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Adaptive fractional-order Darwinian particle
swarm optimization algorithm
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Abstract: The convergence performance of the fractional-order Darwinian particle swarm optimization (FO-DPSO) al-
gorithm depends on the fractional-order a, and it can easily get trapped in the local optima. To overcome such shortcom-
ing, an adaptive fractional-order Darwinian particle swarm optimization (AFO-DPSO) algorithm was proposed. In
AFO-DPSO, both particle’s position and velocity information were utilized adequately, together an adaptive acceleration
coefficient control strategy and mutation processing mechanism were introduced for better convergence performance.
Testing results on several well-known functions demonstrate that AFO-DPSO substantially enhances the performance in
terms of convergence speed, solution accuracy and algorithm stability. Compared with PSO, HPSO, DPSO, APSO,
FO-PSO, FO-DPSO and NCPSO, the global optimality of AFO-DPSO are greatly improved.
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SRR G N 7 B Ik R SORE TR R 131+

TR — e PR ST BN A, AR m i Sk
JE R AR UE T — & 4 R & g )1 . Krohling!™
e IN PSO Bikh, HT 51K ia
gy, B T Ak R (GPSO, Gaussian
particle swarm optimization) 5%, GPSO ANf75%E
PR, s 5450 h R e 20 2347 1R BE A L™
e, LA A 48 PSO #4210 A U BE 7™ HE A
TN ZR BRI A B (KA 2 Jason 5P HE T
— MR B AR e e A AR I R SORE T AL
(DPSO, Darwinian particle swarm optimization) 5
%, BASHURERRE S A TS TRE B TR
PSR R, DR mRl I 2 A, 1R
BVE I A R T BE ) o Xu SO T — o IR
TR HE AL (NCPSO, new chaos-particle swarm
optimization) #7%, HF IR MR FPRL 11z 3 1d #E
L ASRE TR TR S AR 2 ) AT ) B AL A
i, RefgBkih RE AL, P T AE R SuR
HURG E o

VE N HT B ARBR 2 v il — T i 20 T A,
SN TR 5> (FOC, fractional order calculus) H i
FEARSCERL, geit ey By, BEGR). 5
A TR S o TR AT I N ok iz T g
Ur, Pires ML KM THA 5 INF] PSO 1, fi
T Bk R AL (FO-PSO) %, X}
L7 HE PR Ji 2 P AT B R 51 R AB I T 3 8
S50] e SRR (U R ot AP ) 2 < €3 1 v i
Micael %5 T —Fh o3 BB ik SR SORLF BEDR AL
(FO-DPSO) Hik, M2 DPSO SHik sl
g, SEue gk R W], FO-DPSO Hyk A1 50Rs B Ffie
SIOAE P BAR T 44511 PSO.DPSO LA FO-PSO
5035 . HIF] FO-PSO 5% —#f, FO-DPSO 5% 1k
SEPEREH EAAKHE T 2 B IR o 4 o (SIS,
W7 R SOH B AR 1S, T2 o (RN, FiRE
B3 N R S e DG AR 2 A A v

EEXFIEANAL , A2 SCHR[1 7182 H 0 B 38 S A
Tt (APSO, adaptive particle swarm optimiza-
tion) SLVEMIA K, IR UL BEAE bk, HiG
FO-DPSO $35, $ 7 B 18 R 1 73 H b ik 7K 3L
R B (AFO-DPSO) Hiykie X JUFp S o 44
SMURAARE o :/S I L U s 2/ ST VAR /W R = R
AICH) AFO-DPSO S REMS e 4 B3 N SR eI, WAL
SR FRE MENRE LT T W i, PR
AR

2 PSO F1 DPSO & EH#hA

2.1 PSO BEiZEAKIREE

WAE—A D Yl H R RS, A7 N AR T
A — AR, b, 28§ ASKET AL B R R A )
X, = (05X, %) o TRV, = (v, vses
V) S0 ARLT CRATT Py s g e A
B P = (s Prasees i) > BABLT BHE R 10 AR
BLFE P, = (Dg1sDgrs s Pop) » B XARA HARRECHST
FOENAR,  REASRL T SR SR SHEng 23331k

v (t+1)=wv, (1) +en, (p, O —x,0)+
XAVMOEENG) (M
Xia (t+1)=xid (t)+vid (t+1) )

Hrr, i=1,2,-,N; d=1,2,-, D; {ERD)TF, w
BEEIAL on e BRI REG rigs r2a N[0,1]2
W RIBENLEL g IR AR 5 PR 2 1) e A, /Y
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FRZ A JR Al « I H 20 A 20 2)% R o g A
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DA -
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3) R R L R R B S e R AT, e A
ArF s i Rd, R o] BEM R B b OIS e PR BRI 22 11
Kif, ki b B — e BER, kTR
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7E DPSO Sk, T I8 ERh 71 IE A AT
ORI IREL, WE MR RN SC, WA R
TR fe KT TR SC™ 5 Bz 1 AAE i B
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DN VAR e SP 1L R VAR - E [P sVle S b T DY
THREZHT, R AR b IR BATAE TR B ER I
FoRE PRSI e KO - RV ik, 4
HEBT KPR TR B AU

p=f/N, (4)
Forb, fON[0 VSR OBENLEG N R REECH
3 BEMSEHERCRFRNEEE

HISCHR[16TAT A1, fELERZHUHIE T, 04
BriX o 7E[0.5,0.8]GH A, SVEREHE 3RS S PR

WSl g, IRgh T W M ERIA H UK o
t
(1) =08-03x (5)
oA, ¢ R ik ARIREL, S IERIRECh 200,

SR, G ) o H 2 BEAE 1A A B o
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o AT AT RACRE S SR I L A SR R, R R
IR EE WSO R, AR SO H — AR b 1 AR
AT H KBNS PR LI o 4] H I8 W48 SR s
HAEFIVER SN AR A B 7 2, Frib A b
T HIE B o BB I8 R SOk BE AL AL
(AFO-DPSO) %k,

31 SEMIX a BIBIERNIES

TR 0, e S HARR R S

PR A 2 e i R X (0) R () KA ol

d, = ; Z Z (o — Xt )2 (6)

rePIOICEEN
Hr, N R D a3k AN SO S
RETIIEE, d, R FRHEEER.
AT AL, PSO X ) - FLAth b Ab 500 11 2 22
ﬁ SRR I AROIR S E AL R RN I R R S TR 4
i, g O (T7), & XL —MIRE TR 1%
PH B 5 P38 2 S B PR S 2 7 d
W PR,

lﬂéﬁﬁa CJix

d,=d, + Pxy, d, )]

E(XV,) - E(X,)E(V,)
JE(X ) —E*(X)EWD) -EX (1))

Pxy, =

D 1 D D
fom —*nyzvfj
— Jj=1 D Jj=1 j=1 (9)

D ) 1 D 2 D ) 1 D 2
;x” B ;xij ;VU B ;VU

Hr, pyy, WALE X, MUERE Vi 1 B2 R AT DG R KL

(PCC, Pearson correlation coefficient) o

ECA AT I disr B 7E LT REARZS () B3 K22
1B dymax AR /NZEFRAEL dymine BE diog K42 JRy AR
5 AR IR 22 7 (R T 38ME, 8 CHEAL DAL
T AN

Y (10)
= —c ,
' ds max dsmin

K fo FELE T ASRA S WIS R KK 1 HEAIRZS 73
BRI FFHh . ORI 4 A,

LT REACIH T £ 4 B IR o ) IR R SE
W
1

-1.3863 1,
e s

a(f,)= €[0.5,0.8],Vf. €[0,1] (11)

o MR IEAREHOC, T2 ARk 1
MRS B SR T AT 3h A 2
3.2 IMERYBERMEH SR FIRESER
BTN w BB 1, KIS ik
r ] Griinwald-Letnikov 7€ X, FiFi# &4 2(12)
HATEE .

b =@+ 3@ o+

ia(fs ) —a(f )2 —a(f v, +

iy (Pu () =X, (D) + i1y (P ()= x,(0)) (12)

e, a(f) BRI B o RL A B 42 R (2) A T 3
B AR 1 b R I ke 1 AN TR AR S PR
FHL H oo ey i

3<c ¢, <4 (13)

R R R 4)skoE i E X

c(g+l)=c(g)*0,i=1.2 (14)

i, 6 o4[0.05, 0.1796 Fl 34 7= AR IR ATL AL
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) VAR RS £ VE WA B 15/ = R L w B R 0T
St N T e IR B R) E, ALFIVME X Bh A R 4L
2 BOHAT A VP T — R H E & N AR AL
1% PSO #9%; Chen 2" PID Fihl S ik
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BHEAL I FAE pya2py | FEFE P2 AL
3.4 BIRHISE SR
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e (1+2)"" = (1+1)" ‘
SR(20) AT B el R AR i TR BUB R
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lim x(r) = lim(k, + k, ' + kY +k,6' +ke') (23)

R, LB By o il e B2 max (Al D], 116,
llelD<1, M
limx(¢¥) =lim(k, +k, B + kY +k, 0" +ke' )=k (24)
f—>o0 t—oo

FUta UEWAEAT I max((|B1], [IyIl, 1011, llel>1 Z&F
T, FHEZ QDA AL ] E)|81>1, AR
AR

A1+ a=0,)= g Jo] +1)+
L-a)e-a)p)|i-p) €I

BT rig, raa FE[O I TVEH N, 3<< ¢, +¢, <4, a(f)
zwmnmgﬂw,%ﬁ-m@_@ﬁﬁﬁ@ﬁ@

. o g 1
ihﬂﬁﬁﬁﬁﬂaylﬁﬂ+mﬂ—@<—m,

=18t (a0 -0) - LBl 1)
2(1-a)(2-a)(8+1) |1~ 5)
i

0<-04+04|p|<z<-2+2|4|

K5 |BI>1 A z=0 [IFANTIE, SRR
S5 Sy 0 A e BRZGH AL max (|1, (I (1611, [lelD<1-

DA, A5 SR ) AFO-DPSO SLVELEL E S
His [l PN S 4 SR ST
3.5 AFO-DPSO B ik

AFO-DPSO HIE M S BT BEFE W R

stepl  WIUAALRL TBE, BB 750 N K2 )4
D, WE R KNIERREL tnaxs MEREL 1 F ¢y
i e BRI BRI AR, BEATLAR ORI
Vi FIL X

step2  OJAREANRL T HEATIE N BE VRN, KR
A pia BEE N ATNIE, AR poa BN
WA TR SRR T IO &

step3  FI T BRSSO I 2 A0 A2, 0 R il
JE, B step8; M), AT step4.

stepd  FFERIEA, HEAAREIG N 1.

stepS PR RE R TR AT W R R

(26)

@© WA (6)~20(9) 1 BVKL 1 1)1 B BEAOIR
Zert, M0 RG] 7, ESLEEA L, WM
)BT 73 2 i

@ MHEE 1R 3), (149 H
2 AR EIRSECER RS L, M E(12) 550
(2)SEIL -7 5 38R 1 S s

@ X SEFRAS Jo R 7 PR N B AT VP A
U FORL 7 3E Y O T 2w R MARRAE, K pig
HNZRLTALE, H B MARAE: Wk
T I AARAR T B B 0 T 24 4 SR ARAEL, WPRE pga
WEZRL AL E, B4 R .

step6  XPRL RS N AT IR BE, H W
1t S B RE ~ BE B R T, A BAoRE
DR 45 30 (3) B B R B AR, A M 3 T kL T
B, AR X (@) 20 A b PR A,
W] step7.

step7  HRIEXQS)THEA TR po TEAKLT
g MNO,D)EBEHLEL rnd, 37 rnd;<p, $%5X(16)
AT ;s B, i stepS.

step8 | W7 2 7 SV IO WS Ak A L B
AE R RIS, R AL, AT step9: I, #efi
step4.

step9 i th E E () A AIARAEL pga B B FETE N B
BREUE, FEBITE .

RAVEEEGk K T FO-DPSO HLMIL S, [
) SRR H kL 7 AIR A5 B R B TR, i 4 o £
Bk o, ANTANER T SRR W SIOE B, TR T A
TN SR B B U0 R o T 1 205 2 PR A S A B 7 =X
PRS2 ERL 1~ 22 A 10 () I 0 384 5 1 B0 4 R
e

4 LHERSHI

MAREEELRE

AT %% AFO-DPSO HEAINTERE, 1EH 6 /Mt
RPRBHEATIN, AR R k) 2
K IR pR 0 R #5¢/MELD » BIT Sphere Rosenbrock «
Delong F4. Rastrigin. Griewank Al Ackley pR%L, &
ek R 27~ 32) R,

Sphere PA%L

4.1

S0 =257 27)

Hr, x,€[-50,50], i={1,2,--,.D} H. 1 (x)=0.0.
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Rosenbrock B %Y
A=Y (100(x, =2 + (5 -17)  @8)

Hrf, x€[-100,100], i={1,2,>-,D} H. £ (x)=0.0.
Delong F4 P& %4

fi(x)= Zx;‘ (29)

Hr, x,E€[-20,20], i={1,2,>-,D} H. /" (x)=0.0.
Rastrigin P& %L
D
fi(x)=>(x? —10cos(2m,) +10) (30)
i=l1
Hrp, x€[-5.12,5.12], i={12,+,D } H £ (x)=0.0.
Griewank PR3
f) =l S —f[co{ﬁjﬂ 31)
40007 Wi
Hr, x,€[-600,600], i={1,2,>-,.D} H. /" (x)=0.0.
Ackley PREL

Sfi(x)=-20exp [—O.2\/§J _

D
exp(%Zcos(2nxi)j+ 20+e (32)
i=1

Hr, x,€[—32,32], i={1,2,>-,D} H. /" (x)=0.0.
XA D=30 NS5, HEA1 A Rl

K f7e AEXSCRHT, £, fo S N ERVEREL, T £y

for fo M VERBL, SR SRS )
A BT B B8 MATLABR2008b,

A2 GB, ¥:AEZRS: N Microsoft Windows XP Pro-
fessional SP2. ¥EH( PSO. HPSO. DPSO. APSO.
FO-PSO. FO-DPSO. NCPSO %5 A CHE K
AFO-DPSO HiEHHTHAR, I8 X7~ E)MEN

% PSO HIE MG S HBCE IR 2 im. AT
ORI AP, B PSO ¥SRH: R4
N=30, ZE4E5 D g 30, Fe KIEARIKEL tmax=1 000,
42 HEBEILER

H T WD GERZ, R % PSO HIEN RN R
AT 30 MR, P IE R SR R 3 P,
Hrf, APSO H%45 3k A SCHR[17], 11 NCPSO #.
EEE FOR B SCHR[10]

PR 3 I EE AT LI, o & e g ek
A S B BREZERE Ly S8 fo B &K
SCHE IR B 3 S 2y B A R SORL T RE LA VA IR
MR G5 R 2] B4 T34 1) PSO. HPSO. DPSO.
APSO. FO-PSO. FO-DPSO 5 NCPSO #H.y% 1l
i, HASCHIEAE f5 FIRAS T 4 R i
43 EFiEBREMREILE

20, AT INSCHER[21]H 58 A i
J5 25 RBCK PR BE RS e TR . ) ff A EEES i
UOBAT T BRGNS, fove A EIFIZAT 30 K
Wi AR IR fnae WAL T, SR ERAL
fil )y 7 0 s XN

30 2

)
M| fitavg | =1 froa BUEA max(|fi—favel)

Ji = S

max

(33)

i FIAEE: CPU A Intel Pentium 4 3.20 GHz, WAF B 1. & 4 B T % PSO HIEXT 6 A e 2
=2 & PSO HiZMBHIRE

ik ZH EEPEN
PSO w: 0.9~04, c1=c=2 (1]
HPSO w: 0.8~0.2, c1=¢2=2.5,Vinaxa=0.5%Range [7]
DPSO SCmax = 15, s¢ =0, w=0.9, Nyip=0 [9]
APSO HBhik# [17]
FO-PSO w=0.9, a = 0.632, c;=c;=1.5, rig: 0~1,r25: 0~1 [15]
FO-DPSO w=0.9, a = 0.632, c;=c>=1.5, sCmax = 15, sc = 0, min_swarms=4, max_swarms=38 [16]
NCPSO w=0.729 8, c1=c,=1.496 2, r14: 0~1,r24: 0~1, Vinaxi=Range [10]
AFO-DPSO w=l1, ¢1: 1.5~2.5, ¢3: 1.5~2.5, 9: 0.05~0.1, r14: 0~1, a4t O~1, Vipaxs=Range AL
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%3 RERLFEHAE LY 6 MK R R R LR
T BR 4
R RS
Sphere Rosenbrock DeJong F4 Rastrigin Griewank Ackley
PSO 3.700 4x10° 13.865 4346 7x10° 1.0655x10? 2.61x107 11.495 3
HPSO 3.876x10" 3.236 3 6.35x107° 4.8642 2.37x107 5.6972
DPSO 3.28x107° 2.343x10" 1.3752x10°7° 1.9899 7.4x107° 2.408 3
APSO 1.45x1071° 2.84 2.13x107"° 1.01 1.67x107 3.55x107"
FO-PSO 1.534 0x107° 6.1x107 9.252 1x107"* 3.5x107 1.418 5x107 1.4x107°
FO-DPSO 3.472 8x107 1.1x107° 8.809 8x107' 4230 5%107° 8.137 7x107° 1377 4x107°
NCPSO 2.027 9x107° 2.906 8x107* 2.0809x107"7 4374 1x107* 9.905x107"! 9.086 9x107
AFO-DPSO 2.342 0x107 2.206 9x107"° 6.336 4x107 1.895 6x107"° 0 3.661 0x10™"
=4 MR BRI R M E S E L
IURENEAE-
R AP
Sphere Rosenbrock Delong F4 Rastrigin Griewank Ackley
PSO 2.097 8 24548 1.796 0 0.348 8 1.640 8 0.907 4
HPSO 1.602 2 1.629 5 1.013 0 0.2162 1365 8 0.020 0
DPSO 1.006 8 1.071 8 0.961 1 0.077 4 0.937 1 0.016 2
APSO 0.5126 0.625 5 0.838 1 0.017 3 0.681 9 0.001 1
FO-PSO 0.750 5 0.834 1 0.883 6 0.023 2 0.815 1 0.002 5
FO-DPSO 0.409 1 0.3342 0.734 4 0.0137 0.657 4 5.905 8x107*
NCPSO 0.059 7 0.083 7 0.276 5 0.004 3 0.1912 3.541 6x107*
AFO-DPSO 0.003 1 0.008 4 0.020 1 0.001 7 0.011 6 1.463 7%10°°

WATARAC A3 2 e U T 245 . N T LUE
H, ASCHE ) AFO-DPSO SE3E I s At )7 25 b 3
iy 7 PP EE N X UL AFO-DPSO HiL48 % 2|
() ARl B A
4.4 WEHRE ELE
K 1 N34T DPSO. FO-PSO. FO-DPSO #ik
AT H 1 et 1 23 B R R DLAL SRV 6 A
BRI o BCREAT DAk () 3o R b R e SR RE T
X R TAEFLRES, B 1 A AR bR ER K 3
FE PR EE R o
HHE 1 o 4 MR RO AE 6 NI R 2
RS ERE L R AT LUR H, AHEE T DPSO. FO-
PSO #I FO-DPSO 532, AJC#2EHi 1) AFO-DPSO &
EHA R RSO B, R A TR
IERIE G AT H A IR iR e A h Bk 25 R I e

R 7E 2 B3 0], TR T BEN SHOR R
W, A RES PR S BV LR N AR A, AT AR
KM s T U A R R Be ), I 8ok o
T IAT LT RO S A A I L S S )

gr LTk, HMAR 7 Fh PSO HikAHLE,
AFO-DPSO Hyk o th 5 A N3 = i # AR ik 1k
e, HRSGERE . ot R R HAE R T B
P
45 HIEMTHTEEZRESR

Fe R BA R4 (NFL, no free
lunch)” BB, — Pl AT GEAERE— ANy i BY
FEAF— A 1) 0 0 e A% 4 (1t bb L Ath B A 450925 3 4
PITERE . FEARSCIISEI A R P SRR TiX fi. 5
52 8 FUEVELE 1000 IR IFIERIREL XS 3L 6 1N ER
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