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Abstract: Cuckoo search (CS) is a new nature-inspired intelligent algorithm which uses the whole update and evaluation strategy on
solutions. For solving multi-dimension function optimization problems, this strategy may deteriorate the convergence speed and the
quality of solution of algorithm due to interference phenomena among dimensions. To overcome this shortage, a dimension by dimension
improvement based cuckoo search algorithm is proposed. In the progress of iteration of improved algorithm, a dimension by dimension
based update and evaluation strategy on solutions is used. The proposed strategy combines an updated value of one dimension with values
of other dimensions into a new solution, and greedily accepts any updated values that can improve the solution. The simulation
experiments show that the proposed strategy can improve the convergence speed and the quality of the solutions effectively. Meanwhile,
the results also reveal the proposed algorithm is competitive for continuous function optimization problems compared with other
improved cuckoo search algorithms and other evolution algorithms.
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optimization, i #k PSO)! 2 RIS R 4472 (ant colony optimization, (i Fk ACO)PIERERT B8 523 I i oh I T Sk ok ik
(10 552 o ) LT LA R U5 1 AR 0 R G 0 RV B TV 22 I 7 A DA S e BEA AR SR R BRI
FVEE A5 4% 1938 R (cuckoo search, {7 R CS)4 k8148

CS S — P R R B S5, I LSS AR T 0 A 4% 1 5 7B 77 4T D LA 5% 2R sl R Levy flights 47 4 1)
BEAU.CS FEAMMUBE AT S50 5T SEEUAEO0 s, T H AL e i T Fn M IRoR - BE D0 A S0 R 22 4 i 4k
$ vk (differential evolution, {# #% DE)!1%.

CS Sk HAT B2 i B, E U T P A GBI 4L 0 Lévy flights BEALIE S0 A1 i ff BEH L 2, — 1
7 B I SR A R4 SR A R B TR BRI R AR 2 2N CS R IEAT IR 5, IR 48 HH AR DG SOk A, = B0
SR B 3 B LR A5 A 3 A 45 T Walton 2 AR Lévy flights BEHLIT 1) Lévy BERLE KK
ANBRE Pl S R A DA i JR 4 2R, S 4 S U IH 6 DK 22 B0 bR BT, S0 B L A R 1 P R AR
SEAE TR L AR P ST A R e A Tuba 45 U2V ot Al 2 B AL 3+ F) 25 K4 — R i b B 2 10
HERRAS, S0 45 5L o, ISk S0k (0 Pk BEMS AR TARvE R CS 4203 Valian 28 A5 N BE N HLELIFHRE T —F A
& WA B IS R IR EE 1) CS B2, T2 56 45 SR U0, 70 K 2 B0k B B R 5T A0 T A CS SR Layeb
S NUHG B FHO . B P A g DL R R AR A B S A, AR CS SR RN RE A0 2 RE P I il S
SRAFHEA ) B Ghodrati 25 AU 4 PSO S35 A Jr Se AT AN (AR B AR A A A5 7 CS S35 Lévy flights BEALE )
Fi it BEHLIG 8 2 [ 51N PSO 414 L1k fig 55 M e Bk L R — 52 1938 4+ /7. Wang 25 AN PSO 15 CS
AT AR RS FE B S8 H PSO SRR AR BE, I i 5 42 JR s AN A A e A, FL R T CS SRR A 4
Mok 2 T, 07 BLS2 5 0 AIE, IMOEE SV b CS S B AF I L AE ) Srivastava 25 AR Lévy flights JEAT e 44
FI G INEE A 2R ALK YT B UL A A N2 S A R BA B o, DL B B N SR 38 B U, 9 1 Ty b B T S A 20
B B A i L L 2 AU OV i e B R L 30 2 5 5N TE AT 2 STH LA, A e 50 (R 3 2R A 0 1 SR A TR
RGNS B B ) R 28 o e Ak 1) R AS TR 1 Ve

I S W A e b R T CS BV IR IO B T T, AR T TG 1R B SR Lévy flights B L3114
A e AL BT A8 BSEHT (1) i, 28 A2 A 3 AR B 3T i A S0 X e A 3 AT VA, RIS 55 A B A8 S L I A 4 T L, 70
RO 0T 2 4 00 H bR 0] U 5 BT AR A R TLHR ISR A4 T T T A0 SR I 18 532 T 59 P A 0T ik 1) o
0L 5 — 5 T T U A 5 4 ROV 1 1054 St SR I i 0 A L b R e 2 ) 5 A S SR S T PR A

ARl T L, S A) S T PR VP 5 o VAo D, B 2 AN R AT P 0, 30 e AR 505 ) 52 T P A S S Bk AR et
oW AR B O 4 O A A S 3 R H 7 (cuckoo  search algorithm  with dimension by dimension
improvement,ﬁvﬁﬁ( DDICS).DDICS SRV L A A U BE AL U Bl R 5] ON T2 A TSIt SR SR EE G 4 1) HL B, IR B XS
0 WE AL 30 P 201K SR 77 5B N4 28 77 1), RAASE A 80RO A5 6 i 0K ) 4 2R 0 AT i v i £
JHUHE. 5 SR A2, DDICS S5 78 328 2 50t 1 e mp ELHER T s R 55, T AN 2 B8R S 8 ) D 0 B0 A 1
WEREAT VPO XA ) T 05 (0 S o I PR S50 45 R W, e SR e 6 A5 ot 4 vy CS SR e Sl iz
I SR AL 0 R T LA SR 322 458 e S DA 1) R AT S5 4 0 .

1 HAERREZ

AT 1 R P 2 A 7 AR R R S ARG, R L I AR A T A B S A R L L LA 1 20 SRR AL
AR T BRI R, SO SR B O SRR O B S IR B 2 LA S SR B S AT AR
B U2 K R 1 A 25 A B A 1 IR S £ At M 7 R BT I 5L Yang A Deb 5T 3 (K4 45 1 S0 SRS,
S AT QAR EE, HAZSEAE T 3 S A Te:

M 1 A RATR 1 OO 1R JFRENLIE R 1S SR

MW 2. EEIFI S B SREET AL

MW 3. w] SRR BRI E Y, 0 5 SR AR RO LR A p,e(0,1].
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BT B 3 £ HN),CS Fik A RBEWEE 1 i
&% 1. CuckooSearch.
Begin
WAL R EEn host nests X;(i=1,2,...,n);
PHIE NAL:F(=1,2,...,n).
While (AN 2 5 1E 45 1)
KH Lévy flight A= 587 % X
VHELHTRE X BIE A F
EPEARIENR X,
If (F>F)
FH T (1) 2 AR M e
End
RIS p, T 3872 R
FH O 107 Bt AL 3007 A 8 (A 25 50 I A
B o L (1) .
End
End
76 CS HE, 1 AN Y HRIR | MEILAR.CS HIE T JC7E ST i (0 2l F LA Lévy flights BENLIF2) 7 AR ik
TR AE AN AR B B R8s TR A RIS p, 5 5030 43 A 5 Jia 4% A A R LU 2 7 =X 37 AR B S 2% 3T Al
[ Ak (1T 0 0 P I DR B R IR AR 2 5 58— AR
3% H Lévy flights BENLIE SN A2 ORI AR X; LLS 34T 2 20D I B4
XgH,,-:Xg,,-Jra@Lévy([;’) (€))]
Horb X, KR g AU i ME o 2 KA5 B THBIBEN UL R G LA T Refg A T s L h R e 2 A H
2 KAF B SR [S1R I A N Q) THE S K AT B
a=a o(Xgi—Xpest) ()
Horp o 2 B (0 6=0.01),X e 713 2 HIT B LA
AR (D) ,@ 2 A (entry-wise multiplications),Lévy(A) R N Lévy HE3 4345

Lévy(B)y~u=t""7 0<p<2 (3)
T SCER[81R A X (4) 15 Lévy BEALEL:
, _ oxu
Lévy(p) 7| 7 4)

o v KR I A5 5117, A=1.5.

[F(l +,6')><sin(n><ﬂ/2)]/ﬂ

¢ = F(%)xﬂx 2(15‘—1)/2 (5)
AR ZEE A (D~A K (5),1E Lévy flights Fifi LI 2 411 H,CS S035R FH 2 2X(6) A2 1T i fif X
Xy = X+ g 22 (X = X ) ©)
g+l g, |v|]/ﬂ g, &>
TE 2 — 5 WAL R R B 2) 25 38 58 00 iR 2 S , S50 9 S FL A Je Bit  L3i s9  A Jev Ie) 38: FR o e, L 2 2X(7):
XgH,i=Xg,i+r(Xg,j_Xg,k) (7)

Ferb e FEGAN 52 (0, 1) DX TA] Y372 73 AT BEHLEG X A X 4 2 RIS HS g AR I A BEALAR.
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2 BRUEMER CS BiE

2.1 ETREHNREEMEN RS
£ CS S, B AR A 2 B AL IE 2)) 20444 R -1 Pl it 1) 22 ek DA RO 88 B0 1) 4 SR A R B8 T B0 T 2 4
EI b bR 50T 5, 60 A R FH 8 A S VP S0 W K 536 i B2 M0 IR 8 R AR 10 o o AR B E A R (X)) = X7 + 05 + 7,
PLEAESE g ARG § M X,,=(0.5,0.5,0.5), LB, H A7 bR A (X )=0.75 AL B AR A b B W 1 56 R A 50
(¥ Xy, WEERTER N Xpry =(0,1,—1), FEUARYE H AR o B 1288, 0 H AR R B [ )Z2. BT (X )=2>
S (X ) A B8 SO 2 A PR AR S0 5 T8 9 PO AR O B 22 i A K T 0T LG S A ) % 40 PO A B H A i
Hiv 4 JR AR X,=(0,0,0) AT 510,505 1 4EMME B 0.5 JEA6h 0,56 2 4EFNSHE 3 2k iEH1 4 AR AL 1 AI-10E Ry
55 2 YERNEE 3 4k (138 Ak, R 1 bR AR AR 22, 3 B5R ARR I JT e AN vR TTT 7 d C ZR B 1 4 1 A TR 9 o B
PEA VKB AR S5
R 4 BT VAT SR W R 5 L it R ) L 3 SR o Sl 2 R A A SR, M R — R A CE S,
16 55 A 24 V10 ML 201 B 0 — A 7 1 e, 40K T VT A0 20 . T 25 T D 858 (10 38 4 B 39T DT Sk, U BB A 5 2 T A 1Y)
SR A 32 0, X, 5 1 HEROE R 0.5 SRR 0 I8 8 5 LA 4 (R B AL e — N HiR Xgi,=(0,0.5,0.5),
BN B BUE f (Xgr1,)=0.5<f (X 1), JIT LASE T~ 003 1) SR G 2 2 A W BE 0 HEE N N —4E R BT AR T X, 26 L
YEAEHT 0.5 FHT R 1 I (0 55 H A 2k (A5 21 & B — AN TR Xger,=(1,0.5,0.5), FH T~ BRI BUH f(Xgi1 )=1.5>f (Xg0), T
PRI oA FE 5035 224 B A8 40 T 24 W 4 0 B3 (L, D N — 4 0 B B 48 R 3 T S A5 1) 78 4 o T DA SR A 75
SR (10 30 A A AN 2 BT S Ath, 4 17 S0 T e 220 S, £ it B0 00k B A8 R P A 1) SR A5 6L 9 1 3 1 AR R AT Jm) 3 48 2R AT
ARAG T e TR AR 4 v SRR R AL IO L
2.2 BUHEEARIRIE
DDICS S 1o 75 e it BEALIE B0 Hh 51 N 38 2 503 PRAN SHEm, LA 3 O 4 ) B H0 AR, O 2ef BEATLIE 3 h K25 K
B 7 TR I T XU AL AR, FE AT 78 4 ) A 1 AR B A S AR T 32 A S0t SR TEAT JR E 4 R e R, 2 5K
(D) I ERTR R e B0, 1) X B] PR35 50 3 A B AL B 8 — s A5 B2 b BT i 4 B ALY 20 10 48 22 O ) SR T/ 7T L
(=1, 1) DX A1 353750 43 A1 BE AL AR 0 Bz i 45 22 308 38 X0 i 48 22 388 o e 38 48 2 i ). M e, DDICS i A (718
ok A (8):
X1, =X it (Xg=Xg 1) (3)
Horpr 2 (-1, DIX A BEHLEL X, & R R 5 g AR BENLAE.
FEAN U B I T T 5 A B 2.
&% 2. DDICS.
Begin
WAL R EE 0 host nests Xi(i=1,2,...,n);
P X(=1,2,...,n).
While (ANl 2 15 1146 1F)
Fori=1ton
KA 2R(6) AR BUBT IR A8 Xogi 45
BRI X, 5
If (Xgi1, BT Xy )
X1 AR X, .
End
End

Fori=1ton
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If (r>pa)
Forj=1tod
X=X
X[JI=X (X Th1=XTi)1);
If (X T X))
2T X=X,
End
End
End
End
R B BB et (R 1.
End
End

3 LREER

9T W5 U AR SR AR 22 o bR AR 0 A 1) 17 WS S AR 1 T, SR AR R 3 2R R AR, LR 1.5 1 2k
i BALIGE BR , rPf J TRT () U B K, E L IR A B0 BAGE BR KR LA S 2 o I RTAE  0e R H21;
55 2 IE AT AN R B W AR P 22 06 R AP 5 3 R LA A e e ) P 0 2 1 R %512,
Table 1 Test functions

F 1 e Ak

DIRENEEE MR [REBE| RS
D
[@=2x [-100100] | 107 Sphere!?!!
I izil
£x) =D (100(x,,, —x)* +(1-x)%) [-100100] | 10 |Rosenbrock™!
i=1
S3(x) =20+ exp(1) ~20exp [—0-21 /1zx? ] - eXp(lZCOS(ZEX;)J -3232] | 10° | Ackley™"
niz nig
fa(x) = i X —ﬁcosﬁ +1 [-600 600] | 107 | Griewank*!
G400 i
D
f5(x) =X (x —10cos(2mx;) +10) [-5.125.12]] 10° | Rastrigin®
i=1
f.(x)=418.98297 + Z(x,. sin (1, |)) [-500500] | 107 | Schwefel®

i=1

Sr(x)= E{lo(sin(ﬂyl N+ nf,((y,v =D’[1+10(sin(my,, )’ D +(y, = 1)2} +
n

i=1

R
=
HR

> u(x,,10,100,4)
P [-50 50] 107
k(x,—a)", x;>a

Generalized
Penalized 174

1
whereyi:1+1(xi+l), u(x;,a,k,m)=40, —a<x,<a

k(=x;—a)", x, <—a

fi(x)=0. 1{(sin(n3x, )+ S((x, = 1)’[1+ (sin(n3x,,,))°]) + (x, = 1)°[1 + (sin(ann))Z]} +

i=1 50 50] 10-¢ Generalized

i (x.5.100.4) [ Penalized 2124
u(x;,5,100,

i=1
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Table 1 Test functions (Continued)
F 1 WKL)
PUREER MR | BEEBME BRI B4
& Shifted
fo(x)= ;zi + f_bias,, z=x-0, 0=[0,0,,...,0p] [-100 100] 107 Spherel?)
D-1 .
. . . Shifted
Sro(x) = ;(100(2,272”,)%(2‘ 1)+ f _biasg, z=x—0+1, 0=[0,,0,,...,0,] | [~100 100] 1072 Rosenbrock?”
S Z_[eosZt414 /b
X) = f—— | Jcos—F=+1+ ias.,
S ZI 2000 1_11 7 S _bias, (0 600] 1o | Shifted Rotated
A | z=(x—0)-M, 0=[0,,0yss0,], M = M'(1+0.3| N(0,1)]) Griewank!”
WEFE | M': Linear transformation matrix
X [1&, 12
x)=20+exp(l)—20exp| 0.2, |— > z7 |—exp| — ) cos(2nz,) |+ bias,,
Jia(%) p(1) p( D’Z:l: f J p[DiZ:I: ( ,)J f_ 3 . Shifted Rotated
[-3232] 10 Ackley[ZS]
z=(x-0)-M, 0=[0,,0,,...,0,]
M : Linear transformation matrix, condition number=100
D .
. ~ Shifted
fw(x):;(zf —10cos(2nz,) +10) + f _biasy, z=x—0, 0=[0,,04,...,0,] [-5 5] 1072 Rastrigin®"

I, 2 145 T 4% B8 Kt e Sl 22 B 1125, o Bt 22 31 57 LA (9):
Error=f(X)~f(X") (1)
Horp X RORBEVEAT B X I 0 K04 SR e e A A2 3X(9) T 601 R S0 350 22 /I ot 1 5 e e
76525 1, DDICS 55 1cs!,oLes! 1 cSPSOU 4 itk (f) €S 579,11 J% DEahcSPX!? jDERS),
CLPSOP7HI CoDER*1 & T Ath 35 44 5 11 1 fi EH e, LA 2 AT e 3k 500 P00 57 4 3 ) N 45 A SV At F) R LA <P
VIt e bt 227 T ;AR 7R, FE 45 H 0.05 B2 7K T XU - 46
o “NRINEILITYIR %S DDICS HE TR ZE1E 0.05 B3 7K TR 10U 246056 & A I8 35 1)L R 11

S AL

o “IPRINFVEMTIYIR 2 S DDICS Bk RI 3R Z54F 0.05 528 7KT R W0 24836 2 1 35 10 A 14D 3R
2Lk DDICS $yk %,

o “PRINFILENIPYRZE S DDICS HL M PR ZELE 0.05 B2 7KF (00U ¢-H6 56 52 52 25 1), A 1)
i [k DDICS $7yk B iF.

3.1 MERREDN
® 24T CS HELL ) DDICS HEAE D=30 4= ) b 1) o B0 1 315 7 Kb 22 3L b R (1 RS
NP=D,KIMEH p,=0.25,5 K& EIEN IREL FES=10000xD, 15N 11 M L1247 50 IX.
Table 2 Mean function value errors of CS and DDICS (D=30)

% 2 CS 5 DDICS 734 ik #1272 (D=30)

R CsS DDICS EEA CS DDICS

fi 8.46E-31%1.19E-30%  3.15E-79+7.62E-79 | f; 4.64E-29+1.37E-28%  1.35E-32+1.11E—47
5 1.07E+0149.44E+00f  7.20E—01+1.25E+00 | /5 421E-30+9.91E-30%  0.00E+00+0.00E+00
f 3.73E —02+1.84E —-01F  3.41E—14+3.93e-15 | fio  2.76E+01+2.34E+01f  4.18E+0016.67E+00
fa 3.29E-16+1.75E-15%  0.00E+00+£0.00E+00 | fi,  8.30E—04+2.24E—03} 1.97E-02+5.60E—03
/s 2.54E+01+4.39E+00%  0.00E+00+0.00E+00 | fi,  2.09E+01+4.67E-02f  2.07E+01+5.95E-02
fo 1.25E+03+3.04E+025  0.00E+00+0.00E+00 | fi;  2.66E+01+5.29E+00f  0.00E+00+0.00E+00
f 2.05E-20+7.28E —20f  1.57E—32+5.53E—48

M 2 AT 6T L b K = DDICS S5k 5 CS HEALE, 2% S v 17 A ) o, LA B BRORS T2 A2
X2 SR SRR 25 1) 22 W bR KR DDICS SHIEAE faof7 1 fg BREL T B 354 80 T MR I SR, T FLAE £ f s B fs BREL L
WA 4 Jm B LA AE 265 3 S8 pR B P TS TR 2 AR 400 1) B U8 R S f 0,10 S AR 4 1R 22 W RR L f 10 A1 f 13, DDICS ST AT RERL
D 318 e 90 )RR R A AE fo AT f 15 RAS 4 R DL A 0] T e HLAZ 0 ) 22 W o 55 1 T 55, DD SR RE 5 17 24
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P& CS SVAMRE ) I i AR M0 T g 4 HLAZ 4 1) 22 06 bR 20 f 1), DDICS S3 BLARIRAGT 1 BT 1O Ak, A1 A RE £ o A 19

J5i . DDICS $i% 22 v LLRE AE K 2 B i) R 2 b D038 i 10 i, 2 A D SR T DD S A S0 00E B 17 4 ) T3, 78 70
T S A T AR A5 SR N R A50% J) 4 R AT 80 SR PR BE T AE L oA 18 TS0 AP P 0, U T DR 2% e B
WA LT, H R ARARAE A IR A R A5 1A 2 Ah, 2 B e (A5 B 7L 51 S R R TT R F 48 R fe 25 W R 1) o
3.2 WSR3

3 gy T RS R G R ZE B DT 5 11 250 B EOOP A ORI 1 22 S J D B =3 R BE ST
FRE R BT CS VAR 4R AR SR PRV SRS A7 0 2 8] L, £ — 5 R L IR 9% T BR B0 K R E AR
LT I A A SIS e 22, AR DDICS . SR IZ 4EVE A v A& — 7 1) BR ECPP A7 U 50, (E 28 2 B RE % 56 =)
H SRR e 0, AT A T 3RAF B IR, AT AN PR S IR S N3 3 (RS2 6 &85 R Al mT DA HY <X B0 o 00T 5 ,CS
21 DDICS S AL £ e B B W8T i i v 22 BUEL (B4 B 1P 24 e 0P A 13, DDICS i Wt B AT Bk
(TSI 5 AL 52 2% 1) 20V BR BCPP BT T fof7 AT s BRIES T 530 LA [ £ s B X BB 80T i e R 2 L, (ELAR
i1 259 B& VP AN I H, DDICS 535 LU AR B BE SR T f3,f's B f 6 B K A5 B 1 24 R BT X 8, DDICS 47
WG ISR 4R e R 2 B, T HLAS BY TR Zh IR 8, DDICS S e SR AT B U IO RS Tk B0 f1 BRI R T
DDICS S A BERATHLLF I, T LT A BEWCSICT 45 58 5 25 BUAH (EAE fo A1y bR % 1, DDICS S bRkl H AR
ST ST 45 o 158 2 B AL

Table 3 Mean FES of CS and DDICS to reach specified error threshold (D=30)

% 3 CS 5 DDICS Wi TFi5 5 17 2= B AE 11135 s 20 VAN I B(D=30)
BF 5 Cs DDICS B Cs DDICS
f 87890.9+2706.3(50)% 38764.2+1452.8(50) ¥ 148538.2420898.2(50)F  33410.0+1718.5(50)
f 162313.3+34687.8(48)F  64676.3£1265.8(50) fi 99216.0+4868.5(50)1  37549.4+1535.1(50)
fa 124996.5+22839.0(50)F  49461.9+6207.9(50) fo 91621.143116.0(50)1  40536.1+1155.5(50)
fs - 78996.316353.0(50) fil 155926.6+25420.5(50)F 283974.0+0.0(1)
fe - 115460.4+11417.7(50) | fis — 88962.7+8390.8(50)

A T 325 B DDICS Sk SIGE BER T CS 5095, B 1~1 4 BB AK R 7R P S0 S 80T 41 o 5 2 Al
(13 53 bR SO B AN I 3~ 181 6 1T LA H: DDICS S92 1A e S50 A5 B Sl A A Ao pr i St & i HL A i 0 A
PR T W IO B A I LA e e 1 SROKS B8 0 TG IE T 2 4l 1.

HF faof 10 B f 1o BREIT 55, BLAR DDICS S1% 5 CS SR A BRI SI T Fi e 152 2 B A, 1H 2 B 5~ 7 Ui W] DDICS
SV BTSS0S i 1R A A O ) A S il 2480 40, DDIC'S. SLVEALAK 2 B 10 PR BIAE 1R 0 FLAT e B ) S SO S 4 JR
1 AR IS SIH P R 2% A 5 CS BV LU AT SR L AT L (¥ SRORG 8 7 AE SR AR f 1 o B B vl ,DDICS S92 7 LTI
S RE BB E LT CS S (R BE A AR A HEAT  ZR I H e i M I B N SR R i

10, 23,
0:‘*:: ‘‘‘‘‘‘‘ 0 ;:i-k""--,__
T —101 el T, [ 4 K -
& ] T, ©o-2
& 201 el Tt oS BN
40 - gl \ DDICS
& =501 AW c% S
8 601 —=—CS . g 107 \
-707 —+—DDICS . -12 kN
801 . 14 ST
0 100000 200000 300000 0 100000 200000 300000
BRI VP KL BRI VP K
Fig.1 Convergence curves of DDICS Fig.2 Convergence curves of DDICS
and CS for /| function and CS for f3 function
K1 DDICS A1 CS K f1 B skith 2 12 DDICS M1 CS KA f5 o 2 e Sith 2k
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104 1
\ e
— - —~ 07 % ™
I R L & N TS
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Table 4 Mean function value errors with different dimensions

T4 AFLEE I R BUE R 2
D=50

B CsS DDICS ERA CsS DDICS

h 3.61E-17+2.76E-17(50)t  9.68E—46+1.1E—45(50) Js 6.00E—15+1.04E-14(50);  1.35E-32+1.11E—47(50)
f 4.51E+01+1.99E+01% 5.22E—01+1.13E+00 o 1.20E-16+9.69E-17(50)F  0.00E+00+0.00E+00(50)
f 1.91E-02+1.20E—01% 6.19E-14£5.52E-15(50) | fio 6.93E+01+3.18E+01% 1.82E+00+2.60E+00
fa 1.48E-04+1.05E-03 0.00E+00+0.00E+00(50) | fi1  6.31E—-04+8.62E—04(50)t 6.58E—02+1.81E—02
fs 8.55E+01%1.10E+01% 0.00E+00+0.00E+00(50) | fi2 2.09E+01+4.67E-02~ 2.09E+01+4.81E-02
fe 4.40E+03+3.78E+02% 1.84E-1121.14E-12(50) | fi3 1.25E+02+1.16E+01% 0.00E+00+0.00E+00(50)
fr 3.88E—-04+2.60E-03(16)1  9.42E—3321.38E—48(50) - - -

D=100 D=200

EE CS DDICS iR 5 CS DDICS

fi 7.01E-07+2.41E-07(46)}  4.56E—2143.23E-21(50) | fi 9.34E—02+1.28E-027 1.22E-0745.92E-08(50)
f 1.13E+02+3.18E+01% 7.71E-01+7.74E-01 f 8.05E+02+1.52E+02% 1.01E+02+2.45E+01
f 1.83E+00+3.42E-01% 1.50E—10+3.88E-11(50) | f 2.29E+00+1.33E-01% 5.88E—04+1.29E—04
fa 1.18E-05+3.69E—053 0.00E+00£0.00E+00(50) | f4 3.71E-02+1.60E-02% 1.17E-0746.39E-08(50)
fs 2.86E+0242.22E+01% 9.53E-02+2.46E-01(13) | fs 8.68E+02+5.22E+01% 2.57E+01+2.16E+00
fe 1.40E+04+7 42E+027 4.4TE+02+1.14E+02 fo 3.35E+04%1.39E+03} 4.21E+0342.84E+02
f 3.10E-01£1.83E-01% 4.67E-23+3.06E-23(50) | f+ 7.87E-01£1.60E-01% 4.43E-10£2.12E-10(50)
f 6.65E-04+1.23E-03(20)%  2.12E-21£1.32E-21(50) | f 1.36E+01+4.33E+00% 3.29E—08+1.55E—08(50)
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oW e e (1 R 2, DDICS SLIEAAL £ bR B PE R S AN ERAEABAE foof 105/ 12 A f13 BAEL T 0HE RE & 35 AR 14, 10 ELE £
F f 15 B3 E, DDICS HEF B W ST & R Al A B TR b B it 45 3 ,DDICS Hk A b AL T ot ik

SR PR B BRI SE 4 ).

Table 5 Comparison results of the DDICS algorithm and other CS algorithms (D=30)
%5 DDICS 555 HAth CS v 1 Hu i 45 R (D=30)

BRI ICS OLCS CSPSO DDICS
i 6.13E-49+8.19E-49(50)]  3.20E-128+2.13E~127(50)7  1.03E—44+3.43E-44(50)f  3.15E-79+7.62E~79(50)
f 9.51E+00+3.21E+007 2.49E+00+8.45E-01% 7.21E-01£1.55E+00(4)= 7.20E-01+1.25E+00
5 9.81E~15+3.25E-15(50)1 2.66E—15+0.00E+00(50)t 1.86E-02+1.32E-01(49);  3.41E-14+3.93E-15(50)
fa 0.00E+00+0.00E+00(50)~  0.00E+00+£0.00E+00(50)~  4.29E-03%5.00E-03(27)f  0.00E+00%0.00E+00(50)
fs 1.71E+01+3.76E+00% 0.00E+00+0.00E+00(50)~ 3.08E+01+1.07E+01% 0.00E+00+0.00E+00(50)
Jo 7.53E+0243.12E+02} 2.13E+03+2.87E+02} 4.22E+03+7.48E+02] 0.00E+00+0.00E+00(50)
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Table 6 Comparison results of the DDICS algorithm and other evolution algorithms (D=30)
% 6 DDICS §{ikty HoAb i AL SVA ¥ B &5 R (D=30)

SR CLPSO DEahcSPX jDE CoDE DDICS
N 2.14E-40+1.54E-40%  1.75E-314+4.99E-31%  0.00E+00+0.00E+001  3.04E-67+4.41E-67f 3.15E-79+7.62E-79
f 4.61E+00+6.32E+00%  4.52E+00+1.55E+01~  8.77E-01£1.67E+00~  3.19E-01£1.09E+00~  7.20E-01£1.25E+00
f 7.60E-15£1.44E-151  2.66E-15+£0.00E+00f  6.68E—15+2.84E—15%  3.55E-15+0.00E+00f  3.41E-14+3.93E-15
fa 0.00E+00+0.00E+00~  2.07E—03+5.89E-03}  2.80E—03+8.85E—03}  1.48E—04+1.05E-03}  0.00E+00+0.00E+00
fs 0.00E+00+0.00E+00~  2.14E+01+1.23E+01%  2.19E-01+4.62E-01}  0.00E+00+0.00E+00~  0.00E+00+0.00E+00
fe 4.74E+00+2.34E+01F  4.70E+02+2.96E+02%  7.82E+01+8.83E+01}  2.37E+00+1.67E+01}  0.00E+00+0.00E+00
1 1.57E-32+5.53E-48~  2.07E-02+8.46E-02}  2.07E-03+1.47E-02} 2.07E-03+1.47E-02} 1.57E-32+5.53E-48
/s 1.35E-32+1.11E-47~ 1.71E-31+£5.35E-31%  5.68E—02+2.82E-01f 1.35E-32+1.11E-47= 1.35E-32+1.11E-47
fo 0.00E+00+0.00E+00~  0.00E+00+0.00E+00~  8.05E-29+2.14E-28%  0.00E+00+0.00E+00~  0.00E+00+0.00E+00
Jio 8.95E+00+1.64E+01~  3.84E+00+3.75E+00~  7.97E-01+1.61E+001  7.97E-02+5.64E-011  4.18E+00+6.67E+00
Ju 4.51E-01+8.47E-02%  7.39E-03+6.32E-031  1.75E-02+1.22E-02~  1.08E-02+1.00E-02% 1.97E-02+5.60E-03
Ji2 2.09E+01£5.72E-02%  2.09E+01+£1.12E-01%  2.09E+01+5.89E-02%  2.02E+01+1.34E-01Ff  2.07E+01+5.95E-02
Sis 0.00E+00+0.00E+00~  2.04E+01+8.19E+00%  3.38E—01+8.67E-01}  3.98E—-02+2.81E-01}  0.00E+00+0.00E+00
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~ 7 3 2 4 -
+ 1 2 3 4 -
4 HRiIE
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