with
differmet parent nodes)
{
it { (label(sub-k) == label(sub-1)) && adjaceni(sub-k.sub-1) }

then merge(sub-k,sub-1)
}

/r 24 B2lg Tl o] sixsle $EFOEY BY &
STEP 3:
for (cach pair of sub-k and sub-l at the different level of tree)

{
it { Qabel(sub-k) == label(sub-1)) && adjacent(sub-k,sub-1) }

then merge(sub-k,sub-D

}
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< odazlEF 2-2-1 >

Iogi ‘= index of axis on which sub-~k and sub-1 arc adjacent
Lnonadi = Index of axis on which sub~k and sub-l arc not adjacent
msub-j = j-th subspace formced by merging sub-k and sub-l, 1

N=1
rangc( fag,msub-N)Y = N {rangel {ag,5ub-k), rangc( iog,sub-b]:
range( {nmagimsub-N) = U [range( { nonagi,sub=-k), range( i nonagj,sub~D1:

N
while ( ( U sub-j) # (U msub-j) )
j=kd i=1
{
N=N-=+L N
msub-N = hyperspere covered by ( .l;’(l sub-j) - ( .U‘ msub-j)
J=K, Fad
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hel glEe] shvke] & A3 sl 7 -9-(SISO: Single Input Smgle output °

A4 st 4 9(MISO : Multiple Input Single Output), ¥<= 7§2] }& o] #4290 285 AY3li- 4%
:Multiple Input Multiple Qutput)5 2] M7}#] fdog BFE 4+ Auf B =& = H X
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aYE gz ¥, degstd sl2Eade] FHE BAstd ¥4 £ Ade e A% geE etk
5, ek s|=2Eago] shte] upR(peak)E 2w Aolv HA¥ e A% #4E Pty (19 3-1-a)
uhFo] A4t Harolw attE B A& §8 Feolsit (1Y 3-1-b).

& Faeol Frdol A o)A 7 v%‘% gelste Abdel AR d s 23S AR AL 5ol e
o7t AR E =R E L8R AL He71g L85 R AR &5, 9% Aw.q A ZgYe
7HE 9% vigo] AR 2 Pt Abde BHL ol ke HEtte] e Hudl 5 (B E Tl E 2

Fay
P
[}

\o

~r

=5 ‘l‘

2]

shel AR TEh, 7, ol £aHE P Aol Pe ool S5k ARE THHE Aol T ¥ BS| 1A HAED
B A4S A SRS L A% ohpo) HE9} g 0B b7 el HEE AL A% £ 3
8% giow W)

Yo we AR (7, 9 10)& U HA 74§45 At e, B =R e g B =
4g Bk A% ool KBS AW, A% ool Pul 94 BE FE EA L QY w30l 54S
BAso} AP eeh webd, A% 940 A7 o] B M4 LR Uowl, AL A% Brol BAA e
HedLvl$ e Aoz ddd,

<gIEF(3-1)>
/* PH-FAEIY 34 v/

STEP 1
for (i = Xmiv: i <= Xmax: i++)
HIFTi )+
/* ‘3%1} 3] +/
STEP 2

for (i = Xmw: | <= Xmax: i++)
. CHOG=1)) ¢ HOFD) « HOFG+1)) )
S(i) = 3

/* fld‘f Yoy AF +/
STEP
if (numb(.r of peaks == 1)
/* membership function is triangular type */
if (there exists adjacent subspace with samc label)

left sidc is {rom one’s peak to ncighbor’s peak:
}n'ghl side is from onc’s peak to ncighbor’s peak:

elsc

left side is from one’s peak to neighbor’s center:
right side is from one’s pcak to neighbor’s center:

clsc /* membership type is trapezoidal type */
if (thcre does not exist adjacent subspace with same label)

left sidc is {rom one’s leftmost peak to neighbor’s center:
)right side is {from one’s rightmost pcak to neighbor’s center:

else

left stde is from one’s leftmost peak to neighbor's
leftmost peak:

right side is {rom one’s rightmost peak to neighbor’s
}nghlmosl peak:
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A e A 7S YA e Sl A " F&grol tig HA AFE dojEFgH o ol
grh, WE7h] 23 dojghy FHL 4 gh7e] T ool e thekdt ol vERd £ 9\1 bo&, HA A
ool WAIE = wole EXa ZE 9 s e o3 2 BHE 5 Ao e ﬁ'ﬂ:ﬂ'ﬂ‘ °l' l ol 218 &
e ohgst o] FE AL S22 AR e BrHesich welA, HR] rE ] 245 A4dele Jol A= gtg
ol & o] A gslodor sl HPAGE A 2 =g ALEE g s ?f = ““H $- o} (Very

t}(High Low)", “%-& Z7HLow Medium)”, “% %“”(Medmm)" e

Low)” “L‘E}(Low)” oy
(High Medium)”, “Z+#+ %¥oH(Low High)”, “%tHHigh)", “ol-% EtH(Very High)” 5o 2 #| gt}

A& E &85 EH 25 o]z WA 1A dojstF o g T8 4 by is Low’, 'if & is High', if Ay is
Medium’ 53} o] T3Hch FFHoR Fol7 3 7hagl Ao thsk =] 3Fo] YA, #HA 139

il
AR A g ool o SA5el B9 AADEE Sl 39 Hogical AND)O| olsho] L1 s Lk

’S-

if /2 is Small then
if k&, is Large then
if 4, is Medium then
if /2 is Small AND #» i1s Large AND ...
AND 4, is Medium then

QAR AR B Fol 7 AU A tha #x rHo] (4 313 & ey 237 glele] WAH
o ol a7 & il A AAN6l 2t AR 2L ol 5 3 axis) o 1 510]

Aol hgslw dER S =

= ARG T 712 7ME A E o] &te] gpE e AEALE WSt FEH ] ZEYE Ydshe dhy e WA
gzbe) Zh ol W ejo) X ghE =z g ol V] xste] zh AR gl ek FEAE 4ESD, hEE 2 AR
o g 7t FHete] A2 AT 2 ARG thed 7bFR = (4 3-2)00 2dste] A ogch F, HA
& Foste o Ao 23 An AFE 2 Fytte] diEste fte] AR F AFR e AEER 3
ok wmebA, zk AR gl th gk 7EE R 0’3 T Abel o] BhE R, BU S ddE e HattEe Y

'~
AV
r ,-E

ZolA Welsli ANl HIH AFASE FAA 1ol Bk (4 3204 \k h, APNE 2w
g7 HMW A g Apol gl Zol M9l kol Z3bEE 2ol £% dehla, W (A7) A e 4]
SRl 7hE A B vebii o,

i

112

- N A7)
W(hi(47)) = —— (3-2)
AIRO Nielhi(Ar))

x

W(h(47) =1 (I=1,..,n:k=1,.. m

‘l’]=

(43209 Slsted 7 AR gel] @ 7HFA7h HEEW, A4S H 4 ARG HeF AFAE (2] 3:3)] 2|5t
Fgetol A arHel AN E QB

WY, = (B (A7) X W (R (A5)) X oo XTI (B AR))
WV, =W (A7) X W (A7) Y X . X (B A)) (3-3)

W(Y,) =W (R (A7) X W (ha(A5m) ) % . XT (Aa( A7)
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X 13
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A48 A% A7) FH AE B4

(

4 33)oll A YV, i-HA o] AERAM £ &3 Mg Yehd D, IV(Y,)E I W) o3 hEE U
e}, il 2lale) Z2HAAE FHo AERE whed] Wik (d)) 2 Belstd A gd 5 Aok 2, A=A 73
o FHE (4] 34)9 o] Fojg 5= Uk
R;:IF (hyis A7 AND ks is Ay AND ... AND #ky is 4;)

THEN yis W(ki(4;)), where 7, € {1,2,3,4,5) (3-4)
ey, WA AR FEHE (4 31D 3 2 FEE Postr) st dol M HoE VA E o]t AE
Rol i@ QojstHl A g sa%a}oqot gk Ao ARGl HF N P42 gelay) Aatals mﬂ
Bo] W8S Aoal7) ¢leted AR E Y A BXo e 53 sl AEIR-S AHEE S ik ukebA,

Bol M AER) ARGl that A% g #3223 el dsteln, 2 A% grel WA »}E}
LOW MEDIUM  HIGH MEDIUM
— . </
LOW > >\ HIGH
(D2l 3-2) d& e N1485 gy
< d3EF 3-2>
/% Z# ﬂl—r—l 2tzte) <dpgdgeol cig}d 1EA] AHY
S Nhi (A7)
W(h:(A/)) = ——kL
20 ZNelhi(ATN )
I=] k=]
Ig‘:lwun'(/l‘?n =1
(7 =1, ,nij =1 k=1, m)
/e ZbAARo] TR ZHEA AL w/
WY = WA D XWhAAZ N X . x W(ha(A))
WY, = WIAT) XW{hAAT) X .. X W(h(AZ))
WY, = WOATD x Wl AFN % .. X W(ha{AF))
/% J%Ed 7hgx) ghel 2 A2 THY do] thof ufd #/
for( i=1: 1 < ni i++)
{
K = MAX(C WY, W(¥g), W(Y¥3s), ..., W(¥a) )
ift K ==0) stop: )
for( j=1: )< n: j++)
i K == W(Y)) ) W{Y) = O
print Ldblc(l\):
}

43



o XA 25 85 =F =) 1993 Vol.3, No4d.

e 4ol 282 2 Je o7 ke dad A9 ok 2 729 AER) hE 7tER ol 7] 28ho
Boldnh A& 5o, U Adl th £ A} HR) o] BrEANT, 7t FH e AEF e 7FFR W(Y)),
(Yo)ol A428 A48 7Hgabat o}, ol 5 7hE R 9] gho] Aboldtar W(Yy) o] W(Y,) Bk & 2t ey,
12 &% Yool g AL ‘Low Medium'e. 2 85 1, 7329 2&% 1ol i #=x3re ‘High
Medium'2.2 85 1, o] ARG e A4 F5e (29 3-2)9 22 el S A", ool 1&€ 7
At el AEFE Y4ste B e ¢l el R Pshs (YnaF 3-2)9 go] ¥8Y F Utk

N.& &

B =AM Aekd whye] £848 FEsE A¥e IBM 53 7129 PC 486394 Az (electronic
pen)& F3t] YHE MW 2E(signature) & 2P AER shod LA (1Y 4D DAHE $314 Q)
He 300 Mg A8 F A 54E 228 3, 238 SARES X 9 Y330 vehd Bolu, AztH<)
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o -f- FARSH] 2 Aol FH o] Yo

222 222
2 22 1 2 lfi
2 . i

(3% 4-1) 28l 2188 3¢0e) M GEFe A F3h

309 MY RABEE T3 HA FTS A DAl A (—1.424164, 0.314359) & FH o2 2wt} o] &
AN 2418 B ABe) AR LR i G0z AU, WA T eS| SUA AN
18 AL AR A GADA2 GA3, G40 224 A2 ol B o2 (~LB0ISTS, 0.733080
8§42 LUtol 992 G20t nh Ao A1 ARENE Bk oz 4AHD, A
A AN A FA R0 G2l 9227k AR EH AT, Fe2lol e BEE a9l Aol 2] 1
% 49 488 xPat deloz FANA, I 29 G A0 Fo2sk FAzue 2 G &

S TRE XAGRL A o)y 2UNA Yo, A2 JA22 AN 2 JUA Seke AREVE %
oA ol Qo] Eera Aol F71 12l A YA olsfolme olEe FA FA02 AelHach 3,

g 9-221%% °3°“‘ 222« A A FtF ol HA ol YHA e ddos ok & FAE detode fA}

Fuog £ES el HFHow (a4 4-2)8F g RyhEo] AP

TEE HFES B AL HA FHe £5 Folv] glsled A oE B Aok (1Y 4-2)
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&3 Hd UYL A% HA 739 xF A
(19 4-2)9 VERG BE7rsed et #A 738 A dAdse A FE F e 16717 A,
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7Hi 77 ko] ZolE AL U 4 Ut o)A Y 2 RFLE HEsE HA RS Ao sl] Ysted HA
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B A A
B B A c
FAl 99 c
B
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29 |,
A
A
C
B .
B FA 29
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(28 4-3) 3 -y gEe AR
Al a2
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(218 4-4) k5 B ¥ B0 7123 HE ¢+
A& Tt ZAEE 2349 A% G548 ol &3k JM TFER e AARE HAY, AA v} FHE Fo=
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gt dE 5o, A Adl tF AA A1l e, F 29 Ald A& AA FHAME Fy FollA Bols=
#H 2 & ‘Low Medlum o] 71EX e 14% 28 1 Fp S A Feos = #H28 ‘High Medium'e] 713 & 86% 2
Az £8, AW Adl hE HAA FH200M =, & 4 A20) A AR FAAME AAG Fy Sl Z o
He A28 ‘High Medium'¢l 71323 86% 181 F, 204 Fols AX3 Low Medium's] 7+33&
100%2 425 A0 G2k, F3-19] 2ol da 7hEA W(Y) & 0.14x0.8622 12%7} =l 1, 329 4
Exol ti & 73R W(Yo) & 0.86 X 10022 86%7} €t

olAl At AL thEshe 713 320 AERE HAAFor BHEY st A& H sHFAE 0] &3
o] do e 2709 FHol Yvt AZ tEsI ZF FH o) Aol e 7HFAYE Aol @ ghg THAE2 ()
o] A gl the dojd FHL ‘Low Medium' 22} 1L W(Yy) o] A5t e dojz £H L2 High Medium’
oz ZAAs o5 e AL 5] Pl (Y 4-5)9 o] Bk B =FAA AT 49 #r Sl
tated Ak WS HEsted A Aoz AE HAEL YHIW (F4DE FAET

LOW MEDIUM  HIGH MEDIUM

T /\
LOW \/\/ HIGH

(33 4-5) 2832 A& Eu

(E 4-1) 49 dloletol olated BAFE 54 3

A Class
7+31. IF F, is Low Medium and F; is High Medium
THEN Y is Low Medium
T+2l2. IF [Fis High Medium] and (F; is High Medium or F; is Low Medium]
THEN Y is High Medium

B Class

7+%1. IF [F, is Low] and [ F, is Low High or High Medium or Low Medium or Low ]
THEN Y is Medium

722 IF [F, is Low Medium] and [F. is High Medium or Low Medium or Low }
THEN Y is Low High

%3, IF [F, is High Medium] and [F, is Low Medium or Low ]
THEN'Y is Low Medium

7+214. IF F,is Low High and F, is Low
THEN Y is Low

C Class
T+31. IFF,is Medium
THEN Y is High

v.g &8

ERe Ay A4 Bobol 97 8L A2l o1 BAV P A HA FH AT Y4l vE 2
A7sth HA FH A5 A4 A% 42 Aoz AA FHe FPSHE FAS HASAT 2 =
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