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P A, IROFAE
CHM A B 5022 B2 SEW 550025)

W OE 4R B4k (chicken swarm optimization, CSO) B3k BL A 19 W SIE 40 T 45 S & T 55 i 64, AS BB AR F
B RETE A AL ISR ) Y & s e i — AR 2 2 1 T 38 FH B iR iF 9T CSO Bk i & e siobe i e, 3+
CSO B kA2 X, 737 CSO B k11 R a] K (Markov) # A B, 43 8 H Markov P55 Lk B BAT e /N b (H
P 8 A AR S 0 B A p b e, R R Bl 830 BT Egoroff B FIE M T CSO 2k 1Y JL T Ab 4 38 Wi S50 i — Bk 8%
P FE AR T 2 XS R A s A B AT . CSO 553k BB O 76 A B 25 Ui S 3 IR & R e X — 548 st e » 60 B
S UG HR R D B IE T B IE B Y IE A M L 3R & B CSO B b H At B 2 HL A B R Y SO R R R R A RSSO

K HIF : CSO B ; Markov §if 5 | Bl $1CE 3 5 Egoroff 72 B3 JLT- Ak Ab 38 e 61 5 — S i

F B4 %S TP301.6;TP18 MEkERERD A X EHRS :1000-2367(2024)06-0080-08

R REARAL LY CRTRR RS BB T8 T B R O AL B 0 v Y — o, = 258 a0 B v 1) 55 0B T L 3R
BAT A F G B BE AR G O i D A Ak n) A8 AH 48 T F BE L AL (particle swarm optimization, PSO) 8.k |
224746 (differential evolution, DE) 8.3, M HLAT 2 80/ e S50 B e L 7 2 5 #8425 4 05 BT, CSO
SR O A b 1y T 380 T A T R B AR R L RS 2 TR A T A TR T, I AR R S B ) R Y R R
P, LT — KA CSO Blb 8k Y URMER B, i F & I R 40, CSO Bk stk 5 H B R EH TAL
ST AR S AE 5 A 5k A0 B, B A B0 B8 0 T A 5 340 L3R /D R O F R I S SR T N 2 0
PR — e R B A BRI T CSO B33 19 SO i H .

A Ry — Tl R 43 A B R R B ik e Sk A 2 T L BE AL AR 2R 550 1 i Wi S 0 8 1 By a T 3] T W i B
% (bat algorithm, BA)Y™ | JK IR {f fk (grey wolf optimization, GWO) 55 3090 Fn 3% k di 5 1 (firefly algo-
rithm, FA) A5 0% A C SCHE TE B v [RDRE b, SCIR(12 J38 3 3 57 CSO k19 Markov HEA Y, If-25 & 1% 1L
SLAEN] L UEB] T CSO 53 B Wi Sk 3 [m) R A 42 Jmy B 0. AR T b 3R TR B O S AR AE T AN« — Sl ok 3% ik
AT WS e 43 A i i R A R % s HLAS B A W BAs SR T8 T R IS B8 A 59 K BR0E Y s R TC TR
i CSO Bk BEAE AT BR AL ISR ) R A 4 J) B O AT 6 3K R L AR SC3E T CSO B B Markov £ 45, 32 1
T M 20 Markov 4% 1938 J7 P 20 B R B 58 CSO B35 1 4 R SohE R AUE R4k T CSO Bk 4 R ik
SR RS A3 AT A AR L T LI BT UE B T Y R R A A (A R, CSO Bk e R 7E A BR AP N DIRE R 11K
SCE [n) 8 42 )R dee A
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1 CSO &%

CSO BILLEA T PSO B3k \DE Bk B 5 i 1 4 4% 000K X B v 0 45 2 Bk 1 A 08 & 47 B AE1L

AT 3 7 50 A TR Sk SR Mgt A Ak ) R AR SC % B A /ML A ) R, B
min F(x),F(x) > 0. (D

CSO B 3L e A In) B A R f 25 8] P BEAILAE B N XS TE S B x =y oxyaeeeox OSBRSS i HASTED
Az 23 (] Fp AR AL B R R R e x, = (X s Xy aeeeax ) i = 1,200+, Nox, EA0A ) BULE i 23 1] o i — S T e
il o R LR T A 3 N PR () SRS SE I BE AL P T N RSO E ST ff 23 ) AT R AR 6 S eR A
BT AR AR 23 18] b SR R ok E50e 2 H A pR R

BRI N XS, R AA N, B BSa N, B NSA N, H B8 A N, H.HN, CN,.
N, + N, + N =N i HAASTEL 242 [ i e WOEARHI A7 BN x ) (). TR R A ) b 25 19 38 A AN ] #3341
T 3 i R 14 437 BT R A A5 S A ).

VAL TEEDA R T L
x4+ 1D =x (1) X A+R), (2)
lafiéfka
P = f,— D kE=1,2,,N Hk #i. (3)
T Jexplo T S 7
| f, [+e

A R ZERM N 0.0 BIBEYLEL; £ RN x 0938 I BEAE se J2— D Ie 70 /N IE B, TR G 30 (3) whar 6
N Osk RFTANIHERT @ J5oE— R A0,

BEXG 1 07 B TR RS
X[+ D =x0) + By X Vi X [x] (0 = x] O]+ By XV X [x], () —x] ()], “
(fi 7f‘rl)
Bl—exp[wjy (5)
B, =exp(f,— ). (6

e ry BE5H 0 ARGREE - FREOAN r, 2EDEHEMEE - ARG, H r # B,
By J B BUE L RN (0,1 5V, V, JERRML0, 17 22 8] 3441 43 A 1 Bt L AR
JINHE 1AL T SR N
X'+ =x () +F, xX[x) (t)—x'(t)]. (7)
Afom 50 BN RIS IT  F S BRRE 2R 50 DA /N X R X0 00 00 B, B A 4 4 £ 437 X /N X A3
{14 52 0 PR, SBULELYE L Ry (0, 2).

2 CSO &i*xBy Markov g1 HY

Markov 4 J& X Fl AL B2 HE 47 3B i) 88 22 F- Bt , 48 19 02 R B8 AR A — B 20 BT AL R S 419 Markov BFLIT
G T T SE 45— 28 CSO FEk i A DG 2 S, DUE #E 57 H Markov S5 1.
FEX 1 1E CSO Fykrp, XM b A XS 58 B b i 47 B A B T 39 AR . ie h x,x € C.C AT 4T
fiff s ), — FOAS 1Y 430 AT BERAS AL T8 AR A 25 18], 32K x = {x [ x € C) A XG40 25 30 4 0 17 3 B
R LN
0=(x1+X55°*5x;),1 <7 <N. (8
WO AR 25 1Rl
O ={0=(x:x,,5x ) | x, € C.;1 <7< N}. €D
e, B FHISHPIRE N IR/,
EX 2 XTAEBEPRE x, €0,x, €0,CS0 L ER TR P AEMNRE x, —LHBIRE X, .1
N T,(x)=x,.
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FIE1 CSOR/ET GMEMRE x, BRI x;, M—HHBMER.

P AT, (x) =x,}, A%,

P ATy(x;)=x,;}, B3, (10)
PAT,(x) =x,} /NS,

P{Tg(x,):x/}:

ERR SRS HE CER(12]h e B 1.
T CSO Bk i A XS RS F/ING AT AS [A] B9 A7 B 0B RS UM IRES x, B R x, WA EANFK
— SRR AN I — A R R RN

1
77x]' 6 [x;,x;+x;><R]’
{T@(x>x}{x KR | b

oA
BEXG 1) — B R R Ry
1
S, XV, X (x —x)+S, XV, X(x_ —x)|

PiiTo(x) =x;} = x; € [x;»x, +S, XV, X (xr1 —x,)+S, XV, X (xr2 —x;) ], (12
0, HAth.
AN — 2 R RN
1
S sxj'e[xivxi+F14X(xz;zixi)]’
{(Ty(x,) =x { FL X (x, —x) | (13)
L HAh.

EX 3 CSOHEPRMNT VI, €0,V0, € 08HREI, —LHBLRN0, i HTe0,)=0,, MH—4
MR N .

P{Te(0,) = HP Ty(xy) =x, ). (14)

TE X 4(Markov )" & (X,.n € T} H— ﬁﬂﬁfﬁﬁﬁﬂ’]%ﬂ/ﬁi,/ﬁ(%Tﬁ#&iﬁﬂ(ﬂ’]ﬁﬂﬂf”ﬂ,ﬁﬂ
T ={0,1,2, ), R X, B BUE AR B BCRES B T = {ioi.io, ) EMEREHRE
mm¢w~ﬂﬂ61ﬁéﬁn€T%EmT SRR

P{X, =i | Xo=ie X, =01, X,=i,)=P{X,..=i(,0 | X, =i,}» (15)
MFR{X, sn € T} Markov £%.

EIE 2 CSO BLP AR BRRE S0 () .t =0} JE 47 BRFF IR Markov 4.

EB WT VO €0.Y0+1) € OMIEEX 3. H—LHBMEP(T,0)=0G+1) M
BENFT A XSRS R P{T,(x (1)) =x (¢ + D} PeE ARYE 2 B 1, 7T ARG HE AT B XS 00K 7 B AR
P{T,(x () =x G+ D)5 BZIERRES x (0O DR @) ~ (D) R R .V, V.. ¥ 5 B, .B..5 i X
XA M AN x G RE R BALZE I A RS SRS AR 2 BRBE R R F L RS /NS IR RS I 0 x, AT
PLl— MR P (T (0(1)) =0 + 1y WAL ¢ B2 RS K (2) ~ (D) hH S ECE L5 ¢ B %)
T B RS BERAS RS0 (1) .t =0} B AT Markov P s X TATAa] 4 A0 5 i ok 14, 48 R 25 (Rl 3 2 A FR 19 IR ok
CSO B g FOXG AR x, WAR A BRI XS BERAS 25 0l @ X N G R A L (R 41 . i © 245 BR
4 5 MR A E B 1 AT RSB R P{T, (x (1)) =x ¢+ 1)} AU S5 I 2 BARZS x (0O A 5T 5 ¢ W26 %,
HOGFERESIFH{0 ()t = 0} A BRFFIK Markov #E.EHE.

3 CSO BiEms RS s i

3.1 EEig
EX S EGe={x" | Vx €O, f(x )< [f(x)} NEEIREFEI0(),t =0} HERRIIRELE,
ﬁn%@ﬂ[@(;) NG=*=J]} :1(1iﬂ}P{[€(z‘) C Gl =D, FRGFREF (0 (), e = 0) KRS (5R)



% 6 J WA S R T B o B 0 B BEAR AL L R M SOk o A 83

WS ) 4 R B AR IR S A G5 2R P{}i@[ﬁ(z) NG+#J]} =1(P{}ir§[5(t) C Gy =D UFKFHNO ()t =
0} JLF-Abab 55 (i) Y s3] & R e RS G.

EE3 WMECRESFIN0G) 0 =01 4 FUSER I E &R (D LT b AL i i 8= JL-F-Ab 4k 55 1 S=
MARE 2 55 WA 85 (2) JLAF- Ak A 5 A S50=> 10 R 36 5 AL S5 = K ARE 3 55 Wi 8.

EB H 0 CGIC0) NG#TIaHLPI0G) CGly <P{[0() NGF#IT]}, it KR
SERSCSA T A AR OHE R 55 S, LT b A S SRS HE LT Ab A 55 i 8K YW lim[0) N G # J] =

U N0 NG @7 MR AR5 P (im(0() N 6 # @7} =lim PALAIW NG+ P} <
lim P{[0G) (VG # @7}, B LT AL AL $5 HE ST It E 55 M, ) 3T 40 JL A A 350S40 et fk
O B M B B

EX 6 WA Vi€ B D p, = LARREZEN E W4,

JEE
EX 7 WRMAE E A BN E el 2909, RZ PR E Al 2.
1 GERRA N 0 — 4.
MER AR E R 2 XS BERA F S (0(0) o0 =0} 2 A BRFFIK Markov 8,106 Vi € @, D P, = 1LIRHEE

j€EO

M6, A O J&— 4. 5.

W2 fE CSO Bk, 2REMREE G BREZER O Fi—A KA T4

ERR HE. Y G =0 0,0 iR — A AR U A AL R B A TR R X AR SR BT G C 0 3k
FHERAL LK 3T V0, € G Y0, #G.0;, € O.HEL 3. To(0,)= 0, MNHERBMENR . P{Te0,)=
0,0 =1 PITi(x,) =x, ) 351G PEDA 1 HGIEREBE TR 4 x° ~x,, WRMRE B2AH
X, €G.MHFF PIT,(x, )=x, } =0l P{Te(0)=0,) =0.5 GO LH—EH T4 .

w3 XSHRRAEEE 0 & 4.

IERR S A 1 AT LU E R XS R S A ] @ S — i K P LY A 2 AT RS B 4 )R
RS G ZREE M O i —A B T4 a tw 7 v ARG FERSZS ] @ &l 2919, UEEE.
3.2 CSO &EH LT 4b &b 58 W S50 43 #7

H TR FH A R B8 1 oK i A Ak ) A o AR — A 3R AR O A R T DA T T e A il — S e S ) L
FH e 1) WS S5 BT JFG 3 AR R AT B A3 AT AR S SR S H B R BSOS /ML A1 O BT SR X IR 11 38 7 R
N R R B 4 R BNl (B I L A R AR B 4 JR R IR S AR (A R AR D AR XS BETE SR ¢ B AR
i 5 3] 11 o A A AT N 1 3K 3] 4 Je S DA DR A A i ket g ) B /NS B BE A £ (0 ) LB 0, = £ (07 ) B ATE
55 ¢ YGEARZ 5 A AT ART — YR AR r oA B 118 S5 A AR 199 368 0 A AN 2 K 4 Jad S A0 A e ket g %) B /0 355 3
{H £C0 ), BIVF — U3k AR B X 8 19 fie /DN 3 07 B 1 O T 24 i 22 A0 B A9 2% 140 30 B AR R 2 i a2 A0 1 1) e /)
T IV JRE L. PO T R R ) S /0N LB PR AR (0, B S — A L BSOS RS TS0 () or = 0} AU
SUPER AL ABESE £(0,) WIS, AR 2 B 3 ] LUJAIAHE L JL T Ab Ak 5 e S50 58 T IR ABE 3R S0 S50 AY WA R R AR
SO A S A A e A R S FE IR B CSO Bk 1Y LT Ak A i i S

EX 8 WIRBEHLE AR (Y, .k =0} 5{Xiok =0} WRUT R (DEY, [) <03 (DE,, |
XooX 12X <Y, (BMEW, 0 | Xoo X100 X)) = Y05 (DY, J& X0 X weee s X WY BREL; WFR Bl HL IS 72
(Y, oh =0} JEXT{X, ok =0} B GO,

S 1CF B SERD ™ ARV (Y, & =0} 2 — A F#L B E sup E | Y, [ << oo, M—@E A 7E—A>
BEHLEER Y € (Yiok Z 0 R E [ Y [<oo, H{Y, .k =0} IR 1 IS ZE Y HLP{limY, = Y ) = 1.

SIE 207 BIH 1 LSS X L S pl

EE4 FHHLERE (£t =0} XTH0,,t =0} —DAEGA R LBk B0, IR E ¢ = 0, WA
E[£0,0) | 00,0, .+.0,]< £0,).

IERR  H T NP eR IR o ST 23 ) L i A AE 6 S R A 0 £ (0,0 =0 X CSO BB IE T T
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— YRR AR X A SR /N3 I B (AN 23 KT 2 i s AN A 1) i /N 1 B B AR DAAR B £(0,0) << f(0,) <
FQO DT F0,),t =0} RAERA S A, PR EH 2 19 SR TRk AT A

ELfC0,) | 0,,0,,-,0,]=E[f(0,.)) |0,]. (16)
H It HFEIEAXHEE x €0 A

ELf@0.) 10, =x]< f(x), an
FR A =X (17D FBEHL R A A SCHS Fn 1, X (AT AR GES 22 v DL AL o .
E[f0,) 0, =x]=Df(3)PW,.. =y |0, =x), (18)
R M 5 3% (17 B AR -
%fmpw,ﬂ =y 0, =x) < f(x). (19)

BTN x 25 MBERSHAETE . (0, =) = £(0, =x). Yy € @, W1,
Zf(wP(@”1 —y 0, =x) < D f(OPW,, =y |0, =x)< f(x) ZPw, L=y 10, =x) < f(x).

yEO®

(20)
Ha?@%—/l‘l‘ﬂ%,ﬂIZPw,ﬂ:y|0,:x)zlyﬁ?uﬁ(zo)ﬁij.%i,ﬂu& BEPLIE R £ (0,) e =0}

yEO

KFA{0, .t = 0} FE—AEGA R LR E). IEEE

EIE S5 ﬁn%ﬂbﬁﬁb@% HEIRWECIN >o} W sup E | £(0,) | << oo At — oo Bf, —EFF
T AFRREMLLER 07 € (0,0 = 0) R FEREIFI0, .0 = 0) WS W P (lim 0, =07 ) =

IERR i T URAR R 4 JRy d/NIE IV BEAEL (07 ) AAAE (R LA IR TS 2 SO WA £(07) << £(0,) <<
oo RYEHCF I E A ELA O HI<E[Lf@)]<ofillsup E | £(0,) |<<oo, XARIET| B 2, K —co
B, — B £07) € (f0,) .t =0} MIF{LO,) 0 =0} IMER 1T WEE] £0 ) AR M, Y ¢ — oo B 77
1O € (0,0 =0} ffi18(0,,t =0} LIMEZ 1 Wese® o B P{lim0, =0"} =1. UE B

a5 PRTAL A 07 MEBUERTE 2R ERIIRESE G i, CSO 52 JL T 4b Ak sl 84 = 42 5 B .
R AEE B 4 MEB 5 4 F R i P =min P(0,., | 0,) 3 CSO B MRS 0, 50, W/ NEBHE
S, M B H ZLIE Y 2 B 6.

EE6 M D P, —oo B P{lim(0, CG)) =1, B CSO S LIBER 1| JLT b Ak 38 e S8 4 ) B AR
iIEHH /Q“\M/:{e, ﬂG:/@ ‘ 9,:a92‘20}:{f((9,)if(@x)},l\/,: {(9,+1 ﬂGi@\@,H:b,tE

0} = {f0)= fO )} FAB= min{| f(a)—fD) | fa) £ [} FFLE—DIESLEA M f(@)— f(b) =
AB.HH A BB M R AT A8 ELF 0] — E[f W0 0] =E[f0)] — E{E[f0,., | 001} = D P8, =

a){f@) —E[f0,. 10, =a)]}=>,P@,=a) >,Pb | a)[fla)— W) ]HMYE P, =min P, | 0,),

a€0® beO@

t 205U?Wj4\$%ﬁ:zp<b la) =P | a),ZP(Qt =a)> >, PO, = ) SRATHEL£0,)]—
co aNG=J

E[f0,.)]= 213(0 =a) 2PG | aAp = ZP(@, =P | @A = D)P0, = a)ABP; =
a€0 a€®

beEO

> P, =a)ABP; = AP, P(M,), Xt X h g ¢ 1 B N SRR ELELF@)] = E[F6)] —

aNG=3J
E[fOx.)] =28 ZP(M )P, 4 N — oo iif, @ Tﬁ%ZP(M )P, < oo, é[EP = o if,P(M,) > 0,6
=1 =1

{L{{}f<€,)7ﬁf(0 >tzo ijPliygf(ﬁ,)—f(@ )t =0} = LHLP{lim0, 1 G= D0, =ast =0}=
0B P(lim0, CG |0, =at =0} =1.% ¢ —> oo i SRR FI0, 0 = 0) WHERERA BEHLAE R 0 ik

Sh0° €10, =0} H O BIBUETE SR RICRALE G 012 D P, =oo i, CSO 5 JLF- b b 5 i 5
B2 R Ak,
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3.3 CSO Eiam—B U siE o4

EX 9(—FHW SO BN —DrTMEF EAREINf,(x)n € N} FIBRE f(x), Ve >0,
IANGE) >0, 13 Yn =N B X VY € Fo 88 | f,(0)— f(x) |[<e JUFRTEF EARESIf, (x)}
—HU ST £ (x.

5|38 3(Egoroff EHDY 3 4 (A) < oo, {f,(x)en € N} 4 A FILTAb4b A BRI A7 0 4 5% 51
S eAE A EILP AT RS G Bl Tim f, Go) = f Go XA e = 0 fFFETINAR AL C AL (143
A, LREIF, (x)n € N} —EUSE R £ (x).

7 RES (0. =0) —BORSUTRE£0).

ERR PIXSEPRASZ M O AR, 8 |0 | A E & A RAARFEM S XH 0, =0} ZAETUA 5
A, T DO BR LT A A A AE HOR A SR e B S AT im £(0) =f(@° ), AR PG 51 38 3 AT 4 PR %L
ILF0,) vt =0y BA—BORSE BN Ye >0,INGE) >0, >N .3 Vo €G.6CO.H
| £ — £ ) | <e UL BB 0, =0} —FUSLT eREL £(07 ) LT HEH 0, () C G AL Z
Uk, BEHA PR TE A BRAEEL N () P9, CSO Tk IMER 1 s 51 42 s e . — BOl S B o BRZE 7 45 0,
UGB A5 T LT Ab b s ST Y UE B

4 CSOBZEWEWESH

T SR AR SRR E B Y TE A PR R b 5 BRI ST TR RN AR A, AR e X DE Bk L PSO Bk R
CSO FEIEAT U B, B . P R A AR ARAE B9 16 A 1 I 1 o5 88, 75 4 F DE L PSO Hl CSO 73531 % E A1
PEAT S 30 WY UL FE B AR 22 S FE I 3 AN D7 TR R AT SR 18] B e 5. He b Bk A e 8
G 2 AN SO0 RE 0 AR B AR S48 b 550 R AR AE A4 BE 0 R AR S PR AR BRAE AR E 22 b 501 0 PR P AR BT
WEERT EAE 16 D hndE M R , F ~F, 28 pRE . /3 ]2 Sphere, Schwefel's 2.22,Rosenbrock, Quar-
tic, H a0 # 0. 50 bR B RE AR L b X 30 0 A M SEORS B2 RV SR BE T 5 F s ~ F oo J2 Z 08 BRER, 43 1 /& Ras-
trigin, Griewank , Beale, Schaffer, Kowalik, Branin, H Rastrigin, Griewank, Beale, Schaffer )& t{H & 0.,
Kowalik A Branin #5088 43124 0.000 3 1 0.398 0.2 I ok K il AR 47 3t Ji& 3053 32 0 4 Jm 49 3R i 7 DA % ok
R R BIRE S s F o ~F (s S [ 2 4k 2 15 pR 3T, 439l /2 2 4ERY Shekel's Foxholes, Drop-Wave, Three-hump
Camel,Levy N.13,4 4EfY Styblinski-Tang 1 6 4Ef%) Powell, H Shekel's Foxholes & {8~ 1,Drop-Wave
B PE1E N — 1, Threeehump Camel, Levy N.13 #1 Powell By & G {E N 0, Styblinski-Tang B & 5 N
—156.664 0. [ 1 4k Z 16 bR HCRE AR S b 7 ek B30 VR A0 AR 26 I 9 42 Jmy 48 K BiE

WAL Sy 1 5 X B AT LA, DE A 3 NSRRI ] S R — R T E 4R R A B e R IR
BM =1 000 FfE RN N =304 D =30.3 ML HMSHERENT.CSO LN, =0.2N.N, =
0.6N,N, =0.IN,,N, =N —N, —N,,G=10,FL € [0.5,0.9];PSO & :c, =c, =2,w=0.75;DE &% .
F=0.5,CR=0.3,X iy = —30, X yux = 30. TEF HL LR p 4 S U B AT 45 R 5 s AR B LB AH 22 /07 10 %,k
N TR R 1S9 is A7 45 B Y B A 45 8, IF FDHLAOR A 0 24> D 3t ok 50 b 1 40 A o 22 1 S FE I
1 B AR AA.

TER 1 .CSO BEAERB F\ F. F, Fy F i F o Fry  F oy L F g EERIRE T B AT 4R fe /M X
W] CSO B EAEA FR 19 2% A UCECN AT AN S5 0] 5 Y 4 Jay fe f - DA TT 36 E AR SCE 3 7 vh B 4 3 19 4598 )\
WCSIORS BE A SR BE SR E L S HA IR AR L . CSO s E F W F, . Fy . F, . F. F..Fy.F . Fp,.Fy . Fu,
MBSO B B v, SO RE ) sk AR DE S50k A W SOKS BE M SR RE I TERR AL Fs o F o o F o o Fos Al Fog B2 i
R AH CSO B3 i 145 31 /9 25 UK T8 AT R 38 AR (8 19 BE ) R 1 i AR E Mok B MR T PSO Bk
M DE ##.CSO BEERB F . F, . Fy F W Fo Fo o Fy o F oo F oo Fo B30 RS A ) B0 B vty
MAE FooFooFrosFuu o Fo Ml Fyg b, CSO S5 B PR O (E RE 11 AR E PEAS 22 — i A 3 AP P e 150 2.
XF T BT AR TN G R A S FERT 1A, PSO B FERT ik, CSO Bk iy F B FE R 2/ K T DE &
PP FER BRI, CSO Bk M ISR RE 2247 T DE Sk A PSO B3, [Rl I I8 G 26 4 09 Bt Jm) 3 4 (B
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e J1 AN FS e . AR A TR A R 1 R 55 T LA Bk L HR X T AR e R SROR 2 R ) v B AR Ak TR R, CSO
= R s R = R T o I = <

F1 MXEHIETER

Tab. 1 Test function running results
PREL PERESE I €SO PSO DE A PERESE A €SO PSO DE
Iy mean 3.447 2e-41 0.083 6 4.057 7e-13 Fy mean 0.001 1 0.001 3 0.001 0
std 1.809 7e-40 0.046 9 3.836 3e-13 std 2.278 3e-04 0.003 6 7.807 8e-06
time/s 0.464 8 0.318 6 0.438 3 time/s 0.490 6 0.352 9 0.469 0
I, mean 1.779 7¢-37 3.293 0 3.642 5e-07 Fi mean 0.398 0 0.397 9 0.397 9
std 6.192 8e-37 1.501 0 1.271 4e-07 std 2.390 4e-04 0 0
time/s 0.488 1 0.349 4 0.478 3 time/s 0.454 2 0.295 0 0.416 8
F3 mean 28.032 6 70.714 9 34.986 9 Fn mean —3.817 8 —3.862 8 —3.2190
std 0.593 2 32.411 2 23.450 6 std 0.029 3 0 1.464 2
time/s 0.454 0 0.3123 0.426 6 time/s 0.523 3 0.368 3 0.521 1
Fy mean 0.009 3 0.580 9 0.372 7 Fi mean —1 —1 —1
std 0.013 6 0.271 4 0.095 3 std 0 0 0
time/s 0.594 8 0.428 0 0.554 7 time/s 0.420 3 0.278 0 0.355 7
Fs mean 0.487 3 55.696 8 88.081 1 Fs mean 4.324 4e-315 4.596 4e-45 4,223 7e-176
std 2.668 8 10.686 0 8.610 7 std 0 1.648 Oe-44 0
time/s 0.458 4 0.330 1 0.454 9 time/s 0.426 6 0.282 0 0.365 4
Fs mean 0.003 4 0.010 2 2.925 Se-13 Fy mean 1.349 8e-31 1.349 8e-31 1.349 8e-31
std 0.014 3 0.016 7 9.632 9e-13 std 6.680 9e-47 6.680 9e-47 6.680 9e-47
time/s 0.486 0 0.334 6 0.485 9 time/s 0.416 6 0.283 7 0.358 5
F; mean 0 0.024 5 0 Fi;s mean —154.200 3 —148.653 9 —156.664 7
std 0 0.133 9 0 std 4.767 3 8.034 2 0
time/s 0.446 0 0.298 3 0.413 9 time/s 0.431 4 0.293 2 0.385 1
Fg mean 0 0.003 9 1.509 1e-05 Fis mean 1.132 8e-09 —211.907 0 9.285 9¢-20
std 0 0.004 8 6.260 1e-05 std 3.214 7e-09 13.632 1 2.435 1e-19
time/s 0.453 3 0.300 6 0.423 9 time/s 0.435 5 0.297 0 0.376 4
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Convergence analysis of chicken swarm optimization algorithm based on martingale method

Zhou Tingting, Dai Jiajia
(School of Mathematics and Statistics, Guizhou University, Guiyang 550025, China)

Abstract: The most convergence analysis on chicken swarm optimization (CSO) algorithm belonged to weak conver-
gence, and it cannot infer in general that the CSO algorithm would be convergent to a global optimum in a finite number of evo-
lution steps. In order to make up for this deficiency, a martingale method was proposed to study the global convergence of CSO
algorithm. Firstly, based on relevant definitions of CSO algorithm, the Markov chain model of CSO algorithm was established,
and its Markov properties were analyzed. Secondly, the chicken swarm state sequence with the minimum fitness value was
transformed into a supermartingale. By using the supermartingale convergence theorem and the Egoroff’s theorem. it was
proved that the CSO algorithm had almost surely strong convergence and uniform convergence. Furthermore, it was concluded
that the CSO algorithm can surely convergence to a global optimum in a finite number of evolution steps when the chicken
swarm state space was finite. Finally, the validity of the theoretical proofs were verified successfully in the simulation experi-
ment, and it was found that the CSO algorithm had stronger ability to search for excellence and higher convergence accuracy
than PSO algorithm and DE algorithm.

Keywords: chicken swarm optimization(CSO) algorithm; Markov chain; supermartingale convergence theorem; Egoroff’s

theorem; almost sure strong convergence; uniform convergence
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