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Memetic algorithms in dynamic environments
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(Information Science and Engineering School, Northeastern University, Shenyang Liaoning 110004, China)

Abstract: Based on particle swarm optimization(PSO), we propose a memetic algorithm for solving dynamic opti-
mization problems which are widely concerned from the evolutionary computation community. In this algorithm, a fuzzy
cognition local search method is employed for improving the quality of individuals and a self-organized random immigrant
scheme is used to further enhance the exploration capacity in a local version of PSO with a ring-shape topology struc-
ture. Experimental study over a series of dynamic test benchmark problems shows that the proposed PSO-based Memetic
algorithm is robust and adaptable in the dynamic environments.
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1 5|35 (Introduction)
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235 ) R H bR R L, PR AR L AR A ) AR
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YOI T UG A H 12E 46 55 (evolutionary algorithm,
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L HEDC AL (particle swarm optimization, PSO) 515 4E
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A SCHE — P RTR A %0 R 3848 2 (fuzzy cognition
local sear, FCLS) S & 5| A\ 2| Jaj #iPSOH, £ H —Ffr
B SR AR B A AL B ) Memetic 5%, b Ak, —Fh
H 41 23 biti 1 #% [ (self-organized random immigrants,
SORI) S W& 45 4 Ji& 242 th (1) S0k v FH DA — 2P 1
s HAE B A ST TP e e X — R A B
PR H5 AL 32 1) ) A DU A B 1 07 B S 56, AGr 56 P 44
5L TPSO I Memetic B VM fiE.
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AT B, B eI 45 AT, B e 4
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2 FZRBEST 1L 4E (Related works)
2.1 FEAPSO(Principles of PSO)

PSOs& — Fi i T M s AR AL R, 5 HoAth
EAAN[A] ) 2, PSOM AR CHRE )38 1o 75 48 F 4% 1]
(R Bl AN & kAR - HR B 0. k1 AT LR
A H S B, AR IOEAT, B2l B
AL B E, R 20 IR S L A 1 7
B DA S A S AR T A R e A ) A7 R AT
BB NI 2 NI T I REAAT A

vi(t+1) =
wi (t) +c1€(Pi (1) = T (1)) + can(Pgi (¢) = Zi(2)), (1)
Ti(t+1)=2;(t) +0:(t + 1), 2)

AP G (0 ME (8) 73 90 2R s KL FiAE B A AR
IS PR 38 5 M B, pi (¢) 22 RL 1% 48 O B 1) e 4
filt (pbest) HI A B, Plys e BRL 504K £ it A LI 5 4
il (gbest) KIA B, wrd fRAEALE, HIT v kL 1-x) B
HIT T 2 AR 4K KON, eq Flleg 73 I 3R 7R W BRI 25 2
ST, EFm & PIANAELO, 112 )35 ) 43 At i RE AL £

R 1% F gbest 7 1L I AN [F], PSORES 7)ok 42
RIS P AN [A] (R RRCAS. 754 R FRASPS O, > it
TR A TP o IR B kL P R, AT 5 K
JIT AT L1 1) it 2 T B S AR AL e B Tk L 7% ).
FH S, A5 R PSSO, BEANKE 7~ A A5 € &0 8 1) d 4
K7 T, 3K A 45 AL A5 4 AT s 2218 I WS
F BRGSO R RENS B Gy i N — AN
AR FR 5, XA 45 R T JR) B PSOKSK it 8 A& A4k
0 RS A — M AR — R ABIF ST AR
2.2 FEREEHF HPSOPSO in dynamic environ-

ments)

H TIPSO K fift 5 25 UL AK, vl @8 A 93 e 5 2
EberhartFIShil”l$i t (1], A 1] F FE A PSOS VL KA
S5 AN AR BRI R K, SIZEG 45 A T ] B I PSOAR

A Ak LR S B A IR 548 4. HuMEberhart! 9142
T Bl N FIPSO, A HT % A A 358 4% W A0 E R B
BILAL S W SR ATPS OfE 8 4 Ay A7 20 Hh 3 W AN [7] 5 B 1)
HEEAR Y. {F CarlislefiDozier(F] T /EM e &34k 1
S FUH R E R A i pbest AL B, DUBE G K PR 45 AR
AT AR R I A5 R 1 R I A R U 1), SR 45
IR 73S Pt A b A SRS RE S AT 035 PSOAE
BN RE.

Bl W5 AN AE R FHPSOK fi# 2 2 Ak ]
IS T SRR Bk 1 DR RE A 2 AR 7 5. Black-
well FIBentley ! 26— Byt fu (KR 5 | A ZIPSOH,
5 IR 7 A EE, F far R 1 B BT I A 2252 3 AT
Z AV HEFR 52w, LA bk RO Tl 8l A3
BR (1317 — M 52 5 L 1 48 R 3 R DR 45 AT R 22 12k,
AR SEBR b A AR AR AT R S
A IR A, TR iR PR J7 VA AT
¥3).

% Jor 1 T SR B B SR PSOLE B A IR BT PR FH 1K —
Tl iy L5 0% . BlackwellfliBrankel® ) F 2 AN A1 A
FH ERPRE- o ] Isf 38 B 2 1) P ) 22 S BB i, At
ATTH A, PIAURE R PR S5 CHIE 7 537 R S e 8B,
T4 M T BH L 2 AN KL ST R — AN U A
R A5 X8 AR 2% ) PN T Ve D R R BB 05 s Ab, — LB L fir
RL - BTt ] SRR RF &KL A R A
2 FEPE. ParottRILi B4 T —Fh 2 k0 T BE ST,
L1 TR AR /N 25 5 —Fh Species L HEAT 3)
A, S 25 R W] X il ik T SpeciesfIPSOTRE
B A 200 SR AR 15 S TN B)) A IR B ) 22 068 1) . Jan-
sonflIMiddendorf 417 —Ff 3K fift 5h 25 AL 1) 0] 43
FPSOFIE T MR T 2 K01 RE SN, I
Ja e R I RE 8 20 2 ok DL AT K AR
3 R A (The proposed algorithm)

3.1 H ¥R A G FE(The general framework of
algorithm)

AR SCHWTFE I %2 B 3R TPSOf I Memetic .
V5, Wt A PSORE LA LR A S22 AP 4
2R, ) FHLS 52 0 0] Frfr Jhf v 5 00 1 3R AT J) ke o5 k.
X FMemetic FIE I 3L A AL 0] Bl R T LRE s
PR A IR :

Procedure General PSO-based MA:

begin

for i := 1 to s_size do
initialize particle ¢ with random Z; and v;;
evaluate f(Z;);
Pi = T4

endfor
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select particles from the population for LS;
apply LS upon each of selected particles;
endif
for i := 1 to s_size do
update pg;;
endfor
repeat
for i := 1to s_size do
update v; and Z; according to Eqgs.(1) and (2);
evaluate f(Z;);
if (i) < f(;) then ; == @;;
endfor
if LS is applied then
select particles from the population for LS;
apply LS upon each of selected particles;
endif
for i := 1 to s_size do
update py;;
endfor
until a stop condition is met

end

Horhs_sizeR R R REI R/, i b1 A% o
7R, X FiMemetic 5 7E 02 A AN BE AL AR W) U6
P CRL 7~ I 4 A A0 355 BE AL ™ A SLRT UG 7 Ak
F)TF U6, $ 55 AR FE R0 7 1 RIRE v 12 46358 20 R
T HEAT R Ok, I AR i s SR AR Ja A A B T
AR gbest. R4 TR IIEAT, B e A
()R Bk T [P B RN TH R, AR i % 3k 4 ok
(PRI 40 KL PUATLS, $5 i 38 BN R £ [P gbest, 1X
FE B IE AT FR 4 202 2 FEA 2 1 B2 Al A2 A 1

42 10 I8 21, JR S PSO L A 2% 12 1 T e e
SR L, A B TRV R BRI AR R R ), 1X
AR AT A T PRUE SV PR B AR AL (R &G NV g . T
R, TEARSCHFFUH, —FhiRe ok S84 45 44 1) )=y S PS O
UMK, AT IR~ 0 e HEAE — AN FRAR G5 M,
WA UL, KT SR T T, MIE. TEXFHR
F AIPSOREE A v, SR~ 0 215 38 38 Ik e A AR
Ui 5 KA. Wor, R AR, WKL~ ) &R 48
WET NG5 (0 — r,) B+ r,) FTE R, TR,
T BN, R RS SAS RNS. hy T B KRR B LR
(122 FEPE, FEAS SO, 8 3 0 1, 502 Ui RS~ 1
Re5 e ARSI AR AT A5 BT .

3.2 LSIKM&(Local search)

S FIRPSORE T AT By T DR ¥ B0 I B AR
AP IE N B 7, AEE 157 = 0 A2 JR S PSOIf) I A g
FIAFAEAN TR, TR 50 A% 45 FLAR X 0 3 M 37 3 A2 AL 5

ERTT R RE
T A A A (DT AR B, Kennedy ')
FEH T P RIRE R PSSO AL 5 ANEL 75 4k 25 35 45 1)
FRZ R NFIRE T 2 AL S I 2 MR 2 M A4
TR, AR, INEIAR IR I A 1 sk~ 0 e B & I
() d5c i i pbest I — B R 8 T BGERL 7R3 &
FREE TR 6 pbest IRIE ERRE ), 1% BLER H— P BOHI A H0
R, R R
p'(t) = N(p(t), o), 3)
Bt +1) = wilt) + @ (1) — 1), @

Horpr tRRIEARIREL, p! ()T R R Z20 N N B f
fift(pbest)p(t) ] — MBI AL &, fet il — AN IES
ST EREIN (p(t), o) KM &, ok — A, T
THRCRAAL B (¢) 230 R R K.

FR B X RO A BB, A SCHR T — R BTRIIA
%0 JR) 4848 2R (fuzzy recognition local search, FCLS) ¢
W, FLOMBS I R T 7N

Procedure Algorithm of FCLS operator:
begin
z' =
initialize ¢';
for j :=1to ls_size do
generate 7’ according to Egs. (3);
generate 7'/ according to Egs. (4);
' =z+9;
if f(Z') > f(&) then &
if £(') > f(p) then ' :=
endfor
end;
Denotations:
Z: the selected particle for local improvement
ls_size: the step size of LS operator
#': the velocity of each step LS move

P pbest of selected particle &

M BRI REWS F Y, oot MY IFCLS 5134
R ZHL, EREBCN, ot BRSSO pbestilifi
B RN E. Mo = O, NIRRT S ) A [a]
NI, IR 1 ARS8 58 A4 E i pbest BT R 2.
BEAR, D4 T sl S EEALIS R 52, O BT AG A1 B 1
FE—MR/NRNE ] Z WSRO B AEAE(0, 5] Wit
(CinIRIL AN

B R R 1D T 3 ZE R A R R P
HH Al RORE 7 BEAT R S k. AR AR 2 M ORI S,
LSHME AN T B B — B ALK b, X RS
RS INEFIBAT BN 8] A, (A MATRAERS b 5
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Procedure Algorithm of selecting particles for LS:
begin
S = 0;
count := 0;
P =P,
while (count <= max_ls_count) do
get best fitness particle & € P';
S:=Su{z}
count := count + 1;
remove Z from P’;
for each 7 € P’ do
if d(#, %) < rs then remove ¢/ from P’;
endfor
if P’ = ( then break;
endwhile
end;
Dominations:
St alist of all selected particles to be improved by LS
P: the current population
max _ls_count: the allowable maximal value of |S]|
d(Z,¥): the Euclidean distance between & and ¢/

rs: a parameter of controlling the crowded degree in S

P LR b, SR R IR AR, B S iR A
h A SR I I R P b Y i B L R 2
NS, RGP JR 0L R R A 5 2 R,
RIEARL T 522 0] 1 2R 2N Torg, WX ASRL7 5t
SWNP T ES L XFEREFEE  HARER PR
N AR B SHIK BE(| S Ik B i K SAVRE. BRI
TPk PSR H R T Pk th 2 A s R AN
R F HEATLS k. S48 H T HISER I 4
GO, DRAELSHENS T R AN F W, 55 4, i1 T4
—AR|STHR /N AT BE AR, BT LLXES o AR5
HEAT R A8 R ) 2 Bl s _sizeily BEHFvh & Wi iR
B — AR B LS Hitotal Is_size e [f] 52 ANAR 1), B
Als_size = [total ls_size/|S|].

3.3 340 #¥ £ HE P (Increasing population diver-
sity)

SR e FEPSORE Y REGS R 45— & R SE I Rl 22
FEPE, SR i B Rl S8 Sk, SR 1Bk 20
PERRRBE ). IXAEBAIAEE T L 5 EEE 1,
Shy Ve ] B2 B I LR B AR ek B 45

H T PRI EE IR 4 B A A R R R ), —FP
H 21 23 Bl WL % [ 3K 1 (self-organized random immi-
grants, SORDM g 7 i B tH () Memetic 57 4. 7F
XFPSORUT i, B4 0 — 5 MBI Bt ri), —
BOEZE IR LB Ry r ) B BEHLE BT Y 861K,
FEMEEASRL B 2R v 43 25 ke, 143 29 H R 1 1 R
FHEMOT BB FR AR R, B YS—ASE  RL A
PRSI TR PR, BB, FRCT R
K A SR AT SR, I H L S b1 A 4
ATLS it

25 b, W FCLS 5 1 FISORISE B 5| N\ 21—
IR 3 1 45 0 1) JR S PSORE B vp ) AR SCHE 17—
B SR A B 0L 1) 8 ) Memetic 5%, Ly RS
T

Procedure Proposed PSO-based MA:
begin
t=1;
for i := 1 to s_size do
initialize particle ¢ with random Z; and v;;
evaluate f(Z;);
Pi = T
endfor
if SORI scheme is used then
k :=rand(1, s_size);
set the status of particles with indices from k to (k+r,-1)
as preserved;
endif
if FCLS operator is used then
apply FCLS operator upon the best preserved particle;
select a set | S| of unpreserved particles for LS;
apply FCLS operator upon each particle in S;
endif
for i := 1to s_size do
update py;;
endfor
repeat
t=t+1;
for i := 1 to s_size do
update ¥; and &; according to Egs.(1) and (2);
evaluate f(Z;);
if f(pi) < f(&;) then p; := &;
endfor
if SORI scheme is used and t%t_ri==0 then
k:=rand(1, s_size);
re-initialize particles with indices from & to (k+ry-1)
randomly and set their statuses as preserved;
endif
if FCLS operator is used then
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apply FCLS operator upon the best preserved particle;
select a set |\S| of unpreserved particles for LS;
apply FCLS operator upon each particle in S;

endif

for i :=1to s_size do
update py;;

endfor

until a stop condition is met

end

4 SEZEGHFST(Experimental study)
4.1 HEWAIA B (Algorithm test environments)
FEA LI S50 b, R — bR 3D 2500 bR 4L
% &0 [n) i (moving peaks benchmarks, MPB) 4 i& H
— BRIV A T SV g, MPB ) @A) LA
iR Ay AEnHE S i) W AR AEm AN o] DL 7 B, w5
R B PR U, FLpR 80D Ze ik 4
R
T L) 2 (0,00 - X (0)°

)

&)
o X(t) = {Xo(t), Xaa(t), - Xin ()}, Hy(2)
FIW; (€) 3 AR eIy Z e (1) 467 6, v FEE R 5
ST R R IMPB 2 00 I8 A v
IR M3 E I Scenariol 18], JX FMPB pf £ e X AE—AS
TSN SYER . Rk kAR, B
W (18] v 8 R B 88 0 2 e I b — AN BREATL ) v AR
AL B2 AR — i 2 Bk p R BB AL 1) SO AT
Bl IXFERAR A AT DL I an R 2 Uk T
d € N(0,1),
Hit) = Hi(t—1)+7-5,
Wi(t) = Wit — 1) + 0.01 - 5,

—

Xi(t) = X,(t — 1) + 5,(t),

Lo p L=
vi(t)—m((l—)\)r—i—/\vi(t—l)), (7)

AR, 280 n] DL Sk 2 1 3 B A8 A 1 P g, 1T 2
Hpr] U SR il — A FR B AR A (1 i

h TR B BVEAE AN R T B A5 IR B i 1 e,
ARSCHFH FIRMPB [) A4 38 T — R 51 ) 4% MR R
Bi. b TSR SVEAEAN R AR R R ) TR B, 2
K sy MIBE v 401, 1.0, 2.0F15.0: AAEH 5919738 4k (o
= 0.1), B ER ML = 1.0F12.0), 7 2R
SR (p = 5.0). AR E 250 4 5 Bt 15 450,
1001200, 43 7 & 7~ PR 4554 A AR PR, v 45 3 5 AR
1. IXRE T LUREE 12 [F] (0 sh A Ak ) L 2% 1B

71N,

(6)

WD

k1 Mikesh AR
The constructed dynamic environments
T AR

50 1 2 3 4
100 5 6 7 8
200 9 10 11 12

Table 1

p 01 10 20 50

4.2 SE30 ¥ E (Experimental design)

TEFE R SIS, — 5 TR 50 B th B9
TR, S R S O R B 56 R
fRENASOAL MBI RE ). O AE T HEIRFN 3B, T STk
56 A BTl e i — S SV 4 S R IR W R . LPSO(3.1
b B () ) 3PS O), GPSO(4: JRIPSO), LECMA (it
T LPSO [k ] FCLS 5111 MA), GFCMA (T
GPSOMK HIFCLSH 1 [JMA), LRWMA (% T'LPSO
)% IRWDES. 1 [IMA, RWDE. 1~ & SCHk [19]+
P —FHBEHLIEAALS 5% ), multi CPSOC R [6]H
P H I — ey e 1) 22 0 AR,

h T ARUE LCE I 2 T, BT SRR R OEAR 1Y)
A R 50 [ 52 A 1009, 5% T AL FEw B 240.72948,
22 VIR T eq Ml eo #1158 4 1.4962, BEANFr 1 13 Rk
BRI E[— Vinaxs +Vinax] WX Vo = 100). 73 5h,
A H FIMemetic 575 i — SSR ik 2 5000 ol
WHhre = 1.0,7, = 5, tri = 25. FIEIKIBITHS
B2 JI10AN R A0 3, T AT 1R 2 56 &5 S0 2 K FH AH
[F] AR F-12 4730 i B3R A5 1K P 3 4.

i T BB AL — e — AL,
PR AR SR — o 10 35 RV B4R bR Ep o RV S
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_ 1&,1 X
Foc = gy LR~ Fre,) ®
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ABATIREY, Fe,, R SEAE S j IS AT B B ART
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RE AR I M DAl SF200 B IR BA R
4.3 LSH T3 52 % W 5T (Experimental study
on the effect of LS operators)
T S5 R B FCLSH. 1 1 2 Hroonh 280 R 1 5% Wi
12 B AK 5256, 380 AN [F] FILFCMA S 2:(0 73 93
240.05, 0.5F15.0){X 7EMPB ] #5115 & B Br LIz AT,
K HER AN s_size = 90, BEIGIEAC LGS 24 i 5 4 i
FHATIs_size = 10{RFCLS#EAE. X} T Hik B kiz
T, B R IEAR IR BB A 100, B 1H (1) 5256 45 R
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TR HH S 0 v e, DTG A T PR SR 6 TP ol g ]
40.5.

FARL () 5K 56 B FH T RS 56 AN ) LS B 1 % vk
PERE 52, 7E B AR PS8 b, [ A 7EMPB p& 2L 1)
A B B BT SFR AS ) 19 5732, AL FSLPSO, GPSO,
LECMA, LRWMAMIGFCMA. LPSOMIGPSO i 1
HER/Ns_size = 100, M HAL3FIMA s_size = 90,
X J2 K A Memetic 5525 A K AQHR B0 22 1 1) B 4
P AT s _size = 10 JRdeist. [R)FE o #5002
K AR R BEH LR 1847 30K J5 sk A 1K 3 (EAE A
SIS EE I, K2R,

50 L, ! ! ! ;
45 FN

40F \

351
30+
25F
20
15F
10
=l
0

L

0 20 40 - 60 810 100
IEARIE
1 RIFILFCMA LI 7 A5 MPB ) J e 1 S 45
Fig. 1 Experimental results of different LFCMAs on the
stationary MPB problem
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35F
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L 1 1 1
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HARAH
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Fig.2 Experimental results of MAs with different LS

operators on the stationary test problem
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SO. IX U BHLS 5 W BE % A7 25 b o5 36 B3 1y ok R S
K, 18 P Fp B FLPSOf Memetic . vJ: 1, FCLSH. 1
fe i 3% B 5515 04T LERWDESE 1~ 58 O & 48 1) J5 4
ek, X% T RWDES 15 2 AT — P BEHLES 30,
MFCLSH. ¥ [ i HL A7 BEHLES B0 A0 (W 8% 30 B RF £,
XA R T AR B2 B Bl fe A, AR, IXRE)
S5V RERE R I ASCHE H IFCLS 51 114 24 k.

FCLSH 1181 53— ANMRFAE & TEAE M BT (PR
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e 8 S CAn i R P81 B 7)o AR e 8 MR -
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i ¥ HILFCMA.
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A2, Is_size = 10, LECMA3H B HLIE 35 10 kL 1A
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LFCMA1 fo ¥ 3% $5 14 5 KR 7 20 fE(max s_
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(total Is_size)1h& A30. 3FFLFCMASL L4 T sk figt
R I IE M B AP0 1) 8, L5256 45 Fan 22
NN T BV SR PR BE, R3G T RS
TRAE BT KT 90.05 B H B2 kS8 SR e-A0 56 45 IR,
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A« R RoRAlg I ERE R ZEL T, B S
T AREN T AL ZEDS T Alg 219 fg. 2
3, LR R 458,

B B, LFRCMALTE K 2 808l 45 1) p g 2
RIAGF Bl TR ELA R B WIEFEF LY A
B FHLPSO-FCMATE 8 & M 85 b Il PE fig. 1% 2
JJLFCMAL 818 R FHFCLS 5 1~ [r] I} o) 3 1 i 2% -
ANV ERRL T JEAT I R, X BAR ARG T ol
% U ] L.

LECMA2{IL FLFCMA3, £ 2 7F —6Ar{h 5 f 1R
NI AR AL TLECMALL 33X 2 Ak 24 R854
A5 RE AL 55 I, B B e AR AR AT 5 TH IR B A AN
1. AEIXPPE BN, AU 5 i R0 1 0T 78 43 IRFCLS
BAE T e AR, SR HIASE AR N o
Z4, LECMA2H [ £ 5 i ] B4 18 S FCLS 51,
X AT ALE T p= 5.0/ 8h 7% 1) 8_ELFCMA2
i 3% % FLECMALY) J5 K. LECMA3 2 /& % 9115 5
72, Ut W B B3G9 1) SRS 2 N AR =R (7). BRIk, LFC-
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Table 2 Experimental results of different LFCMAs
on dynamic test problems

AN 287

T p LFCMA1 LFCMA2 LFCMA3
50 0.1 1.97£090 230+£1.83 3.24+1.47
50 1.0 2.63£1.06 2.85+1.14 3.59£1.32
50 2.0 342+1.04 3.94+£1.88 5.17+1.49
50 5.0 552+1.04 627£1.42 9.26+1.87
100 0.1 1.04+£091 1.00£0.26 1.56+0.66
100 1.0 1.384+0.68 1.274+0.58 2.01£0.95
100 2.0 2.13+147 246+1.61 2.79£1.03
100 5.0 3.37£0.50 4.01+1.24 5.24+0.78
200 0.1  0.46£0.25 0.53£0.51 0.87+0.67
200 1.0 0.77£0.61  0.82+0.62 1.03£0.51
200 2.0 1.124+0.62 1.364+0.76  1.51£0.51
200 5.0 1.88+£0.43 2.78%1.15 3.04+0.87

% 3 TFILFCMAZE ) 25 WX 12 22 F 49
Gt iR g R
Table 3 The t-test results of comparing different
LFCMAs on dynamic test problems

A6 &5 MPB |11 8
r=50,p= 0.1 1.0 20 50

LFCMA1-LFCMA2 + + + s+
LFCMA1-LFCMA3 s+ s+ s+ s+
LFCMA2—-LFCMA3 s+ s+ s+ s+

7 =100, p = 0.1 1.0 2.0 5.0

LFCMA1-LFCMA2 — — + s+
LFCMA1-LFCMA3 s+ s+ s+ s+
LFCMA2—-LFCMA3 s+ s+ + s+

7 =200, p = 0.1 1.0 2.0 5.0

LFCMA1-LFCMA2  + + st
LECMAI-LECMA3 s+  + s+ s+
LFCMA2-LFCMA3 s+  + + +

4.4 % B SR mE R B 1 S 56 WF 9T (Experimental
study on the effect of diversity schemes)

A SR PLFCMAB VA S S R B TP K AR &
T I EATRSE ~ 0 AT S0 11T 328 T 2K 2 KT i =2 i) w o Deg ¢
DUFE 71 ) R 7E3.31, 4t — P SORIZE B >k fif 1
XA ) R 432 ke 1Y 5 56 K A 563X A SORISH B
LFCMARVEVERE B 52 M. A2 H AR ) 5558 ', LECMA
SLVE RS NSORIS I [FJLFCMA 575 (FHILSOFCMA

o)W TSR AR R 1 B R 3 1R B 45 1) 8, ZELSO-
FCMA 525 p A3 % A I8 T 5 i U 10 32 AR 3 ks 1
PATSIRLSEEAE, 1 Hofth (1) 2 %1 54 .3 FLECMA () 15
BTN, S g W AT R, S P-4 56 8
# 7RLSOFCMA —LFCMAYE B 155 /K T 40.05 F 1 J¥
h S8 AL -G 56 45 R

% 4 LSOFCMA#=LFCMA 7 3) 5 3 15 22 F 64
KIsER
Table 4 Experimental results of LSOFCMA and
LFCMA on dynamic test problems

BANIA Bk

T p LSOFCMA LFCMA gt g
50 0.1 1.81+0.33 2.7742.6l s+
50 1.0 2.68+1.24 4.1745.36 s+
50 2.0 3.50+1.12 3.68+1.83 +
50 50 6.32+1.54  7.05+4.24 s+
100 0.1 1294099 1.32+1.44 +
100 1.0 1254039 1.32+0.70 +
100 2.0 2.03+1.46 2.07+1.31 +
100 5.0 3364072 3.47+0.97 +
200 0.1 0.60+0.48 1.2242.04 +
200 1.0 0.7940.57  0.7240.38 -
200 2.0 1.00+£0.82  1.4441.96 +
200 5.0 2.16+2.16  2.1141.08 -

M4 BEE F i, LSOFCMATE K £ ¥ 5) &5k
1 b B2 FLECMA. LECMAGE 0% {5 57— & P E
(R 22 BV B OB T BN AR 12, AR
M B A AR R BEAT, R4 25 B WL ST 8 1) 28 35
Bl i gbest. Wl e i, 20t — @ BRI )G,
LECMAX 2% 25 00 5 W (1 2RI 8 7. 4R 1T SORIHR W
— 77 1 fie % 18 A LA A6 A A AN 2L 1Rk 4
ZARFF A0 (AP Z FEVE, 53— O OB 1 48 A0 1
A AR A PR T RE S IR B M (R B — 2 15
AR B, M BE 95 AFLSOFCMA 4 £ L AT %o}y
PRI RE 7). AR, 5256 45 SR A 3R X P SORIZE g
REfs A GG FAEAE S SIS P Vg,
4.5 5 H Ath 55k b B 9 SE 50 B 55 (Experimental

study on comparing with the peer algorithms)

It )5, HLSOFCMA ST 55 SCHR A —Fh 22 i 1 1
(IPSOFEREAT LL B ok ik — P R i JLME e, 7 H Ak
(FISE6 R, AP multiCPSOSTVEH K —Fh & 51
WL e, T 55— R B AT 10K (23 ) F multiCPS-
O1H! multiCPSO2 2K & 7i%). i SR AR A SCHIE 5T 1Y
MPB 1] f5K 3, multiCPSO1 L A7 f2 A5 3 (KkL 1 BEAL,
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M multiCPSO2 E A AN 1 (kL1 HEEL. & T8N kE
- TP D R R Y H e 40, muldCPSO1 55
% A T0AI110, 1 multiCPSO27%) 7% A 5A115, HoAl
[ AH ¢ S HUR PRFE L) 46 % B . LSOFCMASL 7 11)
RS H 4.4 S50 I B8 R RE — B0 SEI0 &5 3 an
FSHKOPT N, M RE KL N &k,

%5 LSOFCMAS multiCPSO /£ 3) 5 MK 9] 2 F 49
K sER
Table 5 Experimental results of LSOFCMA and
multiCPSO on dynamic test problems

EhAN ETRFS

T p  LSOFCMA multiCPSO1 multiCPSO2
50 0.1 1.83£0.38 231+0.37 2.58+0.34
50 1.0 2.48+0.84 2.81+0.58 3.14+0.35
50 2.0 3.16x0.65 3.50+0.49 4.52+£0.51
50 5.0 6.50+2.05 7.13+£1.68 10.22+1.94
100 0.1 1.06£0.63 1.11£0.14 1.2940.15
100 1.0 1.25+0.39 1.47+0.26 2.93+£0.59
100 2.0 1.95+0.89 1.68+0.21 2.2740.33
100 5.0 3.34+0.70 3.50+0.47 5.26+0.68
200 0.1 0594035 0.604+0.07 0.68+0.07
200 1.0  0.68+0.33  0.66+0.07 0.83+0.09
200 2.0 0.88+0.17 0.85+0.12 1.194+0.19
200 5.0 1.664+0.37 1.70+0.22 2.61+0.39

% 6 LSOFCMAS multiCPSO/E 3} 5 MK 9] # F 49
St i R
Table 6 The t-test results of comparing LFCMAs and
multiCPSO on dynamic test problems

PRI o MPB jii] &5
r=50,p= 0.1 1.0 20 50

LSOFCMA —multiCPSO1 s+ + s+ +
LSOFCMA —multiCPSO2 s+ s+ s+ s+
multiCPSO1 —multiCPSO2 s+ s+ s+ s+

7 =100, p = 0.1 1.0 20 50

LSOFCMA —multiCPSO1  + s+ — +
LSOFCMA —multiCPSO2 s+ s+ + s+
multiCPSO1 —multiCPSO2 s+ s+ s+ s+

T =200, p = 0.1 1.0 20 50

LSOFCMA —multiCPSO1  + - — +
LSOFCMA —multiCPSO2 4+ s+ s+ s+
multiCPSO1 —multiCPSO2 s+ s+ s+ s+

58, B AR AT B B I, LSOFCMA L
B FmultiCPSO1. 247 =100H12000, 15 i A5 1547
HATE. A LSOFCMATE p =0.1H15.01 2 B4 4,

MmultiCPSO17F p =1.0F12.0 % B4 47, B a4k F
PR SVR IR IUAN 2 A 2. X A A FCLSH 16
A RE 5 S T R g D, X A3 LSOFCMA fig
2SN BEFEEIR gy

LR, multiCPSO27E it f1 P4 58 i 5 Je SR LA
ZE. X2 R o multiCPSOST i 1 P g AR R RE B B #k
TR RE SR, W R T A e AR A 2
multiCPSOREW SRR I I P RE, — BURLFH#FH0s
IAIE 1, PR S 2R e M. T s bR iR b 1
TERETRSE ARENE, 5T multiCPSO KL 1 BESCE 1K)
o D TR A AR AE IR AR 1), IXFEF SKLSOFCMA
P g R AR T

G, S HRe e se m Sk e, I Bk
(1) B 2 B A 7 1R 185 0 B o P sk /)N 17 A2 73 7B R i e
AR Ty BEAR, R TBOK, SEvsh S N — IR
ZHTHA SE 22 1R I ) 25 3R A B0 L (R Al 1T pi /DS, BT
(R B A A sl R | H ) B R, 5 ) e R I
5 4Z5i&(Conclusions)

AT T — P A7 201 3K Al 3 2 D04k 1) 8 ()
Memetic 7%, % 5095 K F— PP IR $ 4 45 440 1) =)
PSSO R AR K AR R 8 I, FEAIH —FP BT
HRIRAE R (FCLS) ks T Kk g . hdb, —
B A ZUE NS BE(SORD) WS T4 n B Fp e £
FEPE, DAE— 0 005 I 3 H B0 08 N ) A PR 55 11 fig
3. T AR HE S AR MR ) ) S5, Re s 3RS
g

T4, WS Y TR 1 9 1Y )R S PSO SR A AL B 7
BT o RE A i IR HH AR L 1 1 BB 7R AR SC I SR
LSOFCMATE KN 2 H AN A EE b SR T HA S .

H K, FCLSH T {E i A M B A G rh AR 52 35 By
Memetic 5 VEHAT — SRR 11 Jey s edt. 28 A SCIRSE
56 v, LECMAYE 525 0 f_E A TLRWMA, 1fiLSO-
FCMATEIR Z 825 )@ _E A FmultiCPSO.

5 =, M Memetic iM% N 21 2 25 2 06 [ N,
X} AN i IEAE T B AT AEAS [0 b (PR A I 2R AT
JR BRSO SR AR AT 25 (), AR SRR H R B A
TIE B R85 1R L (R A e I 1) i .

SV, ZFE I SRS e85 A R s SR il sh &
LA v R fiE . AH X 22 007 1 SR SR 1, SORISE
WS T 1B R — AN T A AR I 22 1 SR

I a, BT I A T e s L I T RE. AR A
SCIASESG VM e 2 Bl G PR AR A0 AT 11 14
TN AR 5 B () ek /N T AR 1 BE 4

SV U, SRS A5 AR BRSO TR I R R —
FOAEE IR AR B ST R B 7. 28R, IR 2
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