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Abstract: This paper discusses the application and performance of multidimensional pattern classification
problems using Michigan approach based on fuzzy genetics-based machine learning mechanism, and proposes a
new approach. In the approach, each fuzzy if-then rule is handled as an individual, and a fitness value is assigned to
it. The approach not only retrieves fuzzy if-then rules, but also tunes the membership functions of each dimension,
meanwhile the selection mechanism based on the similarity of individuals is involved to reduce the high selective
pressure, keep the diversity of population, and avoid the premature convergence problem consequently. Finally the
experiments prove that the approach has a better correct classification rate and a better adaptability on
multidimensional pattern classification problems.
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A 1965 4 Zadeh 42 H 10 45 & 118 LR, LY H C 2809835 B Ak 22 19 A8, 20 v 255 0 TR R BB AR A0 5 B
WL R ARG BRI SR 247, A3 202 N U A I 8 1 P 2 v g 3 5 0 AR ABR R U B 2 A R
235 1) DR DU SO AR M D) ) SR S FEO AL R B AT R G 7 30, BB T T K A I8 A e vl #1052 S 56 B A
REG A LR var, B I 48 3Bk B HE LKA, I HAR IR TEAT AN T 48, 5 X DL R .

AR B AR 26 SCHR Hh AR R R B A B 2 SR IR R I 1y 7732, He v 0 P it A S0 00 8 ORS00 A T % 1) 0T
TARE I T il S O A B 1) 3 AR A S AT AN 3 R K 9 0 1 AR 7 B PR S 1 S A
ST T A ) B, IF I 455 G A% S 1R BT 1 “FA AR B (building block) R W AR PR Fa K BERRURL . PERRIR AT
1) DR T AR £ A T K1) A6 AT 224 1 B S, A4S AR 408 1) S S iR i R] e % 7 AR B Z IR A T A R AN 4 A O, T
T8 B 1 S R B0 ) D) e A B AT R 0N TR A T R DT, 5 3 L 4 X 4R A0 4 7 41 R M B % S I
AR JU) B B PRSI B £ B A5 1 75 ) b T J AR A 01,

A5 Y358 e B9 3 3 T s 081 10 2 > T 7 A — LRSS0 0 D) 2 P40 7 T 0 O AR 0 A AL s 2 ST LAY, A 4% 4
ML 27 STHL ] P e 5 384 S50 G b IR AS () 32 22 43l PR IS 48 L (1) 7 2% 35 BROAR 77 ¥ (Mlichigan  approach) 1 JC %
B J7¥5(Pitt approach)®L 5 2 1 X A T, BT 8 K — 4% I AR g — A Ak, 1T ) 6f I — Al i 4 0 1)
N — AR, Z A B EE S N — AT

25 BICHR D 1% 10 44 ) S B E T AN OB FRAT AR ZE — 4 ) 14 e 189 A A, i L R e o 9 60 R ) 401 51,
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81101, SR P A [0 (1 4 600 3, 0 B 8 o A8 SRR S S8 B 4 1) S B0 AT 16 B8 AT B 454 7 T, 45 De Jong (A4
AL B | Brindle FIBEFEIEPE . Back BIHEFIE BRI (1, 1) L HF | Kreinovich 13E M B 348 e . De Jong,Goldberg
(/A B AR Kao 04 41 38 6 A5 25 330 6 75 30 0 B A — o R PS8 P s Hh e % T g 88 S i 8l 5 ok T4
ANTR) 5 SC ) AR 2 AR AR R D) 2 1] 4 210 I AR AR 0 87 1 RUBE, 9 I FH T Jst % vk R e B A 2 b DA
1F 35 A% ARk LS SR R0 il ORIE SR L 4R & ) P e

1 ARA A R 4544 HE 3R

X F— AR AR 5 e, X 4R R, E X AT E SN A N BRI A= (x,u, (%));x € X,u,(x) €[0,1]},
FErh () 0 A TSR TRFE BR B, () A0 A RSB R SR A o X T A S o T 7 S o 6 0
Uy 0 e B L, LB 3 4y 0 e 00— 50 626 P then(26 18), 26 PH 640 24 A 25 B T
A S 1 S8 3 10 45 L 50 0 S B T W e 2 R R A1),

B e Tt 255 5B 4 05, 7 745 AR DB JE 3, SRR B0 2 7B - Mamdani 045 8
0 00 0 e o — A B A 2 10 T X 7 K e P PR i s R 400 2 0,
u(x:a.b.c) = max[O,min[x_a , C‘;‘B b, 1T I 4K R 0 5 4025 T B, S R T

b—a c-

5 % 1 (don not care) )8 P, H u(x,) =121,

ABEA R 00 22 ok &g AL U ol Ay it A BV B v () AN A TR A — A P R AN A TR DA BRI O R0 SR A e
25 R [ HIT A0 20 A R R L 0 A " ARIR — AN 43 R 4 WL B S AR AR SCIR iR SOk [2] 7P 1 B R R VR e
B — BTy &5 0 28 LR T ARAT T SR )2 i R Al SR - I 47 ot i A A8 2GR AT o 5 LA s 4 28, D
g REORA HE L Ik B AR S T ¥R SRR [ S TH A ASERA B 2.
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TR 145 2% ) HLHI 1 Cordon,Herrera 25 NAE SCHR[3TH AN T 4 FRAEAY (A) A4 H #0052 SCIPIABORI £ 4 41
f4:J%2 DB(data base); A= 158 KL I 2 2F )& RB(rule base)f Y, Bl 46 e X 1t 4 AR K1) 43 K 5 e o 250, R o O
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il 2 2 BEERAT RBIXFE,RB (WP RE7EAR KRR EELER T DB 158 X .(B) W75 55 8 s Hope 244 BN 7E 4 A DB 3R
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2.1 ZRESFNATIA £ F SRR

Tt A S R A S A A A A R L A R b TSRk s ) 4 R R 2 5 8 S R 43 2 il
F T I D K PR A R T A SR i B g B T A A BRI R, =1, M (M D R RN,
Rule R, :if x, is 4, and ...and x, is 4, then Classis C, KMSHH a,.b,.c;.na,,,b,,,c, KAHHRR
Ay Ay, =0 R R RSB R, S I AR (a)),b),¢)000a,,,b), .0, ) R78 KX AR U K,
ML T BH M &GN FIFIRE R, R = (R, Ry -

0 Gt B PR AL, A e U B DR i R e R 2 S 2B 1 20 AR B AR s 49 v AN R AT M 1 EC(E A
70 SLPRAT A = SRR L SR B OLEE 2 2 MO I A i R P A B VU 2B R i R 43 K JE (granularity) A 55 7
# J¥ (strong converge) Ay 0.5 (131 AU K1) 43, 2L v Rl 43 B by S A 1 OABOR 4 & B0 H B S 36 N Sk AT
YA 6 o /NS AT S8 Je R A 3l 3 L B T LA A AN Y T B L B, 0 4~10 AN %0 H I BT 3 4 R E
JE A, T LR BEE MR 44 w(x, ) =1 OANT 255 R I 7 2ok AL BE.
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MZBI(E, < E,), % t=min{| E, [, M /2} 0 T8 AN UG (K40 18 7 1900 SR BN 2581 e e E, JF A e* 11—
MNETER S ext ela;,b;], B dex) =min{exjﬁ —a;.b; —exﬁ},ﬂ S(ex) A EH [0, dex’; ] o ¥ — A BEALEL b T~ L3
3 1 = Afy SR JeR J3E B 0B T A BB N (ext — S(ex)),extex) +S(ex)) 5T € oA 130 4 th SRS ABL I B 38 7 725
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Fig.1 Crossover and mutation (* denotes a crossover or a mutation position)
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2.3 ENEERLY

LESCHR[10,12]70 48 2 5K F ) i 948 (high frequency value) K 1E 451 (¥ 751~ 44 7 55 [ (high average covering
degree over positive examples){E A4 N FE o HO0 LU AT VAN 70488 2R A0 b an SR 4R B0 2 HAFEA T
FE (1 J VI M 9 B (e-norm. Tl u () =, () X () YIS BRIk DK A 306 6 450 1R DR 1
SR FH AR — RIS P LA 23 S 380 H Ry b A by 38 I 88 B 508 O A B — 28 B K
o )| NCP(R) =y, - NMP(R)), NMP(R,)<m 1
Jiiness(R;) =1 NMP(R,)>m or fitess(R,)<0 M
v, NCP(R ;) AN R, 0 N IE 70 IR GIECH , NMP(R ) b R; 5512 7> IR BIECH , w,po, TR

S AE T, m A AV IR IR A R H o w,, €[0.2,0.4] m LEFFEERBE 1/10~1/5 22 ).

3 R RR AT 5 R AR

Tt A% 0 T ST () = A RE AL B — B AR A R I e ORGSR A — Dk R E AT Re AR B
U (A AT AT AR 0 SR AN A R 365 5 e (1), 20 T AN R I U)) 22 T PR AL gl 2 i LA A ) 4 28 280 R (AR
TS B BB A R AR A AR 388 /8, AT AS B3R AT B8 46 1wl A7 ik LA B TR N LA A

() AR B KRB R R e, 0 RBE N, e, 7RBHNL, ¢, 3R HNL,EMNEMA
S8, > 1) > 1y JFH NMP(R;) = 0,0 ¢, 73 SR {135 N L e BUH fitness(R;) = 1y, ¢, 702K fitness(R;) = 1, , ¢; 732K
Sitness(R;) = I ] M U 50 O R 3 B A 25 ) A P R v 7 9 3 I T R BN fitness(R ) =, AN,

(2) (B SR, oy ST HEANRAAE S M b DX 85 0, I FLAE e ) 2 70 b s P b BRI Sl 20 6 T 4y 2K
ST IERAGE F) I, B < N BE N o 3 RIS, T TN ¢, 70 8 IR0 AR & (B v el B 5 5
MU Ron BIECH A 1t B B 0 Gon BB EH 2 4, B L > 1, B 0 M 7 e v e b 6 254 T G 4%
BRI R RS R ¢, 7328, — 2 FIUDKS R ¢, o 28, VU) 4 6 48 U6 1) 32 P 5 A % o A o vl 0 906 05 A )5 o B M
Sitness(R ;) = 1y, FIREINA A 575 2 00 WY PR AN Gl 167 P 1t 0\ T35 o I 1 7 61 00 Ao W 800 491 gt 7/ 1
o P SR v AR R N T U S T i (A ), 2 A N R D AR AN R 3 O B R AR AR N T4
TR T DUE) S o5, 1T 2 A2 55 0 R I W A R 8 N (RO 7 D38 40 Bl A8 PR 7 T AH 26 450358 S iR B\ 9]
5508 I R 3% 481 06 25000 LA 2% .
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Fig.2 Correct fuzzy partitions for classification
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TORFIRE G T R R R 78 e — 2 RIS, i AT e 2 SR (A48
xR O 2,2 HI T AHAYE B 0 2 v SO I FE 1) 777 925 oK DR A7 LA AN [ AU AL A R 1) 7 2 B A 1K i
e, U A T ARABLAE: £ 326 0 2 v RHARUIE 2 0 g A SR 2 5 T 75 100, G 2L P i SCON 30 2 DA & 1 F 9 4 A48 0 1)

M5 1.
EX 1. K A,B KA 5 2 LRI B S 4, UN 20 BRI B2 B AS SRR T SRR AE AT, 0 4,B Z T8 11
. - |[4N B
IR Pl ok ,B) =1——.
ARALLYE JBE AR T BAAE Ok S(4, B) 4UB]

TEX 2. ERORI A AR AU 2 (L R R il AR ) 2 TR] PR SCOMG e 58 v LA ac Ay
SP(R,R,) =miniS(R,;, R,;)} .
AN TL BT A AT 8 PR I R 0 48 25 U 6 Y AR U 5 — 8 A R U R AT o SOOI 2 R v 50, B R OK
TV AR B A DU MR 5 Y R R B A s AR R K T AR SR I TR R R LR AR Y
X I AT AU 2 5 PR B AR B S S ARL B AT Y 1 R T AR B R K 0.
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SCIOAE T 3 ANEURAE N IR BB 0 B BB 2 a0 2 I R B R O AR IR O O A, S 0 T U AR S
YRR B R R R G o B 455 B % IR 7 ) S R A J M, J T A 4 DR A A% AR 31 il B G 2K
PRAEAR N TR 3T 1 77 0k U e o ek, 1 1 B AR S 1 7 V3 Y
4.1 3£I81

S0 SR F B 35 73 2 (glass) AT NS 43 Bt (segment) 5048 52, W9 AN 008 B2 38 SR U5 T D0 RU A JE 7K 2 (R pm fE AT 2R
5l Trvine B4 FE, 3% B BOHE B2 h & 214 47 91,9 ANMRFAE,6 N0 28 MR A BE A 2 310 457, 19 ANRRAE, 7 4

T BB HOR AR, SCER[BIE AT IR SVEFISCHR[ 141 19 C4 B0, 38 00 K237 0 53.8% K 63.2%; 3CHK[2]
KT & SRS G B 45 5 0 0 )52 5 AUMEL IR 8 A% B30, 8 40 RN 64.4% R SCHHT T A MR S 501
10 RSB LR R AN A 72(3EHh 12 ANAETB6 53 R I AR IRARAN ), — B XM 0.9, 50 sl i 0.2,
2k 600 AR ERAEDRER 69.6%, I HKAN 65.4%, 5 224 58.4% 1R B I 73 H ML 10 S 80k
BIEERL BN R 126,307 21 ANFEIR 7 43 28 (R B AL A AN ), 0 P45 43 BB 50 40 52 56 A5 I e £ 43 28
A 95.4%, X5 Ny 92.2% 3 7520 88.7%. M43 FEHAE SCHR L5111 22 M 5 v vh L J8 TR IR 45 2R

LI BB A2 0 01, 161 3 s IR 5 Ja vk A s o0 ALy N SR MR UE xSl N B 4y S8 HE R S b 5 36 2
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Fig.3 Data distribution of ‘Calcium’ attribute
3 M ) B 0 A
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Table 1 Different fuzzy sets definition of ‘Calcium’ attribute

F 1 BIR LR VR I B 2

The id of examples in glass dataset Class Membership function
106,107,113 2 12.603~14.397~16.190
1,12,17,18,19,21,22,23,24,26,29,31,32,33,34,35,36,37,38,39,40,41,42,43,
44,45,46,47,48,49,50,51,52,53,54,55,56,61,63,65,66,67,68,69,70 ! 8.504-10.041~11.579
74,75,76,71,78,79,80,81,82,83,84,86,87,88,89,90,94,114,118,119,120,122, 5 7 857-8.050~8.221

123,124,133,134,135,138,139,140,141,144
165,166,167,168,169,170,171,174,176 5 10.041~11.579~13.116

4.2 3182

SE I8 SR FH I 43 285 1) 8 45 95 4 (ftp:ftp.ics.uci.edu/pub/machine-learning-databases). # 5 £ H &FH 178 &
B1,13 A JEPE3 ASE R0 2 SCHR[91R F VL 22 8 45 i, 7) KA SR AL 100%, 34924 99.5%, 5 220 98.3%; 3CHK[2]
5 2 B 99.4%, 38y 98.5%, 5 72 0 97.8%. 75 b, SCHR[2] R AT 3 A BORIR I, Rl — 7 R H A A — 4%
RO, A% SCE 3 755 5 B I 3 A 7 3B ST I O 2 TR IR AN S R AR, 5 TR B S 30 285 LI i DR JR 7R 2 T A AL
EiiBre S (2 N - A TS & € ST e

AN AL SIS 1 S EIE 0T (PR R/ R 66,51 6 AN 3 43 IR e A L /44, A% SC 0 T i e A:
I REN) 99.4%, 52N 96.6%, T340 98.3%. 18 5 LA T — IR I ¥ &R0 28 e I/, M A B SR, L f 2 S 26
CRFBAE 95%2 L) FILSIGH FE (200 AR A e A0 #8 2 7T LAHESZ 1.

4 1 CorrectClass £k & IE43 22 Eb 9l , MisClass [ 2% 2 45 152 43 IS ) B B, UnClass S& AN fg 43 2 1) B ).
TR TR 8 R 2 AL P AR A 4

1

09
05
07 -
05
05
04
0.3
02
0.1

Generation | - CorrectClass & MisClass v UnClass l

Fig.4 Classification rate of each generation

B4 —RSEI I KA e i
5 & &

ARSCUIR T 3 TR0 5% AL & 27 ST LA B0 8% B 5 ¥ 76 22 4 20 S 1) fiy N ) A PEREIF 9, OF 4 i T —
Tl T R ROR 2 A 2 2] 7 3%, S 4 SR AR W, e 7 V0 AE 2 4k K 23 S n) i B AT O R P R AR A ST L B
V5 RSOV SCPR SR G A i@ AR A O T LA AR 4 o A AR 0 1 7 i A SR T PR e 1 S
BRI ST S0 T 1 ) SR BEAT R AT
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