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Abstract: An extended class cover problem is presented and then it is reduced to a constrained multi-objective
optimization problem. Solving this problem is significantly important to construct a robust classification system.
Therefore, through analyzing the parameters of the binary particle swarm optimization, the conclusion that the
binary particle swarm optimization can not only explore the search space efficiently, but also utilize the apriori
knowledge adequately, is drawn in this paper. Furthermore, a hybrid algorithm combined with the conventional
greedy algorithm and binary particle swarm optimization algorithm is proposed to deal with the extended class
cover problem. The proposed algorithm can get a better solution in less runtime and the simulated comparative
results with other algorithms show its feasibility and validity.

Key words:  class cover problem; binary particle swarm optimization; hybrid algorithm

B B REMNTROZBLZFEFECIENA AR Y RN S BATHRACTE AL Z 7 A 69 #7 A3 AH 2
BB KRR R G B E 260 B S B A8 A X S BB AR R A SR M AR AT, I B R T A
ok TALEA RAF 0 & B AR MM, T LA A AR B ek dmit R b — AP RS ok 5 R T
BEARAC S AR 25 A 00 6 Lk KRN R td K B & P, 3% S50k A 3K BALAR 69 ) B 47 B AT 4R bR 6935 Sk /B %
b 3 ok e s A T Sk 0 B Ao T AT 0

KIBIA:  AEE A g T AL RS Bk

HEESES: TPI8 SCRRFRIZAD: A

* Supported by the National Natural Science Foundation of China under Grant Nos.60175024, 60433020 ([ 5% [ 2 Fl 255 45); the
Key Laboratory for Symbolic Computation and Knowledge Engineering of Ministry of Education of China (3 & #“fF 5 i1 H 5 AR T
O S AR H)
TEEB N EHI(1967—), 55,5 Ak F kI b B 02, 32 TR R A0 o S RE L AN AR B B E
(1947 —), 55, 1 o 504532, 3= TEAT ST sk o vF SE 4 e ML A A i, 16 5 Ab 31 B3 (1976 — ), 2, VR, 35 TEWF 98 AU o o 5L e AR WA
2 EE1978—), 93, BB ETEHT ST U SR e AR B

© e

http:/ www. jos. org. cn




514 Journal of Software #AFFIR  2005,16(4)

Adam Cannon #1 Lenore Cowen!" % V4 H! 2555 76 il % (class cover problem, fij #% CCP),3-iiF W] T 2L NP sl
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Fig.1 The varying curves of the particle position x;(¢) and velocity v;(¢) with respect to time ¢
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o, [ A TR T x MBANEH, x| R BN F % T x (00 K4 STF 4 50 (roulette. wheel
selection) 7 VEBI E tH — A7 B ieS i 13 B String()=1,H VjeS—{i} ,% B_Swing(j)=0 . K i 5 i
Current _Pos ©i '8 LU B BRI 1,4 S AR — N J0HE x Bk o AR A W R A0 = BT (Gauss)
RS

exp[ (x= c) Jﬁx<c
0'1
f(x)=

exp[ (x C) ]éx>c

02

e, o =k/3, 0, :k3/3 , c=Current Pos .47 k, =N , ¥ B _String ¥ 1k A x(g')(t) SR wR AN, A
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k, =k, , Current _Pos =k, ¥ 2.

B Ja A AR S BAT T L1 o s 4 R R 1k TR AR A P I S 50 e

(1) Wov,, =5x@/T)" ,Hrf ¢ AR ELT £ 8 E RS LR IERREL « 2 ih RS 5 (A it
xK=1.2);

(2% I w=1;c1+¢,=2, ¢, = 2/(1—exp(—0r))  Horh, ¢ B IEARWE ¢ I 1 won 1R 9 S5k w5
x () B, 7 B E K 0 R RS HLEEE N o0 12 IR (AR SO 0 =0.4).

REHE.

© WIUHA B ek ) D0 B2 3K H 1) ) R 46 A b ki 7 1,304t L1 AR 7SR R BT 5 6 7= A2 il T R i
G R B s Re 0k P o R i oo 3, P A g — AR T e 8 B — AN E BL 0.2 [RESREC 1,1
0.8 FRIMEFREL 051 5K I3 B B BUAN A KL - 45 T WA R A R SR DR 1 () g 385 10 et 1 PR 1,
TR X0 B0 A% B (KR U3 FE by [—5,+5 1.2 1) A BT i AR U =0 NI AR B TOAR SCHL T=300);

@ FRIEAR Q) A3) B AL T, VT SR T R N

@ A SRR 3 PV B i T A — AR 3 N R, DU I8 A e L 55 T BE B R kL

@ 25 ST AR T PP B S v PR PR B v T A SR SR DL N R, DU A SR e R 1 x () (e) SR
BT R0 3 N e 78 (KR, R B X0 () 5

® # x®(0) E8 Y ACBA AL T F T x €0 (6) (ARSCH Y=15), RS E S50 ¢

® M—AKLA B AT SR (R B S EARA R AR R ARSI E=5) B 68 1L F0 8 EAT W iR 1k

@ & =+ ¢ < T 5 @; 15 W) S A Ja B s 7 6f I (1 J /s S O SV 45 R

4 SKESIRFNLSL

4.1 KWLEHE

AR UL AR E R KSR IR 11 Bl SR K R RS AR 5 E S 502 56 B O BCRE b SR /K IR B 45 5 4% 100 41,
JEUE s £ 5 Na',K',pH,C1 ,Ca™ X 5 AN LAl (14 H 45 5, 5 JR 4 5080 32647 22 B 43 23 #T (principal component
analysis) b HLUS 3 BIQNE] 2 JRos 1) 2 405 5 B KR o Rom E s LYBKR o Rom R 2.

1
voyital
- Vaﬁfet
» - fourou
0.8 *+ + Rokkou
olvic
o Kireira-mizu
o o5 « Crystal
ODBF e®p 2 Minami-alps
L& » Pienal
o Fujisan
o5 s Shimanta
0.4 &
0z
el
0 02 0.4 06 0.8 1 12 14

Fig.2 11 kinds of taste signals of mineral waters
B2 11 B SRR RS 5

42 RWHER

T 3K Al 55— S B 1) e R AR IS 5 I ML RO U6 0 B SLAR SR O SR RS 11 Fo 2
KR R A 5 A AR SCIHIR S IR (SR R B RN L=20,v,,,=5x(t/T)' *;w=1;c,+c,=2,
¢,=2/(1-exp(=0.41));4,=0.55,1,=0.1,43=0.15; ¢ = 0.96 , £ =0.01 , » = 0.5 ), FHI T LHIESE: y=0.5). Lk
[71/) BPSO SLi (B8 Pt KN L=20,vme=4w=c1=¢,=1;4,=0.55,1,=0.1,15=0.15;0=0.96, f = 0.01 , = 0.5 )
AL FIR (S HAR AR A L=20, B XME p=0.6,L 7% p,=0.005,1,=0.55,4,=0.1,2;=0.15;
a=096,5=0.01,y=0.5)RAMILEBRAIE . Ll Shimanto 0P8 4 61,5 BPSO SHLiE AR & 51575 kAR
1 000 VX1 300 ¥, 35 N & o6 B E AR AL 15 Bl B 3 AP 4 3T P AR B2 HE 1A 10 R SR KRB A 5 8 B w4 %
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Fig.3 The varying curves of the global optimal Fig.4 The varying curves of the global optimal

particle fitness in BPSO algorithm for the particle fitness in Hybrid algorithm for the
Shimanto signals
K3 A ey R V3 bR B3 1 i 2k
(BPSO %%, %%t Shimanto £1#%)

Shimanto signals
4 ARG N R oR HR Ak 28 1K
(IR A &A% Shimanto ##)

Table 1 Comparison of the hyper-sphere class cover results from the compared algorithms
for 11 kinds of taste signals of mineral waters
R BAFLSRME 11 PSR K R ER RS 7 5 1 45 R X LR R R
Hybrid algorithm Improved greedy BPSO algorithm Genetic algorithm
algorithm
k Var k Var k Var k Var
Vital 10 0.001 947 13 0.000 987 4 10 0.002 677 11 0.002 023
Valvet 5 0.000 309 0.000 951 3 5 0.000 470 5 0.001 053
Yourou 9 0.000 051 11 0.000 5199 8 0.000 319 9 0.000 411
Rokkou 23 0.000 343 20 0.000 3759 28 0.000 624 25 0.000 846
Volvic 2 0.000 014 5 0.002 495 1 2 0.000 006 2 0.000 006
Kireira-Mizu 9 0.000 073 9 0.000 506 7 7 0.000 609 8 0.001 432
Crystal 10 0.000 786 11 0.000 052 3 16 0.000 490 12 0.001 551
Minmi-Alps 3 0.000 194 5 0.001 1321 2 0.000 519 4 0.000 938
Pierval 14 0.000 308 10 0.000 443 2 16 0.000 574 15 0.000 883
Fujisan 2 0.000 002 4 0.003 217 1 2 0.000 009 3 0.001 203
Shimanto 11 0.000 243 10 0.000 648 2 11 0.000 458 10 0.000 363
Running time (s) 124.137 8.503 347.139 349.512
(Epochs) (300 epochs) (1 000 epochs) (1 000 epochs)

VSIS R PACPU,512MRAM 2104 H fii, Windows XP % 4, Matlab 6.5 #4-f1,
3 F1IE 4,76 3K /i Shimanto 2038 12878 25 i FE H, 4050 1 000 YRIEAR,BPSO S92 1 4 JR e okt 7 1038

FEEH 0.754 3 4403 0.911 5,71 VR A FVEAH 300 (AR, H4 Ja S A0k 1 HFAE Y B H 0.902 9(AH 24 T~ ebeadk 1) 2%
S BLVE SR A IR AR T 3V B ) R 4K 30 0.926 5. H 7% 1 AT A, S0 A4 2o RV LA T A D O 9 A SR A £ A o R
22, BPSO 5Ly AL LSR5 278 35 N K FFRUEZE Var LT 38 ST 18] A0 25 AR K GEAR R BH [, 14
S0 1000 AR); 8 A 572 3R 45 0 A o de e, U R AR UE 22 Var B AR STV AR K o3, ELIZ ST T80 24 124.137s
(300 YKIEAR), M BPSO vk RS A4 52 1K 3a S 0] 23 531l 0 347.139s il 349.512s. R, ¥R & 5002 LR A IR AR IR
Bk W T RGBS IR i S S O S G & SRR R 1) AR SN I — 2 M TR A X S A E AN TR
M 7 HL A DA i S5 56 Al ik — 25 (¥ 1 2.

5 #%RiE

TP T Fofegy R () 78 8 TR ORI SR A A7 i i) A0 PR TR 5 SR005, ST R ) 17 S0k A A 0k x T i
LI NRV SRR B (7 D@ s R VA R o I R R R 1 3 G U/ e S T o P i AR T
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