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Analysis of ant colony clustering combination based on information entropy

TIAN Li-wei, CAO An-de
(Science & Technology Research Center, Shenyang University , Shenyang 110044 , China)

Abstract: Proposed a new ant colony clustering based on information entropy, introduced the entropy into the LF algorithm,
which determined the state of the data,and reduced the parameters to test and verify the effectiveness of the algorithm. At the
same time , for the information entropy of ant colony algorithm’ s early data were too scattered so convergence was slow. Vulner-
able to the shortcomings of local optimum, presented a combination method to improve the ant colony clustering. The paper in-
troduced K-means to the pre-computation process of ant colony algorithm. Through K-means, it determined cluster center fast
and sketchily,,and got the starting value using the K-means result, then clustered by the improved algorithm. It effectively

solve the slow convergence of ant colony algorithm for the early issues.

Key words: clustering; ant colony clustering; information entropy; K-means

BRI Z I A T2 U 43, 20 HHEZE 80 AEAR,
Deneubourg % N\ T IR AULIIL I B4 28 B ™ R 42 40
TREIASERI(BM) ;)5 L Lumer 55 AT FEAE TR 4T 20
RS T LF 5535 TAER I A AM 7 0 OB B vk Y A
AEN BRI 7533 1 LA A4 2R, JF HLIW B 77 LF
SRt b Ok R WO SRR, SR (1,2 JER I AR TR R
TR B SRS TVE R SCHR [ 3 ] 2 1 A — b ik 715 AR Ay IO SR 26
X7 G SN DN 0 O R SN G 21 VE Y S 1D @)
SEFE RN,

TEWFFEH A, LF A B FIEE T3 R i B SR S LA
—ERJRIRYE, LF S iR 2 28, SHOCE A —E
SERE XSS A T AN i 1 [ I 52 2% [ R e S5 3ot
1 BT B IR R LF R R Sa 8 A5
FEA SN REBAFING: . A3 K-means X5 BURBHFALIEA T
TRALTE, PHis HISCHA RIS SCRaZs R Mt 5 i )7
EAERE A UER I A SIGH B 7 TR A3 1 ARGF 45

1 K-means BEE X

K-means SR FERA RN FH 8 AT R 2R T A
A TR TR RS S HSMABCT-BE ¢ (F.C) 1B R

KR EHI. 2010-09-13; f€EIHHE. 2010-10-29

i C AR AW A RIS oL R R
R G BRI R, 8 H K-means 8075k
JHIR) B bR sRBOE 20 T 7 158 22 HE N pREL .

k
E=3X 3 [p-cl (1)
i=1pec;

o p FRARBARX G o, TRFE C BE(REPL) .
K-means Bk B AR T
B 0 XTGBT R 0B H ks
it AR TR 22 M R BRIV kAR
a) VEF k DX AR R T

b) repeat ;
o) R 5 %A RER BT A FE K X 350 7 21 g
HFGR IR

) TR IME ;

e)until FEMY FLOAFIASAL

K-means FIE IR $ 8 7 J7 15 22 R B B /N 3 & A>3
O ASE RN OT HAHE 2 ) i DX W I B A ROR
U 5 A BB A B, K-means B8 75 5 A BT 14 w] A 245 P e
RO, K-means BT EAFTERY 0] U Y45 R % 5 HIX
AN RIS E , R B TE TR e th e
A B ECH ks

HEEMB. T74 848854547855 8 (20082002)

EEBAN .\ AR(1973-) , 5 AR AL K #I%  HEE, EE2MA T HHE ERP 2L F R E W 554, & ©17(1986-), 5 , #1463 M A,
AR A, ERHTR T @A YT A4 HIEILES R LI B 2R (cad19861014@ 163. com) .



« 1270+

it ooE R OB R

% 28 %

2 LF EEERGEH LF 5%

2.1 LFEZEMEERRE

TE—A Z x 7 0 FAG Fb 0 i 7 Ml s BT ALE 3] & [
S xS BYIXIRAF P IAR CFIIFRXT S ) . X4 0, TEH - 5
R AE LB #X (2) 1183, Jerh o 2 — AN A S B 1Y
SR, d(0,,0;) WIS 0, Ao, (FIEE 3 H H FHROUL T
R,

i d0,.0)

f(cL){ Soedmo T w0020
0 otherwise
ky N

P00 =G0 3)

2/(0;) i f(0;) <k,
Py(0;) = (4)

1 if f(O;) =k,

FE LF B3 v g s R RN — A% 42 1 mT e e =
(3) (4) Ay, 6 R sl B 2 o B — AN B AILER -
SR A A R T R LA A REALE NP 4
AT T EAE, X ABEILEL r & T B X R ZpkdaR ak
HCR  NITRZEH A2, H ) M — s A X QR BE T,
A% R G0 R I ST R
2.2 ERERLF BiE

3 HLURJH Shannon ™ 24t #4956 T35 B & 3 % « 2
—BENLAS 5, X JE AT BEAY BB AR & (S AVE G 75 22 2
1) ,p () JEBUx (EAYPTREVEsREL, 1580 E(x) BIE XU .

E(X) = = 2oy P(0) g p() (5)
TBOE AL B A A5 AN SR PRIl S AR S, T
E() == B o T (pCr)p(e))le (p(r2) op(x,) =
E(X)) +E(Xy) +-+E(X,) (6)

number_of x

p(x) = (7)

number_of_objects
Horp number_of _x J& S x S X B A = x BOXFZRAEL
number_of_objects J& S x S SR FF AY X2 B

ARSCAAL G LF S35 5 [ 30F T 45 B (entropy ant clus-
ter, EAC) MM, AAITTCZE T 0 dC45 E2 slg i R,
FEEAE

a) —DARARAYIBIFL FIXF G 0, &b T JH S x S XA
X RAE B, BIRARIEEXT S 0, AT 05 B A £, Fhik
X4 0, JEZ XIS SRR B, S5 ENY if E, > E, )
HEMR 0.

b) — AN LR O0; YIRS )23 |1 22 40 TR FL S x S
DX X A5 B, IRBER T XA 0, B AE B A
E IR XER 0, JFiZ XS5 B ALK E, 5O I if E,
> E, JWHCTF X4 0,

LF Sk feitid =0 2) SR ARLEE | SR i W3- e i ek
B (3(3) (4) ) RIBXG 54BN A RIS e 45 — 1B
BUECRFIWT A5l AR T 250, ARRLEE 5 R e ity
RKBEALYE , SEEEBOEAT IS L, 35T EAC 5k
WD T SR IR T RIS R (B R TR S HT IR A

AR, EAC Fak 2 th BUS SR L sl i T S5 18 0, 2 B A
JRFBER M . A SCHR T T Kemeans 1 25CiE AR IORE 2R 26
ﬁ&o

3 EF K-means ¥ E RPN ERREESEHE L

T3 SR HIE | K-means SO SIGH B LR IORE SRS 512
e, TS LA Kemeans FE R SO B 502 i
K-means [RE K 0% Hb A 2 SR 2 o0y, B “EWER , FIAH K-
means J7 12 IS5 RAE 0 (5 SO SRR BB, 5% T 904
Bl R o3 O™ AR WORE SRR A S i S AR, B3t
ARV SREHE SR 5 X SRS AT P BT B « () X 438 2o 2[R
TIE L AR 5 R AR (B e /N SR 2 X GO E I 2 v
PR G AT AT B L5, DA K-means 597028
SURLRE B R TN T, T DA B R B AR A (MR AR 2
K-means A5 A ECH ) BIEFONE0E HE K-means 537
WAL, (b) TEEMIZR G A Bl b SO B0 45
R, WA ME SR BOE SRR, . — WO AR i B ek
(RS ) mT LAAT R0t v A0 e A 1 B0 B )it R 2 v
FOANE A€ 55 5 55— J7 THE /Y547 20 A X5 mT RUnsgelie 85, 42
(S SV ESRIREL B 20 E Vbl N

PRI K-means V5 Tl 58 5K fif 58 2 1) 230 ) 47 6L 5L
RESLME A — RO SR 2825 7 6 (KIEAC) RVEANR

a) B K ARIIRERSE L C LG L G o G

b) BASPFEAEEE | X | b2 B 0 8 i/ DN 8 i U 3
Bish k DEEPORIHE—A C

1

o) AT T0 (= 1,2, 00 W € =3 X,

b v RS | RIS S BE AL

d) RN (a) T ENFE A9 0 A AR Ak B Pl 43 2%
B E BRI v, B €, = €5 (b) BARBOR T & 105
max_cn; W b)

) WILAAAE B . Komeans 30248 HR IO R
Bl Co(i=1,2,-++,N) jen WG, n IR, &, 0145
LET VS ik

£) XFGEN A A 155 B AT IS 18] L, 4 de /M B
E(X) R4, HEC -Cl<e ¥ g).

o) BRI, WG WL R AR Dy 1 RS B, B IRUAR 15 2 R
RIS E AR/ BN RS PR B B, R E, 1) FLERR FWT T
SRR,

h) until #5512 PF, W DL RN R I RD ARk & 0k (a)
1C; - Ci<el Ll C; FFHEH RIF T K-means 3% 4 i 5
Hu B (b) BEAURBOR TR ARSI, 5 — a5
B35 AT TN Gt e [ 2

HTF K-means A5 B WURE R RAEFERE WA 1
FR

4 EiEmhik

SR HLT UCH ML 2 2 B8 5 19 iris A1 wine 2 bal-
ance B (F 1), XEEIRIEA H 28, 7T TR 280



%40

W, R T SR e AR R WA S kAT R « 1271-

BEFT M. A SC 4 B KMEAC | LF 1l K-means 33 1 #F 17
izt

PIB bR KRR | FIK -means| T
tclimax_on| T | EITHAR |
E
A FYNTT
[tk [ R R | — S e KR

1 ZEFK-meansiI{E B MBHREARGEE
1 BIRERR

B R A iris wine  balance
LS PN 150 178 214
Ja A~ EL 4 12 4
P 4| 4 4 4

AT KIEAC  EAC Fil K-means 332 (107 Y 307 ] SF
B AR L S KRR BGIEAT LA, 3R 2 TR
K-means H' K {HA 3, KMEAC B4 S50 % A A Pa 45 5
AT 100 Y,

#2 EAC KIEAC A1 KEAC X503 6 A iy it 4%

iris wine balance

[Ex =l
EAC  KIEAC KEAC EAC  KIEAC KEAC EAC  KIEAC KEAC

FoREfRkE 107 5500 5500 105 5500 5500 105 5500 5500
FHPATE /s 56,52 1.32 1.27  62.24  1.42 1.38  106.01 2.34  2.30
TR 6.71 4.35  4.43 811 475 491  10.34  7.53  7.67

ST R/ % 4.47 2.90  2.95 4.56 2.67 2.76  4.83 3.52  3.58

i 2 AT TR A SR B LT BAC B2kt 10 79, 1M
KIEAC Fll KEAC 324t 5 500 YRk b LF Bvk4r 280580 1, W
W RIA H EAC 559% b KEAC F KIEAC 333 P B0 Tl
PR 3 PR AR RO 430 DR A I, I ) A B A i
TEFA R B 1 e o 2 H B SR R R A 4
PAECT R iy (B 48 28 70 TR AR AR S B = [, KIEAC
FHEE KEAC B3 2 (FJRMER 34 =, il LA 1 KIEAC 9%
TE S /NI R S ) RS AE BT 2 (B HI I T 3k
HEEE

223 43 M1 KIEAC [ 7 B R P 8Y & FAE 4 1Y K-means
Ab TERZEMERE L ZEE S8 T K-means .75, HH T K-means
AT (R A5, PR AR SO B T e I T 281 IE I 48
AT A RS B b, T KIEAC BAE R B IR R B
FIAEL X T EAC SRR ] AT T — Mk AU

K-means BIEAR PSS, Joik gk 2 dE 47, (H BT A5 21 /9 7 7Y o
%3 KIEAC FI K-means X 5008 824 14 I 3 45 S

iris wine balance

[faeu]

KIEAC  K-means KIEAC  K-means KIEAC  K-means

SFRGPAT IS /s 1.32 0.03 1.42 0.03 2.34 0.18

PRI 4.35 15 4.75 51 7.53 >10

5 R % 2.90 10. 00 2.67 28.65 3.52 >50
sEE5iE
5 45 EE-LIZI

ASCHR T —F5 A K-means A >y T4k #4525 52 4 el afE 9
WREE (KIEAC) L iZ )7 il it K-means PJRE HLIE H57 & B
iy sl i / IME SR AT K-means 153 RIS g —TR
FEAL, TR RSB AL B 00 15 2 BRS04 28 4k, 985
EAC BVEH T B, B T EAC BRI IR B Ber:
AR, R IR PR E 20 S E R R4
56, TR IEe N T E IR S B,

SE Lk

[1] YANG Yan,CAMEL M. Clustering ensemble using swarm intelligence
[ C]//Proc of IEEE Swarm Intelligence Symposium. Piscataway : IEEE
Service Center,2003:65-71.

[2] A&, BHT, X0 REFMAGBFIL R[] H izl 5
M ,2004,40(8) :90-91.

[3] WU Bin, SHI Zhong-zhi. A clustering algorithm based on swarm in-
telligence[ C]//Proc of IEEE International Conference on Info-tech &
Info-net. 2001 ;58-66.

[4] Z#HT FE ZBLES LR LA[
2003:274-391.

[5] BARBARA D, COUTO J,LI Y. COOLCAT: an entropy-based algo-

M), 5 S HF A

rithm for categorical clustering [ C]//Proc of the 11th International
Conference on Information and Knowledge Management. 2002 : 1582-
589.

[6] MR, L, 2w & T8 88 AMAEH A6 HIEIZHIT %0
w5 SA[T]. T4z R ,2003,39(23) :180-182.

[7] P&, PEE ATRELBOBBREREFT EHR[]]. FHEM
45 A ,2009,26(8) :179-184.

[8] ARk, Ak 3-F BHREMEF FOHA[I]. HAnTE
5 5 )8 ,2009,45(18) :146-148.

(L% 1268 T)
S E k.

[1] GOSAVI A. Reinforcement learning: a tutorial survey and recent
advances[ J|. INFORMS Journal on Computing,2009,21(2)
178-192.

[2] LIN C K. A reinforcement learning adaptive fuzzy controller for ro-
bots[ J]. Fuzzy Sets and Systems, 2003,137(3) : 339-352.

[3] CAMPO I, ECHANOBE I, BOSQUE G, et al, Efficient hardware/
software implementation of an adaptive neuro-fuzzy system[ J]. |IEEE
Trans on Fuzzy Systems,2008,16(3) :761-778.

[4] ALAB E, DORRONSOROR B. The exploration/exploitation tradeoff
in dynamic cellar genetic algorithms [ J]. IEEE Trans on Evolu-
tionary/Computation,2005,9(2) :126-143.

[5] TAN K C, CHIAM S C, MAMWN A A, et al. Balancing explora-

tion and exploitation with adaptive variation for evolutionary multi-

objective optimization[ J |]. European Journal of Operational Re-
search,2009,197(2) :701-713.

[6] JOUFFE L. Fuzzy inference system learning by reinforcement meth-
ods[ J]. IEEE Trans on Systems, Man and Cybernetics Part
B,1998,28(3) :338-355.

[7] ER M J, DENG C. Online tuning of fuzzy inference systems using
dymamic fuzzy Q-learning [ J]. IEEE Trans on Systems, Man
and Cybernetics Part B,2004,34(3) .1478-1489.

[8] VALID, VAHID J M, MAJID N A. Fuzzy Sarsa learning and the
proof of existence of its stationary points [ J]. Asian Journal of
Control,2008,10(5) :535-549.

[9] JUANG C F, HSU C H. Reinforcement interval type-2 fuzzy con-
troller design by online rule generation and Q-value-aided ant colony
optimization[ J]. IEEE Trans on Systems, Man and Cyberne-
tics Part B, 2009,39(6) :1528-1542.



