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Abstract In order to enhance the performance of artificial bee colony algorithm in solving complex function optimiza-
tion problems, this paper analysed the shortcoming of escape behavior of scout bees,and improved it. The improved al-
gorithm defines escape index, making it precisely reflecting the effect of individual status on the premature convergence
of algorithm, redesigns the selection scheme,making scout bees choosing individual escape operation that might result in
algorithm premature convergence adaptively,improves the escape operator, reducing the blindness of escape operation.
Nine typical experiments prove that the improved algorithm could converge efficiently under assignment convergence ac-
curacy,and the improved algorithm could converge with more convergence accuracy and speed compared with basic arti-
ficial colony algorithm and existing typical improved versions, thus proves the improved strategy proposed in this paper
could boost capability of solving complex function optimization problems.

Keywords Artificial bee colony algorithm, Premature convergence, Escape index, Selection scheme, Escape operator

1 5]

AT 8RB & Karaboga D 2 H i) — 57 048 ARtk
S, RABHSEL 5 TR ITERHRERLD 0F
REFIET BN EXE, FRFSTNBR T B
AT, RTOASAE SRR s —#, A TR bR R
B BB P B R B S IR, AT R B
PERERRAR. D, A ERE THHAFR. . CR8IF
FAXURHBE DL 45 6 22 53 AL SREME , 98 B B SR 280 1 R 3
BCBORES , FEREIE F BB SCRRLOIH IR MR R 5038
PitkBs LB R, SCRRL10 R “ 2 B R 77 A% A
R REAT ST S R LB R SR . ALl E

mf

PIHE B #1:2012-11-27 K45 HHE.2013-03-11

SR J7 AN TR » 245 SCI S O T B R AT D SRS SR B 2k Bk
HEBOK ST B ) , (0 B SO B A B B B A RS
Bk, 23080 T MR bR s kR BT AL ik
g i Al B 38 I e 4% T B 3 B Bk B B e A AT 2R
REMHRHRE. XRERRW, FOBATREHPAER
b By RS, TR T A T e ) WA e A A
E.

2 AIBEZHR

AT SRt E g I B B F R R ER
HIAT R, SRR ST R 5 | 4 e | R R A (T 28 3 MR €, BT
3 PR B B UME B BB AR Oy [ i A, B —YGEAR

AXZINEHETHRE (12ZB112)KE).

! $(1981'—) 7% ,@H: ﬂ‘a#mﬁva:F %ﬁ ’ iﬁmﬁﬁmfﬂﬂ’igﬁg,E—mailggeyuﬂy@yahoo. com., cn;gﬁ ﬁ(1979_) vﬁ’@ivﬁ*ﬁﬁ’m}? %
FOEBFEITE B EG; TEF1965—), B L, 83, AW, FEFRR I RIS HE OB EES R A B 1975-), 8,

Wt , SCHRIT , EEBFFE W A R .
+ 252



TRRIEY 5| Sk | R R AT ER R 3 N, BAKHR R .

Xt F 8/ MERAL R R

Min (f/(X)),Xe&S 1¢H)
K, FOORBRLE BB, X= (21,22, 20)T HAR(DKIE
BUFHE, S={X=(z1, 22 x0)T |z, € [a;,6; ], a,<b;»
i=1,2,-, D} AR @B, W=1{X:, X;, -, Xo} B
BE QM MR KR EE.

(L7

5| TR W b N NMBIRRBUTER #E. B
s, XK X — B () #FT R, AT ME.

xzy =z5 +RX (x5 — ) )
Rz B MEX: 7 R8s I MEXE T B4
BI0;7.k HIRENLEE, B 2#44R AL —1, 1]EMBENE. ;'
FARFIAERE j AR, KR FAMEEN X . BER
WRERFEEFROOBH X, FERN(DOIERMEKRBER K
® trial;,

X, X< (XD
{ 9 f 3

X, fXDHZ=FXD
trial;= {O’_ f(Xi:)<f(Xi) @
trial+1, F(X;)HZ=AX)

(2) PR e

BRREEERE MARHEERTER. B BEH#T QK
HeHE, BRI FA R L HFH W PR ENMEIATR
@—3RW@.

) pigei

P T 7T RE 2B 2k B RIS R AT BB R 4R 1E
AR IE 2k MAX (¢rial, ) > Limit SEEEAME X, P k&
BEFGOEHEBNME X PRE—%0R.

2y =b; +RX (b —a;) 5
K, R BARKEL0, LINMBEVLE b fa; BB HHEER
M E TR,

3 MHEATRHEL

AT SHE P RE AR RIS BE LR RS
B, XTGBT, AT E R B RERER., B
£, XER(1013E B A TR B E AT ERRRBHAR, X
TR MR PERER A R IR B . T UL e YR AT
RFEATHT, R B S TR
3.1 (IEEEEIRITHRTE

Bk ¥ MAX (trial;) 5 B8 limit WE, & MAX
(trial) > limit WL, MIAKSTRIAME X &SRB ERBkK
AR EFRRGHS X #AERF. FRIRESTN
NEBTE Bh LA Sk B BB, T B & S BB Bl A,
HEREWT 3 &:

L. MR MAX rial,) > limit RIS Limit , 3¢
FAFBRILRRE, RAER B L — WK, & limit BRER
X, R A B RS AR S . B SERRRL
EEH W RSN FAFE R R Limit 1, XVRESHE
il AR, AR FRERES .

2. RV R ISTEH B R LB B B AR AR 5 ELAERR B
ZHAESEIT RERTR T , ML 1k (BN 2 W k0T
AREFERFHMON, B, FEEVREISRE LR
AR, U8 IR ANMACR BT R B (rial) , TG 2 WA AL B X
R, BARFEE A HE.

3. BT (R (5 BEYLF A5, Tows A o d il
WIR R, R IRIEATE T B i, NTI B 0B o
IR BERER . Bl AR EALEH, RERAEU/NRE 2R
BEFARSTREERREIN, W (6 Tk @Egki R
BE, B LUK L S e B me B B 1k J5 S O TR B AR R .

EFUESHTAER U E 3 SAESBREMRERN
e AR, (R R B MO B R B, TSR 5 R
RN, KRB H B H.

3.2 (IRERIRITAHRBUEFTR

SR R NER S 30k 3% BB 7 , 2 SO TR e 1) 1k % AT Oy 3k
T, BB 58 3L T phikehs, (AR & R A~k
M HE B BRI R R B kR T, R BRE R E B
P B T B @M EENLH iR AT E S B Rtk
AT R B PATRE 7). AT BT #E.
3.2.1 AR

HT EHEEEMEN B R RAE N, A& MRk
EHTRBC TN AL E X 0 BE AR R AR B W T
RE XKk R G A Esp Esp: (HBK, R ME X BB
Bk TR . TEARXBRE).

Esp;,=trial; —dis; 6)
b= 2

(Dytrial; B ME X RBEFHRE RX@ .

(Ddis; BRMEX, MLEMFHBERENEREE, L
KD,

dis;=| fi—F| D
R fi A X 193E R (B =R (D H93E B BE 3 FCO
BHD , f RFEER AN ENEE. TR, RODEAN
A X, B3 R FE 55 R B 3403 N B I P R BRI AG X A
EXTRNEE ZREERR N, dis B/, LM X L B S B
ZHERRRH T RE K.

3.22 ERAE®RRYET

Ha T AR R RUEE , RS R BR IR E B i, Bk
BETFRBTHEREN BRI T AR Bk , LU
RERHEE R AR, By IR B s BB G BB Bk L O
DhR R N B/ BT LS R R E . A&
b, A A YRR E R SRR S LR B R =
Bk, BEHETHBROANER X, G HBEEBRELN
¥, g HUBBEERH AL R B -1, 1LIEIBEVLE, x5 K
X M SR SRR REFARXG G X 18—
HOBEEFH .

2 =z; +RX (1—%) X z; ®

iﬁtﬁ,ifﬁﬂﬁl‘fﬁ(l—%)*‘Jﬁﬁiﬁﬂsﬁﬁféﬁﬁﬁﬁﬂ%iﬁﬁﬁo b2

b R TARIE 2 (L B AT T4 , 22 SOR PR 4 SR 3 3
+ 253



BEATALER, BP 2 o R T AT AR SR i SRR IR , RAK
R R, FREE 1 .

b,“(.:dfw“‘b,) mod (b,-—aj), -I:]au>bj
.’I,Ji?":' a,-"r-(a,-—z’;}"“’) mod (b,-—aj), lf}ﬂu<aj €)

[
»

H 1 G R

3.2.3 AERBBNEA

R RN T SR limir ¥ %], FRRIE Esp (HREA R
AP A BE R B, AR SR TR A R N R ——E
AR K, B T —Fb B aE R E ML .

X;=Select(M), 4 P,.2R Qo
Kb, MRFEMPE X, € M; X, FRNFEEM ikl 594~
3R R0, 1IN BEDLEG P A ME X BRHEE, BR X 19
B FERHER, 8 LARAD .

Espi—l\/ﬁn(Espi) (11)
Max(Esp;) —Min(Esp;)

3.2.4 BHEHVIRERZITH
Mt fa R e kR ATy ORI R T .

P¢=

i=1;

while(i<<=Q){
FEXELO, LTAB—-BENE R;
if(R<CPy) ¢

B Q0 B Xi ATR(8) ()5

triali =03
break; }
if(i==Q)
i=0;
else
i=i+1;}
3.3 BEMERE

Wt fE A TR B RAENT .

BT BEWSL, I E QMK BIMEX =
(zayzzyrxp)’ B—A D BB, IHEBEHER KM (B
KA R BRE D

B2 MBEPENNE X BILEE—SESR ,, F
AR @#ATES, ARG M HER, AR DIEFHRE
FRE trial;

B3 PAT QUL S, B i —ME v BE B
& X; AT R, R OWEH trial .,

B4 RO HHE Q MERI DR IEHR Esp, I
#AADHES M MER B ESR P,

BE|S BT 3. 2.4 PIERM U TR ERIT R .

BR6 FMRTIB|EEEREM, B XE 0B
MK, BHBBE 2.

3.4 BUHMEATH RS
5FA WA TSR A A e, A SCR S BuE 7 RUE
o 254 -

T IRGEGRIT R . TR BT R TR E B ES
Be, LIEAS G5 B3 H B B 2R .

BRI AR DS R HRE Te k nk K BOR &
B AR R SRRBER IR s kB 3N
k. BT ERN T —RRERITERRN T;;
BEEPA QA ME, MEGEECH D, BB RIMARE G.
MRS MRS BER AT .

1 S HERT TR B 75 W6 B &1 MAX (trial; ) > limit B4,
R G (D Whngk D WHIEF D W) , B I S A
RGN BEXTTAERNY:

O=GXDXQT,+T» (12)

2. W R RN R RITER R

O'=GX[BQ+5D+1D X Ty +(Q+3D+2)XT,] (13)

BESHT

DR EOBERST—WREE, ERE—KERPRG =&
M EER:QXT,

@ORDFRBITEBE T UENE: S f>F 8t dis;=
fi— 8 fi<f Bt disi=F—fi. B TFEBMNE f BiHE
FBEQ 1 WINEM 1 KR, MAMAERN E f; EZRIHEE
EHPEZKEB, B, RDOABEE-KRERNOITRER
H:QXT+ Tz,

BOR@LBAT D Wk D KB 1 WERE A 2D )
ek, MBE—WERPR @O FEWERTEER 2DXT)
+2DX T, +T;.

WOR(DOEETEEA 3D WHEEM D JKORA, A E—
PERP RO AN RHER Y 3DXT1+DXT;,

GRADEWNT Q+1 KBE . Q KR, BB —KE
RPRADFAEHHERE: (Q+D X T +QXT;.

M (12) 3 BXF AT LAF Y A S RER T
THEE MM, BRI BGE K , 7E LR A gt R v 1
XTI HBERILERSERMBEENEITEE, X —8
T XL EAE (R 2)PE8 T RIE,

4 HEXE

4.1 ZEnait

H T iPEE U E B (LUTEY SABO) Ry WSl | 3
B R BRI BE F1 T B R W S5ORS BE B FE R M
&3 7E CPU2. 6G. 77 2G BT E ML L ¥ SABC 5EA AT
R (LATEN ABO #ATRT HHER . SBMAIT 4 4
FEHT: (DB IRENEE, TR B RN (OB EE
RS, X e SABC 5 ABC wh B LBk S5 B h DL &
WS B ; QESHFH P M EREE) BN BRT
e AR SABC HY3E R4 ; (4) SABC 5 SCHR#RE B9
BORB AR i, ft— SRS A SO BGHRR . H,
ABC 1y limit B{EHS% CER[13], % &N :Q* D,

SEREETINT 9 A BRI AR, Horp o TR
BRI, BN R THIRMBELE, TR BB D %
# 50 5 100,

(1) Sphere Model



fi@=3at, |z <100, f(z*)=0

(2)Quartic Function

fo@) = Bzt +random(0,1), |z, | <L 28, f(z")=0
(3)Step Function

F@=2 240.51)%, |2 <100, fz* ) =0
(4)Schwefel’s Problem 2, 21

fe(@)=max{|z: |}, |z |<100, f(z* )=0

(5) Schwefel’ s Problem 2. 22

f@=Elzl+ 1z, |21<10, fz* =0
(6)SumSquares Function

ooy =3zt | <10, fa* ) =0
(7)Generalized Griewank Function

— D xlz B Zi < * N e
fi (x)—1+i§m—il;[l(cos _ﬁ;) | : | <0600, f(x* )=0

(8)Generalized Rastrigin’s Function

fo (@)= 22 —10cos(2mz)+10], |21 <5. 12, fz* ) =0
(9) Ackley’s Function

D D
Jo=—20exp(—0. 24/ %Elx? ) —exp(%iglcos(&m ))

+20+e, |z | <32, f(x* )=0

4.2 HEBREWENIENBEILR
TR EE LG K Bin BEUE SEIR RALE AR 3R

2/MF 1. 0E—4 B PR BB IS, & BB 43 9 MR B

(D==50)M3r iZFTF 10 ¥, FhEE N ME B Q=20, i B 45 R B

SEBME, IR 1 Fre] G R oy B R Sk B S BB Tk
B, EFR B RBUEAE] 1000 #BAWSLEIHE ¥ B ik
TR 0),

F1 EEREEETHLRER

. FHE I

s R I 1)

ABC 690 100% 7.73E—6
Sphere

SABC 37 100% 5. 91E—7

Quarti ABC - 0 1,09e—5
SABC 972 100% 1. 29e—5
Step ABC 373 100% 4. 49E—6
SABC 30 100% 5. 06E—7
Schwefel’s ABC - 0 1. 09E—5
2.21 SABC 37 100% 5. 58E—7
Schwefel’s ABC - 0 1. 12E~5
2.22 SABC 56 100% 8. 15E—7
ABC 558 100% 6. 21E—6
SumSquares o xpe 50 100% 7, 27E~7
_ ABC 918 40% 1.81E—5
Griewank SABC 59 100% 1. 37E—6
" Restrigin ABC - 0 1. 28E—5
SABC 75 100% 1. 19E—6
ABC — 0 1. 46E—5
Ackley SABC 49 100%  9.21E—7

M 1 AT LAE B, % F B3 oK %, SABC R T
100 2688, 3 Bt A AR R /N F ABC, R 2B Quartic i
¥WHh SABC 97353 fAREERAE 100 AN, BiACEREB K
YA B RN SREARE L SRR, T RER A s 8K,

MR BA TR AR B SGE B
4.3 BEEHMCKRB LR ERE 2 RURMAEEH UK
S0 B AN i
SLHH ABC.SABC 435K f# o MR EURLIRE, e E
B LRECR 1000, FEENMES Q=20, 2BI#EFT 10 IR
WREER, N 2 FrFl, Fat& B8 e 50 4ty P2
fh R 2— & 10 fi7R.

£2 HEHMAFTFHIMER

&% w3 2% FHE EE FHu#EGs)
ABC 50 = 2.81E—6 2. 66E—6 1. 09E—5
100 3.23E—3 2.58E—3 1.11E—5

Sphere
sapc 90 L32E-245 6 99E—326  1.33E—5
100  7.71E—242 1.23E—335 1.47E—5
ABC 50 3.01E—1 4, 95E—2 1. 14E—5
i 100 9.21E—1 1.75E—1 1. 17E—5
Quartic

sapc 3.43E—5 4. 77E—4 1. 35E—5
100 4. 09E—4 2.32E—4 1. 49E—5
50 0 0 4.38E—6
100 0 0 8. 78E—6
Step 50 0 0 4. 51E—7
SABC 100 0 0 3. 73E—7
50 56. 35 3.93 1. 09E—5
Schwefel”s 100 81.76 1.91 1. 14E—5
2.21 50 1.99E—69  4.45E—69 1. 34E—5
SABC 100 3.77E—96  8.43E—96 4, 49E—5
ARG 50 2. 54E—3 5.95E—4 1. 13E—5
Schwefel’s 100 7.96E—2 1.61E—2 1. 13E—5
2.22 sapc 90 5.01E-116 1I12E—115  1.33E—5
100 2.45E—105 5,48E—105 1.49E—5
ARC 50 4. 46E—6 3.39E—6 1. 09E—5
Sum 100 1. 63E—3 5.87E—¢ 1.15E—5
Squares SABC 50 2.08E—225 1.09E—329 1.34E—5
100 5, 72E—247 3.31E—332  1.51E—5
ABC 50 2.35E—3 3.31E—3 2.01E—5
100 1. 35E~1 1.29E—1 2.18E—5
Griewenlk 50 0 0 2. 29E—6
SABC 100 0 0 2. 66E—6
50 7.58 2. 61 1. 28E—5
L ABC 100 78. 62 5. 82 1. 42E~5
Rastrigin 50 0 0 1. 54E—6
SABC 144 0 0 1. 35E—6
50 6.67E—2 5,01E—2 1. 44E—5
ABC 100 3.97 3.04E—1 1. 61E—5
Ackley 50  8.88E—16 0 1. 68E—5
SABC 100 8. 88E—16 0 1. 94E—5

% 2 HBEETT PIE ) . SABC R B R ¥ R MRE L
F ABC, X} Griewank #1 Rastring [G)8 , SABC 7& 50 #1
100 4T #PERIA BB BN A%, U6 B SABC A 8E s
. FE,SABC B3 MR 2 1k ABC ik, %8 SABC
R EHEWRRE T ABC. %4h,3% 2 B/ SABC 8 4TE B
te ABC SR I B 238 i, 8 9 ek f5 B gk 3 I i i B BUR &%
BTt S S S8

Sphere Quartic

B2 Sphere RECPHHMME K3 Quartic REFHHIMLE
» 255



Step Schwefel’s 221
~ - ABC i
o — SABC —
b H RN
" oz‘ g10 \"\h\
@ wi W 157 N~
l :
-0, L
T T v ]
00600 800 1000 0 W00 600 800 1000
#HARE HRE

B4 Step RECF-H3E4b 2k B 5 Schwefel’s 2. 21 E¥#k

TR

Schwefel’s 222

0 20 400 600
#ARK

B 6 Schwefel’s 2. 22 B¥FEH B 7 SumSquares FEEY

it LIt ALI
Griewank
w0 —
ol g9 ‘
2 |
LI
10 !
105 L{Eiﬁlﬁi
40 60 800 1000
HARE
& 8 Griewank FR¥CEH#L & 9 Rastrigin BEF B34k
iiE=4 R
100
{
- 1078 L‘
ket
H 1o \
1 1
1078 !

00 600 800 000
FrrE !

10 Ackley l¥CFHihih £k

ME 2—E 10 ATLIE H . SABC (N B EH DR FH A
BEEABILL ABC B LR , 3+ H. SABC 5k i SRS H
RIBLAR, I Lb ABC T 58 B S0k S Fn B B il o B (R
REFER), L H B X Griewank, Rastrigin 1 Step p& ¥,
SABC BB7E 200 (RER ARSI HBBRK. K 9~ REHFE
WAL R TT LAE H . SABC 8875 30k B R Bk 8, (B 22
AP HA AP B AR ERITHBE, ik SABC BF
BAREBSEE , BB RN R 3R T ABC,

4.4 SETUMNENIEREITIE :

BOER MM B G R RITAREBES I limi B4,
SABC REERESH QB MEBD . Hi¥fh SABC 5t
SEIBENE, LRI S Q BURFEBY SABC 5 ABC )
FRBEHAT T L3, 1858 BB EOR 100, B MR
Q M 20 284k 3 50, Bk HEARECK 1000, BRFHIE, 4303%
BETHNME R B Quartic (A K¥) A1 Ackley
CER S A BP0 M REABHITH L, Ink 3 Fiol(E 3
I BAR N HIRIBAT 10 YORBAYEIE, 155 PEE N HIR

e 256

).
£3 HEHATRICRLHIRER

¥% Q=20 Q=30 Q=1 Q=50
9.2E—1  8.9E—1  6.6E—1  5.6E—1
- BB 1 8E-1) (3BE-1 (45E-1) (9.6E—2)
Quartic
sapc MIE—4  57E-4  72E—4  3.25—
ABC (9 3E—1)  (3.9E—4) (5.1E—4) (3.4E—4d)
JNSREN 410 3.21 3.27
(3.0E—1) (6.6E—1) (3.9E—1) (4 8E—1)
Ackley 8. 9E 8.9E—16 8.9E—16 8 9E—16
sapc S 9E-16 8.9 ] ]

0 (O} [V} [}

MEIHBATUE S, EEMBENNMEBE®EL,
SABC {k#R e8|ty ABC B FIEE, S HURERE
%t SABC fy-FRBCRIE B B
4.5 S5HEXMAMNINERIER

R T #E— IR A SO Bk B P R, 2 o ) B 3 3R
RH, ¥ SABC BEIE 10 IREW PRI PI9ER 5308+
o RS RAERT L, IR 4 TR TEREBIDIHINE, A
LS S TR P BT AR E , 10 . SABC sy A%
£ 1000 ¥, i SCAR[8-10] A3 s i AL AR B HE 1500 WA |5
it R AR A3, A SR B R 100 48, T SCER(4,9,10]
WA 50 48, H13 4 AT LAE H: SABC XL 1000 R34k
BABUS T A& T AR [8-10] 74k 1500 YLk L 45 5R, 4683
SABC # to B3R SCERH BB R A E R KSR I
KB RE . *FTF3CHk[4], 1% Sphere fil Schwefel’s 2. 22 FHHL
EALEs B T SABC, B SABC HISREE 2+ H B KT
BR[4](SABC y 100 4, R[4 1% 50 48,3+ B SABC Xf LA
ERRBARBEREAT T 107 LB, B SABC
55 3CAR 41O Sme A L IR A —SE AR

# 4 SABC 5&¥UMHIN LR

*x

™ SABC  xwml{4] xw[8] xmlo] xw[10]
Sphere 7. TE—242 0 1.3E—33 3.0E—16 -
Quartic 4.1E—4 6,5E—2 2.5E—1 - —
Step 0 1.2E—15 - - -
Schwefel’s
2. 21 3.8E—96 19,67
Schwefel”s
292 2. 5E—105 ) 0
SumSquares 5. 7TE—247 — - — 3.3E—21
Griewank 0 0 7.2E—17 2.7E—16 0
Rastrigin 0 0 1.4E—16 0 6.8E—14
Ackley 8,8E—16 8.8E—16 3.4E—13 2,9E—14 5 3E—13

HRIE HRERBA TSR RA R R B R
PR A SCRT EAAT RO , ST T IR AR AT N A
RLFFRM TSR, Bk, BT T RERER. BEME
FEOUH. B TR ET . BELREREZY A RMITLR
R, A CBGE T R R BB A B R,
HR SO B FIR A AR BB T, X B T BUACR .

XXM

[1] Karaboga D. An idea based on honey bee swarm for numerical
optimization[ R]. Kayseri: Erciyes University, 2005

[2] KarabogaD, Basturk B. On the performance of artificial bee co-
lony(ABC) algorithm{ ] ]. Applied Soft Computing, 2008,8(1):



687-697

[3] Karaboga D,Akay B. A comparative study of artificial bee colo-
ny algorithm[ J]. Applied Mathematics and Computation, 2009,
214(1):108-132 )

[4] LiC Q,NiuP F,Xiao X J. Development and investigation of ef-
cient articial bee colony algorithm for function optimization nu-
merical function optimization [J]. Applied Soft Computing,
2012,12:320-332

(5] 24, T8, A5, SCHRFR R EPEmRE W E PR AL
FHEE TR, 2012,20(2) : 422-430

[6] Horng M H. Multilevel thresholding selection based on the arti-
ficial bee colony algorithm for image segmentation[J]. Expert
Syst Appl,2011,38(11):13785-13791

[7] Oztiirk C,Karabo ga D, Gérkemli B, Artificial bee colony algo-
rithm for dynamic deployment of wireless‘ sensor networks[J].
Turk J Electr Eng Comput Sci, 2012,20(2):1-8

(8] 2R, YE&H. —FIHESEHAERT] BHERL SN,
2011,28(2):266-272

[9] Wu B,Fan S H. Improved artificial bee colony algorithm with
chaos[ M, Computer science for environmental engineering and
ecoinformatics, Berlin; Springer, 2011 ;51-56

[10] B4, i mg, W, €. £F B RN Bt epms]].
il 5P, 2012,27(9) : 1402-1405

[11] s, A PEE, T, SRR ] SHENR AR,
2011,28(9):3201-3205

[12] Chen S H,Chen M C,Chang P C, et al. Guidelines for developing
effective estimation of distribution algorithms in solving single
machine scheduling problems[J]. Expert Systems with Applica-
tions, 2010,37(9) : 6441-6451 _

[13] Akay B, Karaboga D. Parameter tuning for the artificial bee co-
lony algorithm[C] // International Conference on Computer and
Computational Intelligence. 2009,5796:608-612

(LBF 244 7

a8, AR ESBR/MEROBELORETTEY T DSS-
VM 5 MEB 2 [B] B98¢ 7R , ZE L BERY 48 9 DSCVM e
RS FERSREE L BT —E R

# £ X W

[1] Cortes C, Vapnik V N. Support vector networks [J]. Machine
Learning,1995,20(3) : 273-297

[2] Chang C-C, L inC]J. Training v-Support Vector Classifiers: Theory
and Algorithms[J]. Neural Computation, 2002,14:1959-1977

[3] Hu M, Chen Y, Kwok J T. Building sparse multi-kernel SVM
classifiers[ J]. IEEE Transactions on Neural Networks, 2009, 20
(5).:827-839

(4] Teedl, XE%, FAM. ETSUMM K TRARBEE
(1], s 723 ,2011,39(8); 1766-1770

[5] Tax DM J,Duin R P W. Support Vector Data Description[J].
Machine Learning, 2004,54(1) :45-66

[6] Kim ] S,Scott C D. L2 kernel classification[J]. IEEE Trans.
PAMI, 2010, 32(10):1822-1831

(7] Yang Y,Wright J,Ma Y,et al. Feature Selection in Face Recog-
nition; A Sparse Representation Perspective{ ] ]. IEEE Trans,
PAMI, 2009,31(2):210-227

[8] Majumdar A, Ward R K. Classification via group sparsity pro-
moting regularization[ C] // IEEE International Conference on
Acoustics, Speech and Signal Processing. 2009:861-864

[91 Majumdar A,Ward R K. Improved Group Sparse Classifier[J].
Pattern Recognition Letters,2010,31(13):1959-1964

[107] Tibshirani R. Regression shrinkage and selection via the lasso
[7]. 1. Royal. Statist. Soc B. ,1996,58(1):267-288

[117 Donoho D L. For most large underdetermined systems of linear

equations the minimal L1-norm solution is also the sparsest so-

lution[ J]. Commun. Pure Appl. Math. ,2006(6) :797-829

[12] RBRR, BRL, BT, S BABEEMARBERERE SR
BT B bk, 2004,30(6) :890-896

[13] Fine S, Scheinberg K. Efficient SVM training using low-rank
kernel representations[J]. J. Mach, Learn, Res. , 2001, 2; 243-
264

{14] Deng Z H, Chung F L., Wang S T. FRSDE: Fast Reduced Set
Density Estimator using Minimal Enclosing Ball Approximation
[T]. Pattern Recognition,2008,41:1363-1372

[15] Tsang I W,Kwok J T,Zurada ] M. Generalized core vector ma-
chines[J]. IEEE Transactions on Neural Networks, 2006, 17
(5):1126-1140

[16] Chung F L, Deng Z H, Wang S T. From Minimum Enclosing
Ball to Fast Fuzzy Inference System Training on Large Datasets
[J]. IEEE Transactions on Fuzzy Systems,2009,17(1):173-184

[17] Bddoiu M, Clarkson K L. Optimal core sets for balls[J]. Compu-
tational Geometry: Theory and Applications,2008,40(1);14-22

[18] Bddoiu M, Har-Peled S, Indyk P. Approximate clustering via
core sets C]// Proc. 34th Annu. ACM Symposium Theory Com-
put. , Montreal, QC,Canada, 2002 ; 250-257

[197 Asharaf S,Murty M N, Shevade S K. Multiclass core vector ma-
chine[ C] //Proc. 24th ICML. Corvalis, OR,2007 : 41-48

[20] #ASCEE, E LW, PRALL. E A KR A P Yl 5r i B ke £ IR BB
Bl R BALLT]. B72#4%,2011,39(5) : 1178-1184

[21] Smola A, Scholkopf B. Sparse greedy matrix approximation for
machine learning[C] // ICML’ 00 Proceedings of the 7th Inter-
national Conference on Mechine Learning Stanford, CA, June
2000:911-918

[22] Asuncion A, Newman D J. UCI Machine Learning Repository
[OL]. http: //www. ics. uci. edu/ ~mlearn/MLRepository. ht-
ml, Irvine, CA; University of California, School of Information

and Computer Science

o 257 -



