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Abstract: In order to improve the searching performance(global optimal, computational cost, learning ability etc.) of
wolf pack algorithm in solving complex functions, a novel algorithm — Smart wolf pack algorithm(SWPA) is proposed.
First of all, intelligent hunting is proposed to improve the adaptive learning ability and reduce the computational cost.
Then the bimodal Gaussian regeneration method is applied to enhance the global searching ability. The, Markov process
is used to prove the convergence of SWPA. Finally, compared with some typical evolutionary algorithms, simulation on

several Benchmark functions is analyzed. Results show that the SWPA has excellent searching performance on the global

optimization ability, the convergence rate and the optimal precision.
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SR/% 0 0 0 0 0 0 100 100
AEN 2000 2000 2000 2000 2000 2000 235.98 233.82
BEST 1.19e+05  1.30e+05  3.45e+03  2.16e+03  8.23e+02  4.26e+402 1.46e-94 2.40e-94
MEAN 1.79e+05  2.28e+05  9.39e4+03  2.96e+03  1.16e+03  6.88e402 8.26e-90 7.60e-90
fe WORST  2.29e+05  3.47e+05  1.68e+04  3.79e+03  1.64e+03  1.09e+03 1.83¢-88 1.40e-88
(Quadric) STD 291e4+04  5.52e4+04 3.78¢+03  3.65e+02  1.93e+02  1.46e+02 3.21e-89 2.21e-89

SR/% 0 0 0 0 0 0 100 100
AEN 2000 2000 2000 2000 2000 2000 226.60 226.52
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SR AN TRIR ABC AFSA BA Cs FA PSO SWPA WPA
BEST 3.49e-05  7.84e+03  147e+02  548-01  4.26e-03  7.88e-01 0 0
MEAN 1.24e-02  9.38¢4+03  2.30e+02  7.82e-01  6.49¢-03 1.20 3.18e-16  4.15¢-02
fr WORST  1.0le-01  1.00e+04 4.09e4+02  9.24e-01  8.91e-03 2.20 9.99-160  1.05e+0
(Griewank) STD 2.04e-02  4.44e+02  5.88e+01  9.19e-02  1.02e-03  2.04e-01  2.29e-16  2.06e-01
SR/% 0 0 0 0 0 0 100 96
AEN 2000 2000 2000 2000 2000 2000 237.88 310.8
BEST 1.92e+01  2.13e4+01  1.16e+01  5.11e+00  2.13e-02  5.03e+00  2.93e-14  2.93e-14
MEAN  198e+01  2.14e4+01  1.28e+01  9.00e+00 2.92e-02  6.07e+00  3.58e-14  6.32¢-01
fs WORST  1.99e+01  2.15e+01  1.45e4+01  1.57e+01  424e-02  6.98e+00  4.00e-14  3.56e+00
(Ackley-1) STD 1.12¢-01  3.41e-02 58201  2.77e+00 4.58e-03  3.81le-01  4.4le-15  1.21e4+00
SR/% 0 0 0 0 0 0 100 78
AEN 2000 2000 2000 2000 2000 2000 329.04 699.38
BEST 1.99e+01  2.14e4+01  1.15e+01  6.55¢+00 7.33e-02  6.02e+00  293e-14  2.93e-14
MEAN  2.00e+01  2.15e4+01  1.30e+01  1.1le+01 8.71e-02  6.82e+00  3.52e-14  9.33e-01
fo WORST ~ 2.00e+01  2.15e+01  1.52e4+01  1.66e+01  1.02e-01  7.46e4+00  3.99-14  2.92e¢+00
(Ackley-2) STD 592e-03  1.67¢-02  6.87e-01  3.0le+00  6.56e-03  3.27e-01  4.09e-15  1.19e+00
SR/% 0 0 0 0 0 0 100 60
AEN 2000 2000 2000 2000 2000 2000 334.28 991.04

1) # b {2 BEST. £ % {6 WORST. ¥ ¥ {&
MEAN. #5 i % STD. Jj R kb 1 5 45 i -1t 45
FI 5t B bs R B B ARk B H bs s B E
H b R HOb v 22

2) ST Sucess Rate (SR). e B F 153
R FE B A o EUE 5 4 R Bt B A R HUE 2 22 1 44
SHEANFME e, —Meth, FMREe < 1071 AT
I, SRR IS S Y B E B N R Eh K SR.

3) ¥ ¥ T3t B Yy it 4k % average evoluntionary
number (AEN). it i3 44 1% A 72 o 0k 21 T 00 Bk
Ih BT i FEE kAR AR By TR BRI A AR B,
IEAR A B RIEAR IR Bt AR e h AR T, BT e )
B IEAREU N e RIEAR KB kemax = 2000, 7K TR
T A0 B A AR BT 35 48 B A~ 35 33 A 3
AEN.

FH % 3 R[] 2 T, AR R B SV 7E X L R 4
BT FARET, AFAE LT 2 R

1) % TARYE FLlg | W] 43 K4 Sphere (f1), 8 Bl &Y
RERHL VR RUF S8R 71, PSO A el 1) =
PERCR, IRFFE L (WPA) FIAR B BE 5% (SWPA) 4
A bl F AR B 4 1 TR R,

2) X TARYE  BUE . ANTT 73 bR £ Matyas (f2), 8
BRI ER I R AT SRR ), (R IR A
(WPA) FIUIR 2 B8 57% (SWPA) #1147 1) L 2%
B, e AT i A 18 BEST. #ix % {5 WORST. V- ¥ {4
MEAN. #5 # 22 STD %5 Lt HoAth 6 F S VL2 T T — A

3) Xt FALYE. 204 AT 5y B4 Booth (f3), 8 Fi Y

REdb b BE A RIFIFILRE ), (RS SR A
1% (CS) FURLF#E 5% (PSO) A 47 i SRR, 5
A8 BEST. #it 21 WORST. “F-}3J 1t MEAN., b %
STD %534 F- 4R B f A, TRBFEY RE % (SWPA) A
g NN ROk

4) X TRYE . 20 ANT] 7 R Bggerate (f4), B
000 e FE R 16 K, N I £ B 51 (AFSA) Al i
BHE (BA) FEHEAT -1 40 B BE F-418 B T %8 SucessRate
(SR) FF A B AH, W B 50705 (ABO). i 1% % 48 & B
(CS)~ K U (FA) R T BEH L (PSO). IRBEH L
(WPA) FIIRFE 2 BE S (SWPA) ¥ B BT 10 RE
3. Hodre kP EES (PSO) AR B RE 501 (SWPA)
() %t {8 BEST. #% % f WORST. “F-¥J {8 MEAN. #3
#E 72 STD 45 bb Hofth JL M B3 T T — M E
RABEE A R U1 A A0 {6 BEST, H & 2 A
WORST. “F-¥J{ MEAN. #5#fE % STD %22, G0 %Th
& SucessRate (SR) 2N 98%, 2 W A FARTHE P EA
SRR LSS X Wiz

X T o bR AR, WL (ABC) N T 5k
(AFSA). Wi 5% (BA) i A+ S R BH % (CS). ki
TS (PSO) Al -k HUEL Y (FA) S AN REIRTS R AP 1)
SEE R, B (WPA) AR BE S AL 51 (SWPA)
TE AT 08 23 B B 4 A5 A ) A5 4 %A i 2 1
PRl S DA LRI R B0 SR 23 A AR B AR
(WPA) FURBEFI e 5% (SWPA) IS A

5) XF T4 B A] 53 B 2L Sumsquares (f5)
4k 20§ ] 4 B 8 Quadric (f), TREERL VL (WPA)
FREE R B 592 (SWPA) B 4% LT AH A H 3 AR 1 S
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BOR. BB f5 A fo AL T R 2L 3 BRI R i AR T
P1R0] 43 R A, DR T AR R AR B (SWPA) X AN T 43
PRV SR A T BORBESVL (WPA) B — 2 N4 Tt

6) X T4k 2, AT 73 B4 Griewank (f7)
Ackley-1 (fs), JRBES L (WPA) 5 BN J= 38 W A1 T IR
T R 5L (SWPA) 3 e 19 31 4 R A i 0 itk —
A5 1 R DA bR B ST A R P I 4 B0 1 2 0 AT
73 B Ackley-2 (fo), IRHESL % (WPA) [ Tt B oh
SucessRate (SR) A~ Wi PRI, 2 B B N J&3 38 B AE 1 7T
REPEAN T ISR, T AR B Y e 5% (SWPA) ¥ R4S 31 4
JRIARAB T AN BN o E A A

ZE Bnr g, IREEE BE B (SWPA) X AN [ 28 A 1)
R A N (1R = N s N R N SR A @S S
U (SR B8 70, bU R IR RVA I A S A 0 SR BE ),
TR MR 4 206 . AN AT 23 SR AT DRI e A
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4 4 #

Rt 2w e R A N — 2R E

KA. A T ISR E AR s S FE 1 -
AR, A SOR AR GUIRBE 55 R 57 84T BT
R LB 3 s 1) B ) AT R Re Rl A, AR T R
B AAT 9, AEHR 3 B0 RE 70 1) 5] I 3 s 1 2 25
SE 7 SR IR THRLRE Bl R] B 00 w5 397 o 005 ) N AR B
1709, N T4 37 2 8] N AR BF 1) 2 RE 8, F 8 T XL
TR AR AT O, R T BRI AR TR
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