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Dingo Optimization Algorithmfor Solving Constrained Optimization Problems

LIN Jia-xin', LIANG Xi-ming' ", LONG Wen’
(1. School of Science, Beijing University of Civil Engineering and Architecture, Beijing 102616, China;

2. School of Mathematics and Statistics, Guizhou University of Finance and Economics, Guiyang 550025, China)

[ Abstract] In order to solve constrained optimization problems, a dingo optimization algorithm with & constrained method and
crisscross strategy (£CDOA) was proposed. The algorithm first introduces the crisscross strategy in dingo optimization algorithm after
all individuals select one hunting strategy and update their positions, so as to improve the global and local search capabilities of the
obtained algorithm, which also help the algorithm jump out of the local optimum. Then, according to & constrained method, the
equality constraints were transformed into the inequality constraints, and the & level comparison method was used instead of fitness value
comparison to evaluate the qualities of the dingoes. Finally, based on the individuals’ constraint violations, the population is divided
into two subgroups according to adaptive & values. The individuals® survival rates were calculated using the survival strategy of each
subgroup, and the individuals with low survival rates were updated. The results of numerical experiments on 19 standard constrained
optimization problems in CEC 2006 show that algorithm ¢CDOA has better optimization performance than four comparative algorithms
such as dingo optimization algorithm with & constrained method. For three classical engineering design problems, the design schemes
given by algorithm £CDOA are obviously better than those given by other algorithms.

[ Keywords] DOA ( dingo optimization algorithm) ; crisscross strategy; constrained optimization problem; & constrained method;

engineering design
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Table 2 The objective function values obtained by algorithm éDOA and eCDOA
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Table 3 The objective function values obtained by algorithm eCDOA and comparative algorithms

A HSEAE S8 PSO CGWO E-BRM £ CDOA
| s A -14.715 1 -14.990 5 —14.998 85 -15
&0 ) i 7.40 x 10! 6.30 x10 -3 6.00 x10* 0
A —-0.740 6 -0.804 1 -0.8015 -0.760 4
202 ~0.8036 . , _3 .
FrifE 4.20x10 5.70 x 10 3.83 x10 0.023 4
3 10005 EHIE -1.003 4 -0.987 8 -0.976 3 -0.897 3
&0 ) bR 1.70 x10 2 2.09 x107! 4.40 x10 2 0.261 9
204 30 665. 538 7 FHIME -30 665. 539 —31492.2 -30 953.533 -30 665.538 7
) ' i 0 1.37 x10? 6.27 .11 x10~"
s 5 126, 496 7 THE 5202.362 7 5432.4 5304. 65 5126.625 5
&0 ) FRifE2E 1.10 x 10? 2.12 x10? 1. 88 x 10? 0.259 8
p 6961813 9 A -6 961. 814 —6591.482 -6991.75 -6961.813 9
g6 - ‘ FruE 0 5. 64 x 10! 5.10 x 10 2 2.37 x10 78
. 24,306 2 A 24. 989 42.121 26.463 1 24.659
&0 ) b2 0.551 8.26 1. 09 0.2325
< 0.095 8 A -0.095 8 —321.042 -0.095 8 -0.095 8
&0 e Frife 0 6.25 0 1.61x10°"7
0 680, 630 1 S 680. 653 679. 58 681.054 1 680. 634 3
&0 ) brifEZE 1.80 x 10 2 1.76 x 10" 0.232 0.005 7
0 7 049. 248 0 A 7 173.266 1 7 043. 39 10412. 32 7 536.556 6
£ ' bR 8. 40 x 102 3.61 x 10! 311 x 102 436.906 5
. 0.749 9 A 0. 749 0.719 0.880 5 0.749 9
£ ' R 3.90 x 107 1.28 x 102 7.95 x 10 2 113 x10°1
. : FEH -1 -21.154 -1 -1
& - PR 0 5.65 0 0
A 0.552 753 0.379 1 0.8919 0.066 8
213 0.053 9 _] . B
FRifE2E 4.20 x 10 6.80 x 10 3.50 x 10 0.070 3

T IR 2R BT SR T R IR 2 5

g1l fl g12 BB A (H ., 7% eCDOA 7 3K it
201 .g05 .g07 .g09 g11 g13 iX 6 A4~ [n] 8 _I fr 15 H 45
PRI B (EL A SF- 408 A b o 22 ¥ £ T 8% PSO B ik
CGWO FI5.7% E-BRM B F-YE FbRifE 2, Ui Bk
eCDOA A 41 FHLHE Ty AR e . X F 1)
i g04 06 Fil g08 , ik eCDOA 1531y H by £
SERE S TR B EIS B A H AR R BUE, B T e E T
HoAh 3 Ffox) SR TR 45 H -S4 E, B A7 eCDOA 7
XL A F ORI T 3 AT LL s s 3 A
Xof FE A Y, oAk PSO L AE Hk 2 1) A B
AE, (A3 eCDOA FIbREZE N K T 5 1k PSO
(BRI 22 , Ul B 7 SR il 1 26 7] 8 i 5575 eCDOA 1)
BUEFaE PN T3 PSO, X F I g12, B
£CDOA I PSO 51k E-BRM A3 A [] 14 2K figk 2%
J A5 B Aw oR B 35 0 A0 N A9 B S S A E, BB
HEZEH 0, XFRIE g02 1 g10, 59k eCDOA KA
() E b R AR SR T I b — o XoF L B3 T 45
ZT RS LB, X TR g03, eCDOA Bk
LRI 22T 3 FhXT LRk

ZE ERTR X 13 A FRAELE A IR G 22 5L
()R, A LG T 3 B ARV, 39k eCDOA B T3
BT

5 ZHTRIGITD&A
5.1 EhBEFEITiEE

F 75 v 2 v R (B 58 A RS B Y 2 BR AR
BECAUR, WNE 2 FER, % BETT A E A e Al
A MET™ R 4 A8 SRR
JRRE T, BERJEEE T, AR R AU B B B A
IR RE Lo F I8 BT R A BC# 1T
x = [x,%,%5x,] = [T.T,RL]
minf(x) = 0.622 4x,x,x, + 1. 778 1x,22 +

3.166 1xjx, + 19. 84xx,

s.t. g (x) =—x, +0.019 3x, <0

- (21)
g, (x) =—x, +0.009 54x, <0
g3(;) =- ﬂx§x4 - %ﬂ'xi +

1296 000 < 0
g, (x) =x, —240 <0
HL2HF: 0 < x,,x, <99;10 < x,,x, <200,
R HA AR AR Ak Il 8, w] B 4%
i HH Y eCDOA HEATK AR, ik eCDOA 110 Ff
X b B SR (R AB(21) (&5 S an ed T, F£ed
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Table 4 Numerical results of pressure vessel design problem

A7 S T, Ty, R L f

& CDOA 0.778 199 0. 384 664 40. 321 209 199. 977 862 5 885.385 5

DOA 0. 812 500 0. 437 500 42.098 45 176. 636 6 6 059.714 3
ACO 0. 812 500 0. 437 500 42.103 624 176. 572 656 6 059. 088 8 ( ANAI1T)

DE 0. 812 500 0. 437 500 42.098 411 176. 637 690 6 059.734 0

WOA 0. 812 500 0. 437 500 42.098 269 9 176. 638 998 6 059.741 0

ES 0. 812 500 0. 437 500 42. 098 087 176. 640 518 6 059.745 6

GA 0. 812 500 0. 437 500 42,097 398 176. 654 050 6 059. 946 3

PSO 0. 812 500 0. 437 500 42.091 266 176. 746 500 6 061.077 7

GA 0. 812 500 0. 434 500 40. 323 900 200. 000 000 6 288.744 5

Improved HS 1. 125 000 0. 625 000 58.290 150 43,692 680 0 7197.730

Lagrangian multiplier 1. 125 000 0. 625 000 58.291 000 43. 690 000 0 7198.042 8

|<—L—>

@@

K2 JRJpAasse

Fig. 2 Pressure vessel design problem

X AR B Yok FSCER 18], MR 4 WTLLAE
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JRGEIERE b RRKIE L PREE  MEKEE
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Fig. 3 Welded beam design problem
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x = Lax,x30, ] = [hith]
minf(;) = 1. 104 71xjx, +0.048 11x,x,(14.0 + x,)
st g (2) =7(x) -7, <0

g (%) =o(x) -0, <O

—

g (%) =8(x) -8, <O

g4(;> =% —x, <0

gs(x) =P -P(x) <0

go(x) =0.125 —x, <0

g,(x) = 1.104 71x’x, +0.048 11x,x, X
(14.0 +x,) -5.0 <0
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() Exix,
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Table S Numerical results of welded beam design problem

"k h l ! b f
& CDOA 0. 205 730 3.234 919 9.036 624 0. 205 730 1. 692 768
& DOA 0. 196 571 3.434 454 9.037 416 0. 205 726 1.706 074
WOA 0. 205 396 3.484 293 9. 037 426 0.206 276 1. 730 499
GSA 0. 182 129 3. 856 979 10 0.202 376 1. 879 952
CBO 0.205 722 3.470 41 9.037 276 0. 205 735 1. 724 663
RO 0.203 687 3.528 467 9.004 233 0.207 241 1. 735 344
Improved HS 0.205 73 3.470 49 9. 036 62 0.205 7 1.724 8
GA 0.248 9 6.173 8.178 9 0.2533 2.433 1
HS 0.244 2 6.223 1 8.2915 0.244 3 2.380 7

PR A AR SFE XA A A FA A R, 5
1% eCDOA F1 8 Fioxt LS X ] (23 ) H SR fife 45 2
W 5 o x FUSA R REIE 4k A SCRR 24 ]

S AT, 50k sCDOA SRAFIRHE BT
[N BT 45 H b o6 BOELOL T 53005 eDOA MIBR 3k
WOA 5 Jir A7 4 Fo B30k B0 AR O 285 2R 3 150 W 430 1
eCDOARE MR i IRl BB (I B A A B0 7 5
5.3 IRRSFIZITEE

P A B DL (BT 4) S — i TR B
PEIRIRR, # Je 7 AN BEit AR i i 0 G2 LB b, A RAR
m ., INEEERIVEL 2, Bk Z IR 1 A 1 | R
Z a2 BB L, b1 B d, Rl 2 B d, IR
R4 F A 2 (D e ) T B e/, R
Rk i Hh S ) RN Sy 1 A 2 AR 5
A A 1 58 8 LA R il 1 RV 2 0 1% g B AR
VB JE AR TR R K AR Ty
%= [2,20,%32,05%5%, | = [bmazl,l,d,d, ]
minf(x) = 0.785 4x,x2(3.333 3x% + 14.933 4x, -

43.093 4) - 1.508x, (x; +x3) +
7.477(x) +x5) +0.785 4(x,x; + x523)

sotog (x) = 27x %%y <1

g,(x) =397.5x " x;,°x;" < 1

g,(x) = 1.93x; %7 xln* < 1
=1

gi(2) = 1.93x; %7 xlu?

2 0.5
[(745%4) +16.9 % 10°]
(£) = — 25 <1100
& 0. 12
2 0.5
[(@) +157.5 ><106]
(£) = 25 < 850
&o 0. 12
g, (x) = x,x0, <40
gs(;) = il =5
Xy
g(x) = L<12
Xy
go(x) = (1.5x +1.9)x;' <1
gu(x) = (L1x, +1.9)x;' <1
(24)

H(24)H:2.6 <x <3.6;0.7 <x, <0.8;17 <
xy, =2837.3 S, <8.3;7.3 = w5 =8.3;2. 9% =
3.9;5.0 <=x, <5.5,

I B R «" = (3.5 0.7 17.0
7.3 7.3 3.35 5.29], H:HAReREUE S 2 985.22,

L eCDOA SKIFRILI R fRE5 58 5 6 Ff
XF IR B R R4S Rk 6 iR, # 6 Rt LA
R E Yk B SCEk[25] .

M6 TLIEH, 5 6 Fxt B LA, Bk
eCDOA SR AR ISR 25 5L T[] B T 45 H b ok BUE -
PR R B A H A bR BUE HL bR ofE 22 5/, B
fEREEME AL, B DL s eCDOA REME 45 1L 55 {0 1
B A I A N,

S

B4 Dol g i)t
Fig. 4  Speed reducer design problem

F6 FESBIZITRIMAKFLER
Table 6 Numerical results of speed reducer design problem
(EX7S A SFRIE R2EE b2z
£ CDOA 2994.341 316 2 994.341 316 2 994.341 316 9.25 x10 "3
& DOA 2 994.449 254 3 000. 635 591 3 010. 655 669 5.26
PSO-DE 2 996.348 167 2 996.348 174 2 996.348 204 6.40 x10 ~°
DEDS 2 994.471 066 2 994.471 066 2 994.471 066 3.60 x 10 "2
DELC 2 994.471 066 2 994.471 066 2 994.471 066 1.90 x 10 "2
ABC  2997.058 412 2 997. 058 412 NA 0
UABC 2 994.471 066 2 994.471 072 NA 5.98 x10 ¢

T NA Dyl 2 e il

6 it

(1) 09 TRMLATAALIL, F i T—Fhai & e
LYTRAE BRTE AN AZ WS (9 e DG A0 53 12 LA i
e TR R, S 1 B 00 I AL 30k B A A A
TP SR SR 10 5 5 | AR 58 SR, ol o
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A RALAN R A7 15 SR TH A7 R IR R A T
FERAFIE R BRI, 7E 19 AR IELR LR
L AT RUE S 56 5 AR SRk A B 2 R AT
o, 45 R R L eCDOA 78 3K fift 20 SRR Ak 1) 8
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