8 32% 55 10 = % 5 & K Vol.32 No.10
20174 10H Control and Decision Oct. 2017

XEHS: 1001-0920(2017)10-1749-09

MEIR R AT & BE DB B ZRIR LR

LA SRR TS S
(L. MM &R Z SINE L5 RS R E A=, SR 550025; 2. im A SCRH 2R

AEVR SN TAE2ERE, IR 280K 4170005 3. St K #5800 4B, $2BH 550025)
O R R NIRRT K RE B ORI AL S, R A S TR AL KORME A B, e R R L
REME 2S5 IR AP SRR & BIRRADH T R BE 7, 45— Fh 3L T 1EY) = M R BU R B AR 2 5h A1 1 )
BRI WSS BE, A2 R T BEDR AL S AT AZ S RE I S R, BT — i B0 67 B 5 5 A 20 1045
T bR BRI 25 SR 1, O IR AR AIGWO) 57322 RE 5 AT 5t b 1A JHL XoF i) R4 2% 2 1) IR R AT K e
KR KRR WREE S JPRAE S JEERMERISEL F ek
FhE 525 TP301.6 XHERFRRRRD: A

DOI: 10.13195/j.kzyjc.2016.1545

Improved grey wolf optimization algorithm coordinating the ability of
exploration and exploitation

LONG Wen'3, WU Tie-bin?'

(1. Guizhou Key Laboratory of Economics System Simulation, Guizhou University of Finance and Economics,
Guiyang 550025, China; 2. School of Energy and Electrical Engineering, Hunan University of Humanities Science
and Technology, Loudi 417000, China; 3. School of Mathematics and Statistics, Guizhou University of Finance and
Economics, Guiyang 550025, China)

Abstract: An improved grey wolf optimizationIGWO) algorithm is proposed to solve global continuous optimization
problems. The good point set method is used to initiate the grey wolves individuals’ position, which strengthens the
diversity of initial individuals in the global searching process. A nonlinear strategy based on the tangent trigonometric
function for updating the control parameter is given to balance the exploration and exploitation abilities of the proposed
algorithm. Inspired by the particle swarm optimization(PSO) algorithm, a new position update equation of individuals by
incorporating the information of individual historical best solution into the position update equation is designed to speed
up convergence. The experimental results and comparisons with the classical GWO algorithm and other improved GWO
algorithms using a set of well-known benchmark test functions show that the proposed IGWO algorithm can balance the
exploration and exploitation to the problem’s solution space effectively during evolution.
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s FERSEE 2.65e+001 2.69e+001 2.89e+001 100 1130013 0 o o
° bRtz 7.03e-001 8.52e-001 1.36e-002 o
fs 500 1.01e-010 1.18e-010 0 0
i PRIRGRE 0.37823 0.786295 4 0 1000  3.95e-007 2.52e-007 0 0
6 L— v
= 0-22626 0-2449287 0 100 7.55e-014 0 1.95¢-015 1.72¢-015
AL 1.49e-003 2.61e-004 4.10e-005 fo 500 7.62e-009 2.50e-010 3.37e-015 1.82e-015
fr ik 2 7.54e-004 1.76e-004 3.30e-005 1000 5.45e-007 7.08e-008 3.73e-015  1.90e-015
TG 0.22748 0 0 100 0 0 0 0
Is Rl 0.92019 0 0 fio 500 5.53e-015 1.92e-015 0 0
1000 2.59¢-011 1.16e-011 0 0
s SRR 4.27e-014 7.82e-015 8.88¢-016
o a2 437¢-015  7.94e-016 0
TEREE 1376003 0 0 HH 2 ST A1, 5 HGWO HyA M LE, IGWO 5L AE 7

To hE ssmeon 0 0 N EREL(f1, fa, fas for foo for Fr0) A FRILER BRI RESRAT
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£ L EF: AR R AT KR S 0Bt R IR E K 1755

B I FOUYERE X T BR 2L fs A f7, HGWO SRS
TR R

) F Wilcoxon Fk Al A 56 73 B IGWO 5325 55 % L
SVEVERE 2 IR E M 7Rk 2 5% I 8 KT
F, DE-GWO. mGWO A1 HGWO Fi 3] Pyatue 73 9914
0.0128. 0.0407 #10.0172(D = 1000 4¥), ¥t B IGWO
Sk S L RER I M RE 22 R B
34 3HBUHRERIVBIE S

T AT 3 e I S R AR i K S, e B
F 110NN R (D = 30 48) 347 B 5
5. ¥ IGWO 51K A AUAEWI IR LY GWO 532: (i
N GPGWO)- R F 28 P 42 il S 55K s 1 GWO 5.

R 6 AMBECERIMIRAERILE (D = 304)

% (LA NGWO). IR B Bhr B 5 3 77 I GWO
HE (IE N MGWO) #E4T EL . JUR SR S BN B
5 32/NTHH AL R 64 H T 4R BE TINS5 R T
i, e rh AR T A B I A A R

HH % 6 1 b3 25 2R mT 1, SR F A VBRI a4k
FIAS SR FH AF 28 P 428 1] 2 H0 58 w5 it GWO 532
PE R 10 35 Bh A R, IGWO H kM RE G B 3 1
e A& By B T B FE. BAR MGWO 5 5 IGWO 5
ARG TR AL 00 1 R, E G Wi S R A R 8
18 | F Wilcoxon #k FIK 55 43 1 IGWO 5.3 5 % Eb
SOVEE R 22 R 10 B, AR 0 E 5% 1R 3 K F
N, GPGWO. NGWO F1MGWO FT 3] Parwe 73 51
0.0407.0.250 5 F10.965 9, it B IGWO #.%: 5 GPGWO
SR B 22 S 1 N 1), T 5 NGWO FITMGWO 5

R 4iiH4E GPGWO  NGWO  MGWO IGWO VEVERS 25 B N 2
oo LB Sae0n Tee0s 00 35 IEEMERE RSO
FRfEZE 6.67e-031  5.00e-058 0 0
N B i B Y 7]
T 7820018 6410036 0 . HH GWO SHLVEA LB AT 1, 5206 H 4 R B8 2 A Ry B
P2 % 453018 1.560-035 0 0 TF R 66 71 1 B 2 3 1 2 8 o I A2 4K, 75 IGWO 5
FHEE  2.65¢-008 4.05¢-015 0 0 b, 3R (8) AT LLE Y, 15 41 2 5 a AR Ak AR # T
f3 . ,
WHEE 379008 627015 0 0 P H, — H R S5 o PIVIGE R 218, 7
i fi’a{‘ﬁ 6.65¢-009 1.52e-015 3.29¢-305 2.03e-307 — I AR L MR R B e, 2 UE, IGWO 32 11
FREZE 6.92e-009  1.38e-015 0 0 B N " . .
o 2 R R AN =) Tk fig 7K T X PR 2H 2 0. AUt
S 2.77e+001 2.77e+001 2.89e+001 2.89e+001
S [ S T = Sk 5 s
T3 M2 10164000 10404000 1.06e-001 1.366-002 /IR 3o 5 S 56 53 AT X A 2O IGWO S
e e . . . ekl B0 3o 7 22 BS99
f -V 3 N 2 /, ) —
© i 0 0 0 0 SR AR ERE R RZ . RS AL AN [R] B4R R 4 B
P SEHE 1.44e-003  1.19¢-003  7.53e-005  4.10e-005 IGWO it e sm, HAth S8 B AR, RT4H
7 — N
PRfEZE 7.05e-004 6.45e-004 8.75¢-005  3.30e-005 % S <7 =
* ¢ © ¢ © T él IGWO ﬁYiﬂt)ﬂ Z: IEJ E/‘] Qfinal *D Qinitial ’TE Hj‘ E(J éid:l:
FHIME 1.63e+000 0 0 0 5 B — S et ARy )
Fs e 3600000 0 0 o R, H *;\\\*ﬁﬁgﬁﬂ?ttixﬁ/quE’]‘Ejiﬁ}/u%. ik
Hle =1,e =5, =25, =50, = 100X 5 ZHA A )
FHE  6.69e-014 8.79e-015 8.88¢-016  8.88¢-016 N ’ o
For g 479015 1576015 0 0 fE R BT IGWO HERE 2, AR S B AR, K
fo T 3020003 0 0 0 84 H T ANEI ) e 4B X IGWO B3 g [ 82 0 485 S Lk
10 N, o K — I
FRER  6.75¢-003 0 0 0 B, AR SR R LU R A B B T 4
#=7 AE dinitial P asina EXTIGWO B A M REMIEMNLE R ELE (D = 304)
Ginitial = 1, Gfinal =0 Ginitial = 2, @final =0 Qinitial = 2, @final =1 Ginitial = 3, @final =0 Ginitial = 3, Afinal = 1
YIRS RE b YIRS RE b2 YRS RE bz FHRE E R FHRE RE FRiEZE
fi 0 0 0 0 0 0 0 0 0 0
fa 0 0 1.37e-280 0 8.86e-259 0 1.17e-237 0 3.41e-215 0
fs 0 0 0 0 0 0 0 0 0 0
f1 2.03e-307 0 8.32¢-269 0 1.01e-247 0 3.76e-225 0 2.19¢-203 0
f5  2.89e+001  1.36e-002  2.89¢+001  9.29¢-002  2.89e+001  9.48¢-002  2.89e+001  9.96e-002  2.89¢+001  8.89¢-002
fo 0 0 0 0 0 0 0 0 0 0
fr 410e-005  3.30e-005  7.29e-005  7.35e-005  6.14e-005  4.26e-005  6.24e-005  6.08¢-005  9.19e-005  1.27e-004
fs 0 0 0 0 0 0 0 0 0 0
fo  8.88e-016 0 8.88e-016 0 8.88e-016 0 8.88e-016 0 8.88¢-016 0
f1o 0 0 0 0 0 0 0 0 0 0




1756 ¥ % 5 & K %32%
%= 8 AREMEXNIGWOEZL MMM RLE (D = 304)
e=1 e=>5 e =25 e =50 e =100
SERPRERE RRMEZE CPIORREE hREXE CPHORSEE BRMEZE CPIERSEE bR TR Az
f1 0 0 0 0 0 0 0 0 0 0
fa 6.19e-228 0 0 0 8.45e-307 0 2.03e-305 0 2.83e-304 0
f3 0 0 0 0 0 0 0 0 0 0
fa 7.87e-218 0 2.03e-307 0 1.27e-294 0 2.64e-292 0 3.66e-292 0
fs 2.86e+001 3.46e-001 2.89e+001 1.36e-002 2.90e+001 2.03e-02 2.90e+001 5.89e-002 2.90e+001 8.69¢e-002
fs 0 0 0 0 0 0 0 0 0 0
f7 7.48e-005 6.58e-005 4.10e-005 3.30e-005 7.85e-005 7.14e-005 1.27e-004 8.34e-005 7.18e-005 6.86e-005
fs 0 0 0 0 0 0 0 0 0 0
fo 8.88e-016 0 8.88¢-016 0 8.88¢-016 0 8.88¢-016 0 8.88¢-016 0
f10 0 0 0 0 0 0 0 0 0 0

MR T2 AT LR M2 8 ainitial T Qfinar 18
BUAS TR BRI, B 1 BRI fo A1 f4, IGWO BVEAE AR 8
AN B R R AT 0 25 SR ZE AN AR K, X 78 401
IGWO FEN Z 4 ainigial T aginar AN AR BURE. {HEAATT
F, B ainitial = 1, aina = 0N, IGWO BLIEH S AT
Mtk RE B UF. R, dingtia) = 1, @final = 0B S

13 8 AT HI1, 292 K e L HUAS [R] LIS, B 17 BR 2
Jon fa 0 f5, IGWO SEVEAE At 7 4> I pR £ 15 5]
145 AR /N, X 1 B IGWO B0 S8 e AN K

. Me = 5, IGWO Bk [ B 1A T U1 RE i £, I
the = s AN SHOLTE.
3.6 by Fby X IGWO B AR M REZZ MM 3 47

£ 4038 (9) Fir s B9 A A7 B 0T 20 3K, AR
A S by AARACAZ FH b X H LM ROK, T8 1
T by A by A, 45 55 B A AR IR R AT K
RE 73 A% /N1 3 3 20 AN [R] # by A1 by 5 20 Hr Xt
IGWO HUktERE sz, Sk h KA S B B 5322
THAR. L9 T IGWO FIR L EUAN R by A by fELIN
48 2R LA, SRR RO BB B P K A i 45

%9 TR b b, ERIGWO BN SEMBMLERELE (D = 304)

b1 = 0.1Fby = 0.9 b1 = 0.3Fby = 0.7

b1 = 0.5Hfby =0.5

by = 0.7f1by = 0.3 by = 0.9H1by = 0.1

i PRI PRtz S SARE FE PRtz PR R i PRINERE PRtz PRNE R PRtz
f1 0 0 0 0 0 0 0 0 0 0
fa 1.28e-192 0 6.42¢-232 0 1.20e-282 0 0 0 4.66e-272 0
f3 0 0 0 0 0 0 0 0 0 0
fa 1.58e-191 0 1.77e-229 0 6.96e-279 0 2.03e-307 0 2.20e-246 0
fs 2.89e+001 3.94e-002  2.90e+001 1.91e-002  2.90e+001 1.68e-002 2.89¢+001 1.36e-002 2.89¢+001  6.32e-002
fe 0 0 0 0 0 0 0 0 0 0
fz 5.12e-005 4.65e-005 5.20e-005 6.76e-005 7.36e-005 6.63e-005 4.10e-005 3.30e-005 8.81e-005 5.41e-005
fs 0 0 0 0 0 0 0 0 0 0
fo 8.88e-016 0 8.88e-016 0 8.88e-016 0 8.88e-016 0 2.66e-015 1.87e-015
f1o 0 1} 0 0 0 0 0 0 0 0

FH 2% 9 [ b A 45 SR ml 50, 224 by A by HUAS [R] (148
IF, B T BRI B fo R £y, IGWO B350 HoAth 8 AN BR %5 1
R &5 SR A 224 K, 1X 1t B IGWO B 2 4 b,
bo A NKBUR. NS HARIMIELS RKE, b =
0.7, by = 0.30F, IGWO 57515 21| 1 25 T A X 4
I, by = 0.7, by = 0.3 2 5 H S HEUHE.
4 & ®

ARSI T —Fh I T 36 S5 & AR AE
AR AL BB T o S S0EE GWO Bk BT iR SR
FH A% SR D7 R AR BT UE R R LR R W) LR AR 1 2
FEVE; 51N IE D) bR B0HE A 25 1] 2 50 A I il a2k AR IR L

AR 2 v Bh A& A AL, LLER R GWO A & R IR R
FJ= I K B8 J1; 52 PSO B3 A e, vk —Fi &
AMRACAZ T e 1) SOEA AL B T BT 20 @l X 10
AN bR E AT BUE SE B R B, 5 GWO. DE-GWO.
mGWO Fl HGWO 5 A1 bb, A SCHE H 1 IGWO i
FLA B0 1 5 4 7RI/ 38 . R BTN TR
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