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Abstract
multivariant optimization algorithm (MOA) because its multiple searchers (atoms) are variant in responsibilities. The

In this paper, we present a swarm intelligent algorithm and study its convergence property. We name it as

solution space is searched through global-local search iterations which are based on the collaboration and coordination
between the local and global search groups in the MOA. In each iteration, the global atoms explore the whole solution
space to locate potential areas and then multiple local groups with different numbers of local search atoms are allotted to
these potential areas for different levels of refinements. The historical better solutions are recorded in a structure made up
of a queue and some stacks, according to a certain rule. The candidate solutions in the structure are improved iteratively
and will converge to the optimal solutions. A theoretical convergence analysis based on Markov process shows that MOA
converges to more than one global optimal solutions with probability 1. To evaluate its convergence property, MOA
and other five frequently compared algorithms are employed to locate the optimal solutions of thirteen two-dimensional
and ten-dimensional benchmark functions. The results show that the MOA has competitive performance to the other
algorithms in terms of the convergence success rate and accuracy.
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R fe ) LR m BRI R e ). ARk #¢
I8 1K) 4 Ry TR T S 308 SR W R RV A AN [ ) e )
KILARH EEL R DL U I B2 B 2% A R
b R T A A RS, A R B R
SEZ RN ZA R R AR S R Y. A T f#
e X IR A EF A EAili5 0 A e = AP VB e ]
A AR A 5 N AR AR T R 2
Weast AL SRS Bk, 2 AN BERAE AN F T X
MSTAY R, W99 T ZIERTHAI . 52 5 KTk
B2 A A E 51 ) 5 e & B SR SOE L
AR B B R L, Yang $6 HH 52 K B (Firefly
algorithm, FA)M. FA Hike | ARSI )E
B B ANMAAZ UL, IX b SRS A B T30 e Wk, 4 v B0
(RIS ER®). Liang SRt 5vL00 5] N384 %
BER RS ELT R T S A B R T RSV
(Dynamic multi-swarm particle swarm optimizer
with harmony search, DMS-PSO-HS)!. DMS-
PSO-HS 53k 700 kA% T ahA 2 RERL 1R SL I 4
JR A 2R Be )RR 7R R ) R R e ). X ek
(A —E FEE 3R T Af R 2 2% RE In) LI i
SRTMATSRAT gt i 23 ). e AT TSEE R FE R 5 5 )
AEVRASL G T U R R AR R R A s R B —
i s 20K 1) 45 ey A A B LU S A 2 TR A AT
Ui

BT NI RCR, 25 8 30T LA s 454
R Rl ARG T MR T AR S R 1 2 T R
RS TR MEREA S TAFK 2

TUARHE R T RLERATT R 2 Je Ak 55092 (Multivariant
optimization algorithm, MOA) fiy % %51k 7E
MOA ', ZAMRANMMA (Jo) TR A 45
A R 0 25 0 S B A5 R IR, R R 4y
TN A AT 2R LA a4 R B L. 8 R ooi%
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Fori=1:m //&R¥%R
G! — WP (1) AR

F(GL) — VFh G
End For
WA f(X1) < f(Xpign) B, H
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RS HAT B, &t BRI RRIPIRE D X (1),
NI ZI SRR X (t+1). HZ o
RIAR 2O R T LU, 48 R ouH R s TR A A A
WUIRMER P(X (t+1)|X () #BEF—RE. %
MESAMO T 4T S5 AR PR X (¢) H2— S
(B G D

P(X(t+1)=X|X()=X;)=¢ ¢>0 (5)

o X, X RFMEERRS. aTI {X(®),t >
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PRI T IR B e R R A 23 T A R, Dt 22 ol
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B4 SR I AR, B
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WERR. i t BRI AR AR AR AN 0 1Y
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0),t=0,1,--), i
P(F(X(t+1) > 0[F(X(t)=0)>£>0 (9)
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P(F(X(t+1)) =0[F(X(t)) =0) =
1 — P(F(X(t+1)) # 0|F(X(t)) = 0) =
1— P(F(X(t+1)) > 0|F(X(t) = 0) <
1-€6<1(t=0,1,---)
v LA
Pyt +1) < (1=&PR(t) <--- < (1 =€) Py(0)

KA Tlimy oo (1 =€) =0, H 0 < Py(0) <1, FrbA
Yt — oo I

0< P(t+1) < (1= P(0)=0
i, lim, o Py(t + 1) = 0, 2 EFiid
lim P(F(X(t +1)) > 0) =
1— lim P(F(X(t+1) =0) =
1 - lim Pyt +1) =1

Ht, lim, oo P(F(X(t)) > 0) = 1. O
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Table 1  Benchmark functions

i€ PRI ] 353 AR AR € r
d
Michalewicz 3 (sin(“Z £))20 sin(zs) + 1.81— (0,5)P D=2 [2.20,1.57 0.1 0.1
i=1
5 2
> ¢;-cos(zim)-e”® +5.163
i=1
zi = (x —a)®+ (y—b:)?
Langermann a=1[3,5217 (0,10)P D=2 [2.00,1.00] 0.1 0.1
b=1[52,1,4,9
c=1[1,2,5,2,3]
d o d
. X ()% (- > 22) 4
YangStandingWave e — 2 =1 H cos?(z;) (—20,20)P D=2 [0.00,0.00] 0.1 0.4
1 ‘sln [m(z1 — 2)]sin [7r(ac2 —2)] |
Damavandi w2 (1 — 2)(z2 — 2) (0,14)P D=2 [2.00,2.00] 0.1 0.15
@+ @ =72+ (x2-7)2)+1
¢f1 ~ cfio: Sphere function D=2 [-1.94-3.78] 0.1 0.1
CF1 vy G0 = [1,---,1 —5,5)P ~1.94,-3.78,—1.54,1.61,1.34
(61 10] = ] (=5,5) D—10 | 05 01
A1, Awo] = [0.05, -+ ,0.05] 2.45,1.79,3.75,0.13, —0.08]
cf1 ~ cfio: Griewank’s function D=2 [-3.85,3.42] 0.1 0.1
CF2 81y Bio] =[1,---,1 —5,5)P ~3.85,3.42,1.71,3.07,0.6
(61 10] = ] (=5,5) D—10 | 05 01
A1, Aso] = [0.5, -+, 0.5] 2.58,4.03,4.18, —4.02, 3.84]
cf1 ~ cfio: Griewank’s function D=2 [1.06,—3.76] 0.1 0.1
CF3 vy B0 = [1,---,1 —5,5)P 1.06, —3.76,3.96, —2.57, 3.36
2 ol =1 } (=5.5) p=10 ! 05 0.1
A, A] =11, 1] 0.87,2.34,—3.48, —3.68, 0.39]
cf1 ~ cfz: Ackley’s function
cfs ~ cfs: Rastrigin’s function
cfs ~ cfs: Weierstrass function D=2 [3.33,—-1.28] 0.1 0.1
cfr ~ cfs: Griewank’s function
- fo ~cfs -
cfo ~ cfio: Sphere function
61y d0] =1, ,1 3.33,-1.28,1.90,—0.41,0.09
(01 10] 1, ] D =10 [ 5 0.1
iy As] =[5, 2.1, 1, 10] 2.76,0.98,—1.81,—2.50,2.74]
s, » Aro] = [10,0.05,0.05,0.05, 0.05]
cf1 ~ cf2: Rastrigin’s function
cfs ~ cfs: Weierstrass function
cfs ~ cfs: Griewank’s function D=2 [1.60,2.64] 0.1 0.1
cfr ~ cfs: Ackley’s function
CF5 fr o cfs Y (—5,5)P
cfo ~ cfi0: Sphere function
S1,-e i) =1, ,1 1.60,2.64,1.80,0.94,—3.05
[ 1 10} [ } D =10 [ 0.1
Py ] = (4, 5,10 10, 0.05] —1.16,3.56,2.42,—0.38,4.46]

X6, -+ 5 A10] = [0.05 0.05, 0.05]
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BAVREIE IS T4 Rl L. 2 40 10 4Efh
i, e BT E Sy i STk [26] RISCHER [27] £/
FF—30 r 5 MOA BE R &R A%, r 1k
PEXRTEE R A — e g, AR, r —ik
WE AR EF R ZEEM 0.1 ~0.2 54505, X
ENESE SR NS R 1 R E 8 RE

B CF1 ~ CF5 J& Liang 2548 5 &L & %
Z U85 32 bR 202, Suganthan®% 7F A A
F 0T (http://www.ntu.edu.sg/home/EPNSugan/)
BRI T 33K A pR I AR K L BT A P 1) 1 AT R
Wiks 2 R g« #5240

FT A5 25 L 1 S0 LA AR ) (R R B R /N ik
RRUEL. 75 2 g pPifb i @b, BN 20, Bk
EARIECK 200. 76 10 4ErARAG I R, BRI/
h 65, T RIEACIKE N 450. Fkis B K IE AR
A Ik

Z: 5 WA I 55098 DA S SCHR R 45 H 1R 8% B 0
s Enr:

1) R LR B S IR Ik DR v AR s AP o
Hr# (Generation gap) A4 0.8; AT X HAL 7 [ HE 2%
Iy WIBEE N 0.2 F110.0181,

2) [ IE NGB R T UL A AL
R IEA R E 3G I 1.4 3% IR FR 0B R 0.5;
T AL ey A ey 320 1.494450182),

3) AIHI A PRI R AL S WA R A 1%
FRE G A 0.9 2 f 5 Bk k2] 0.4; ik & %L
c 4 1.49445; THi S (Refreshing gap) 4 7000,

4) &L ki TR VL DMS-PSO-HS #
AR # W LS B RO w=0.729,
€1 = ¢y = 1.49445. 1E 2 HEMARALIEh, 5 A~
B, BEASTHRENA 4 ADAME; A8 10 eI n) i,
13 ANFRE, BAS PR 5 AR, F1H o 4R b
R = 10, MHEILIZRE HMCR = 0.98, & t Ik
IEACHHA AR PAR() KIaHE 56 bw(t) MR
YUE:

0.99 — 0.01
— Xt

PAR(t) = 0.01 +
max

g

bw(t) = (0.05 x (UB — LB))e@osx 51 **

Hortt, maz, RS, UB M LB R%a
1 R

5) Wk B BENUIRRI T o b 0.2; W3] )
BH By 15 RIS Yy 109,

6) %A IE: LMk = f R b, 7E 2
YEROLAL I B, BB KCRE Y 5; 22 10 4EIRAL i)

AL, BB 10, HERRIR L A 7 3147 3 Ik
1, R38R — A HERRARR 5 A S BEAN AR, 42 R R
TCAN S NS AR S, R R G AR RN S
FEH I PR HERR R BEAHAE.

3.2 GRS

AL LAA Jy B LA LSRR Dl 3 (s DI Be sl T #
DA I s R OB B ) RSV k3
() B A AR 5 4 JRy e AR 2 T 2 PR DB PR B (W
WiJE) AP ARAE, X 6 NEIE T it AT H AR,
FFHE T S BEWT A I 26 LU T 6 M AR VR A 0 O 1 ¢
S e S B AR A 2 AN e R W St g

K 2 4 6 ML I 13 A4 R AL R
HAT 30 IR SR R Ge vk 451, thak 2 W]
H:

1) fE Rk e @, 2 Jo A S st
BT oAl LAk, AEX 10 4E CF3 s
Porp, HAR MOA WSk bt A R o, Hi2HY
B EAZEAKR. MOA HEAULE 2 4k CF2 R
Perh RAF D B SICR AIK. WT I, B AR T A L,
MOA FEWSh T4 )R B A B . MOA 5
A R Tox e R BT SR, ANXBERS P A B
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Table 2 Static of convergence success rate

BRI o i GA (%) PSO-w CLPSO (%) DMS-PSO-HS (%) FA (%) MOA (%)
Michalewicz 2 100.0 100.0 100.0 100.0 100.0 100.0
Langermann 2 33.0 74.0 100.0 81.5 99.0 100.0

YangStandingWave 2 97.5 100.0 100.0 100.0 100.0 100.0
Damavandi 2 0.0 0.0 0.0 0.0 28.5 33.3

CF1 2 81.5 78.0 100.0 94.0 100.0 100.0

CF2 2 3.0 60.0 94.0 42.5 89.0 47.5

CF3 2 19.0 66.5 98.0 82.5 100.0 100.0

CF4 2 13.5 21.5 14.0 22.0 58.0 66.5

CF5 2 30.5 49.0 87.5 64.0 100.0 100.0

CF1 10 76.7 46.7 46.7 80.0 0.0 100.0

CF2 10 10.0 0.0 13.3 30.0 0.0 33.3

CF3 10 3.3 0.0 0.0 3.3 0.0 0.0

CF4 10 0.0 0.0 0.0 0.0 0.0 0.0

CF5 10 30.0 56.7 3.3 73.3 0.0 100.0
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Table 3  Static of convergence accuracy

PR %L YL GA PSO-w CLPSO DMS-PSO-HS FA MOA
Michalewicz 2 0.003+0.00 0.003+0.00 0.003+0.00 0.003+0.00 0.005+0.00 0.003+0.00
Langermann 2 2.46743.28 2.09543.76 0.007+0.00 1.601+£3.50 0.0424+0.02 0.007£0.00

YangStandingWave 2 0.175+1.10 0.000+0.00 0.000£0.00 0.000£0.00 0.0184+0.01 0.000£0.00
Damavandi 2 7.07140.00 7.07140.00 7.07140.00 7.071+0.00 5.068+3.18  5.013+3.01

CF1 2 0.764+1.64 0.769+1.46 0.003+0.00 0.21540.86 0.01840.01  0.003+0.00

CF2 2 3.196+3.58 2.8404£3.56 0.042+1.34 2.072 £3.12 0.04540.08 0.14740.15

CF3 2 2.060+1.54 1.051£1.56 0.076+0.52 0.553+1.25 0.023+0.01  0.002+0.00

CF4 2 4.25042.38 3.6794+2.31 3.165+1.40 3.557+2.24 1.926+£2.50 1.733+2.72

CF5 2 3.016+2.13 2.1134£2.07 0.517+1.37 1.489+£1.99 0.028+0.01  0.006+0.00

CF1 10 1.964+3.63 4.877+4.7 0.577+0.27 1.617+3.27 4.029+1.85 0.256+0.03

CF2 10 6.24545.27 8.187+4.69 1.392+1.68 5.918+4.68 2.810+0.46 0.955+0.22

CF3 10 7.066+4.19 6.94943.74 4.110£2.81 6.787+4.61 6.1721+3.61 6.378+3.21

CF4 10 9.138+0.62 9.457+1.31 8.865+0.53 8.239+0.52 9.295+0.7 9.671+0.64

CF5 10 3.2294+4.91 5.543+6.31 0.845+0.21 3.15345.13 3.296+0.62 0.305+0.05

SR ZE AR = T CLPSO 534, Hu i ) MOA SRAE O PR B R B AR 3 %
gi Lk, MOA SkBeEMs LL—C KNS AL 2 ﬁWCIﬂJ R RS PERE, A2 T WA 2 Broas i
A SRR AL A T 4k B 4 R i AU, JF BG4 R fe i A BA AT AR o Bl N A e i . e
SR ZE AT S0l 5 A HGAISEE. A TESR Langermann A Damavandi p&ECRATHE 55K 5 G
Langermann Damavandi
2.0 7 2.5
'1!;‘I~|-+4—|-—|-+4—|-+4—|-+4—|-—|-+4—|-+4—|-++

L5y

o 1 | i

XXX XXX

. I =

s Lk -

o oropt B 20 H He ke

= B RO©00006000060000Y
2] =

QGOGOGOO@oeooooeoeooooeo X
0.5 _’\-‘k XX o x %
‘%«X—X I XA XK X=X XXX M= X ¥ X=X X=X

X.
0 Mose e ;k e ‘*T**H*'f'*—**”** 15 1 1 1 1
100 200 300 400 500 100 200 300 400 500
AU AU
CF4 CFs
400 200 3
%\ ,
300 [ ’§~ 150 K
**‘** ‘ n
- AT -
= ok S Ky
5 200t ?%mww&ng 2 100 _lk\**
ol
E‘ *_ix_. Bl %x@
9 100k &*’*M%L B 5 [0 QBB00000000060000000
FXK ok ek sk 5 "Mt**w
%* % : W
Y H*H*—m
. . . . 0 £ ot s s e st s s e o e e
100 200 300 400 500 100 200 300 400 500
AU IEEL
— 4+ —GA -—O— PSO-w -+ CLPSO - —x— DMS-PSO-HS — % —FA -~ X - MOA

K2 SR R {E

Fig.2 Averaged fitness-value curves



5 10 PR 2SR RS 957

PE, JRES R BRI SRS Bk A R, REBURER
sk, CF4 M1 CF5 HAKZ IR AL, 2 R
WA 2Z (B W 5 | 25 2y R BURAE 2 MR 2 TR 57 %
MEE L.

& 2 7 Langermann 1 Damavandi & %{
& N BE A i 26 T CUE H, BE A 2 AR TS B
MOA S35 PG Y BEAE AW FRA, 1 HoAh 7 V5 (3
PR BN —H 5 A AR L. w0, BEAE AR B  1G
hn, MOA Sk R Bk HH G 11 R 25040 S 38 B B 1) 4
Jey s MRS T LAt SRV 2% T B N ) 08 s A A 1 -
Ak, XEH T — 7 MOA Hikd 4 JRoofe
FFOGEAR AT 4 SR M 52, — HOR BT 0 X 35
SERPAEAZ X 5 N B AT SR A 2R i R S B B DX 38
2 JR) TG AE B BB B A v e 20 BA A ) i T B A
B BAF): 55— 7 MOA Hikh /iR o A4 /ot
AT = AR R, W T R R R
RILWT Damavandi BR 2556 55 4% SR B D0 AR 1)

Hi&l 2 v CF4 1 CF5 bR 50 N 8 3 it 22 m]
DUE th, B AR RE 1S I, MOA F1 DMS-PSO-
HS WA 22 B S0E R0 3 AR AN W 4230 4 Jm) B AT
T H A 7 925 AR . P AR IA B3 — r e AN F AR k. ]
W, B EARUE R i, MOA #1 DMS-PSO-HS
PRAN 22 BE AR 52 22 J A8 WA o s s /> i HG A 4592
B Iy AE 2 A WA 22 18] 78 P GBSk, AN BB 7]
LS. JRNAE T 2 BRI & A TR
— JR3 S DX SR O AT IR A B R X A ) LAl AR
R A=A 5 R, X FE A FRAR T 2 JR S i AE
PO = RESiapAl

4 £Eit

AR SRR VT SR 2544 (1R L, A B A A0
MR HOLE RGN, R T Fh oot i i
RIAHTE. 2L R AR . RE LU RN
I ARG BEAE 221 Jml B B DL gt 4K 31 42 ) B AL it

AN RS R A BIYLE R, B -
UEW] T HEIR 2 DI 1 ST 2 R e . At
SCU6 45 KR W], MOA S35 HAh 5 AN iy #E
MR AT P AT i (O SR D R ARG JE, 03 2
FEIR SRR SR AR A 2 AL ) AL

AL ETANA T 20 AT R R SEA S5 Ik
W1 T Sk, DLUJS (9 AR K A2 B0 Sk 1 i 1
S A, R HE D R R R AE R g R 2% S )
LSS D A RIRG S

B
&Y Suganthan A1 Yang #U%{E http://www.

ntu.edu.sg/home/epnsugan ! http://www.math
works.com/matlabcentral /fileexchange/29693-
firefly-algorithm [ 7i_- /5= CLPSO. DMS-PSO-
HS. FA PLRE A I e 2 G

References

1 Sivanandam S N, Deepa S N. Introduction to Genetic Algo-
rithms. Berlin: Springer-Verlag, 2007. 78—82

2 Li Ren-Fu, Dokgo Myongchol, Hu Lin. Path planning based
on PSO algorithm convergence and parameters analysis.
Journal of Huazhong University of Science and Technology
(Natural Science Edition), 2013, 41(S1): 271—-275
(ZEE, SRARHIET, W, JeT PSO SEMES A RISt 5 54
. P RECR R (ARRER), 2013, 41(S1): 271-275)

3 Liang J J, Song H, Qu B Y, Mao X B. Path planning
based on dynamic multi-swarm particle swarm optimizer
with crossover. In: Proceedings of the 8th International
Conference on Intelligent Computing Theories and Appli-
cations. Berlin: Springer-Verlag, 2012. 159—166

4 Liu Chang-Ping, Ye Chun-Ming. Solving permutation flow-
shop scheduling problem by firefly algorithm. Industrial En-
gineering and Management, 2012, 17(3): 56—59
USRI T A /K A ) U ) 8 i ok v sk e, ol
TR, 2012, 17(3): 56—59)

5 Tang K, Mei Y, Yao X. Memetic algorithm with extended
neighborhood search for capacitated arc routing problems.
IEEE Transactions on Evolutionary Computation, 2009,
13(5): 1151—1166

6 Wang H F, Moon I, Yang S X, Wang D W. A memetic
particle swarm optimization algorithm for multimodal opti-
mization problems. Information Sciences, 2012, 197: 38—52

7 Zhang Yong, Gong Dun-Wei, Zhang Wan-Qiu. A simplex
method based improved particle swarm optimization and
analysis on its global convergence. Acta Automatica Sinica,
2009, 35(3): 289—298
(535, UL, SRGIRK. —FhhE T SR Al T3 1 el ok ok B AR AL 50
FICSEE AT, 13IEAER, 2009, 35(3): 289—208)

8 Liu Chang-Ping, Ye Chun-Ming. Mutative scale chaos par-
ticle swarm optimization algorithm based on self logical
mapping function. Application Research of Computer, 2011
28(8): 2825—2827
(AT, 2R W)L LT3 5 B W (K38 ROBE TR DR 7 REDR AL 5005
PHRAUN HBFIY, 2011, 28(8): 2825—2827)

9 Brits R, Engelbrecht A P, Van Den Bergh F. Scalability of
niche PSO. In: Proceedings of the 2003 IEEE International
Symposium on Swarm Intelligence Symposium. New York,
USA: IEEE, 2003. 228—234

10 Liang J J, Qin A K, Suganthan P N, Baskar S. Comprehen-
sive learning particle swarm optimizer for global optimiza-
tion of multimodal functions. IEEE Transactions on Evolu-
tionary Computation, 2006, 10(3): 281—-295



958

H Zl)

(4

{4 41 %

11

12

13

14

15

16

17

18

19

20

21

Li Hang, Li Min-Qiang, Kou Ji-Song. Dynamical behavior of
genetic algorithms on multi-modal optimization. Acta Au-
tomatica Sinica, 2008, 34(2): 180—187

(B, i, SEALH. AL SRR 2SI R B3 otk A
LR, 2008, 34(2): 180—187)

Wang Z, Tang K, Yao X. A memetic algorithm for multi-
level redundancy allocation. IEEE Transactions on Reliabil-
ity, 2010, 59(4): 754—765

Li Min-Qiang, Kou Ji-Song. Coordinate multi-population
genetic algorithm for multi-modal function optimization
Acta Automatica Sinica, 2002, 28(4): 497—504

(ZEH0R, Sttt 2R R AL Y B IR 2 B s AR . A gk
4, 2002, 28(4): 497—504)

Yang X S. Firefly algorithm, stochastic test functions and
design optimisation. International Journal of Bio-Inspired
Computation, 2010, 2(2): 78—84

Liu Chang-Ping, Ye Chun-Ming. Novel bioinspired swarm
intelligence optimization algorithm: firefly algorithm. Ap-
plication Research of Computer, 2011, 28(9): 3295—3297
(ST, . — POt 07 AR R L AL S0 R AR, 3
SHLS WS, 2011, 28(9): 3295—3297)

Lee K S, Geem Z W. A new meta-heuristic algorithm for
continuous engineering optimization: harmony search the-
ory and practice. Computer Methods in Applied Mechanics
and Engineering, 2005, 194: 3902—3933

Liang J J, Suganthan P N. Dynamic multi-swarm particle
swarm optimizer. In: Proceedings of the 2005 IEEE Inter-
national Swarm Intelligence Symposium. NewYork, USA:
IEEE, 2005. 124—129

Zhao S Z, Suganthan P N, Pan Q K, Tasgetiren M F. Dy-
namic multi-swarm particle swarm optimizer with harmony
search. Expert Systems with Applications, 2011, 38(4):
3735—3742

Li L, Tang K. History-based topological speciation
for multimodal optimization. IEEE  Transactions
on Evolutionary Computation, 2014, (99): 1, DOLI:

10.1109/TEVC.2014.2306677

Li Min-Qiang, Kou Ji-Song, Lin Dan, Li Shu-Quan. The
Basic Theory and Application Genetic Algorithm. Beijing:
Science Press, 2002. 78—79

(R, s, MY, B4, BERANIEA SIS 5N, bt
RBEEHRAE, 2002. 78—79)

Pan Feng, Chen Jie, Gan Ming-Gang, Cai Tao, Tu Xu-Yan.
Model analysis of particle swarm optimizer. Acta Automat-
ica Sinica, 2006, 32(3): 368—377
(0, BRAS, HUIRI, 896, WFE. BT R EARAL 1. A
AR, 2006, 32(3): 368—377)

22

23

24

25

26

27

28

29

30

31

32

Pan Feng, Chen Jie, Xin Bin, Zhang Juan. Several charac-
teristics analysis of particle swarm optimizer. Acta Auto-
matica Sinica, 2009, 35(7): 1010—1016

(W, PR, Ek, 5KIE. BT REOLAL T i TR 047, A shifesy
&, 2009, 35(7): 1010—1016)

Yu Zhi-Gang, Song Shen-Min, Duan Guang-Ren. On the
mechanism and convergence of genetic algorithm. Control
and Decision, 2005, 20(9): 971—980

(TN, R, B2, BME SR N S S ERT I, il vk
#, 2005, 20(9): 971—980)

Jin Xin-Lei, Ma Long-Hua, Wu Tie-Jun, Qian Ji-Xin. con-
vergence analysis of the particle swarm optimization based
on stochastic processes. Acta Automatica Sinica, 2008,
33(12): 1263—1268

(%R, Btk JBE, BREVE. JTRIHUETRN PSO Wsitk 7
M. AZh k2R, 2008, 33(12): 1263—1268)

Pan Feng, Zhou Qian, Li Wei-Xing, Gao Qi. Analysis
of standard particle swarm optimization algorithm based
on Markov chain. Acta Automatica Sinica, 2013, 39(4):
381—-389

(v, Jf, AR AL, wisll. ARuER T RELAL SR 0 S R BHER BE 4
Fr. H3bEAR, 2013, 839(4): 381—389)

Li X D. Niching without niching parameters: particle swarm
optimization using a ring topology. IEEE Transactions on
Evolutionary Computation, 2010, 14(1): 150—169

Das S, Abraham A, Chakraborty U K, Konar A. Differen-
tial evolution using a neighborhood-based mutation opera-
tor. IEEE Transactions on Evolutionary Computation, 2009,
13(3): 526—553

Li X D. Adaptively choosing neighbourhood bests using
species in a particle swarm optimizer for multimodal func-
tion optimization. In: Proceedings of the 2004 Genetic and
Evolutionary Computation Conference. Berlin, Germany:
Springer-Verlag, 2004. 105—116

Liang J J, Suganthan P N, Deb K. Novel composition test
functions for numerical global optimization. In: Proceed-
ings of the 2005 IEEE Swarm Intelligence Symposium. New
York, USA: IEEE, 2005. 68—75

Suganthan P N. Benchmarks for evaluation of evolutionary
algorithms [Online|, available: http://www.ntu.edu.sg/
home/epnsugan/index_files/SIS2005-function-codes.zip,
May 6, 2014

Djurisi¢ A B. Elite genetic algorithms with adaptive
mutations for solving continuous optimization problems-
application to modeling of the optical constants of solids.
Optics Communications, 1998, 151(1—3): 147—159

Shi Y, Eberhart R C. A modified particle swarm optimizer.
In: Proceedings of the 1998 IEEE World Congress on Com-
putational Intelligence. New York, USA: IEEE, 1998. 69—73



5 PR 2o KIS B 959

FEE o NAE R LOIUE
2009 EIRIFIEL R LA 1 R et
AL EEWTFOT O REIAC R,
SALFE. E-mail: bl 1i@126.com

(LI Bao-Lei Ph.D. candidate at the
School of Information, Yunnan Univer-
sity. He received his bachelor degree

from Yanbian University in 2009. His
research interest covers intelligent optimization algorithm
and signal processing.)

IR SN AN S S R S € S S S
W07 1 R R B A SR, BB 2. A
WVilfEEH . BE-mail: xlshi@ynu.edu.cn
(SHI Xin-Ling  Professor at the
School of Information, Yunnan Uni-
versity. His research interest covers
intelligent optimization algorithm and
biomedicine. Corresponding author of

AEM mERE B AT T
2011 fEFR1F 20 M R A5 R B o o
B FERTFTT ) A R REARAL S,
E-mail: gou.changxing@gmail.com
(GOU Chang-Xing  Master stu-
dent at the School of Information, Yun-

nan University. He received his bache-
lor degree from Yunnan University in
2011. His research interest covers intelligent optimization

algorithm.)

B SRR Rk L.
TEHEFT W AR R, fF SR
. E-mail: Ivdanjv@gmail.com

(LV Dan-Ju Ph.D. candidate at the
School of Information, Yunnan Univer-
sity. Her research interest covers intelli-
gent optimization algorithm and signal
detection.)

REWH oM ERINEERE B AT
PR B3R, 2012 E3RAT = B K06 B
EU AL s VAN SE 30 W PSR AN
B, A S AR,

E-mail: anzhenzhou@sina.com

(AN Zhen-Zhou  Professor at the
School of Information Technology and
Engineering, Yuxi Normal University.

He received his Ph.D. degree from Yunnan University in
2012. His research interest covers intelligent optimization

algorithm and signal processing.)

M sE KA BB . B
WFFCTT ) R B2 A o A B, Al 2.
E-mail: zhangyf@ynu.edu.cn
(ZHANG Yu-Feng  Professor at
the School of Information, Yunnan Uni-
versity. His research interest covers
biosignal processing and biomedicine.)



