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Research on improvement of real-coded genetic algorithm for solving
constrained optimization problems

WANG Ji-quanT, CHENG Zhi-wen, ZHANG Pan-li, DAI Wei-ting
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract: An improved real-coded genetic algorithm (IRCGA) is proposed to solve constrained optimization problems.
Firstly, a sorting group selection method is proposed, which has good population diversity and is easy to realize. Then, a
direction-based heuristic crossover operator (DBHX) is proposed, which can generate numerous crossover directions. and
it also enables a great possibility to generate a crossover direction Dto guide the chromosomes of participation crossover
to move towards the optimal solution direction. Even if the crossover direction is inconsistent with D, itis also very closed
to the direction D to the utmost so as to ensure that there is a great chance to produce better offspring chromosomes.
Finally, aiming at the shortcoming that a single mutation operator cannot both take into account the local search ability
and the global search ability, a combined mutation method is proposed, which makes the mutation operation not only take
into account the local search ability, but also the global search ability. The computing results of ten examples show that
the proposed IRCGA has a fast convergence speed, and also verify its effectiveness and feasibility.

Keywords: constrained optimization problems; real-coded genetic algorithm; penalty function method; heuristic
crossover operator; combinational mutation
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PRHEAH IR B AT (AR #AH R, B8 GA YRS 3 22 =)
B G A A IR 8] KRB VE 78 40T S 17—l
I B0 50 AR B8 2 7 1) A S5 AR S 051, i SR H A R

L A, RIS H br ok 20T 2, AR AESR AT H bR R
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min f(X), X =[Xy,Xs,-+ , Xk, -+, Xn] € R.
st. hy(X)=0,i=1,2,--- ,p;
g;(X)=0,j=12,---,q. (1)
Hod:n RARFEERE, hy(X) = 0RREFiNERY
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,Xn] € R.
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My ) [min(0,g;(X)*.  (3)
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o My A0 M, TS R 7, — OO 2 8 KR IR
H, 5 2 ORI 28 3 W2 6§11 T, P(X, M) =2 1E T ek 2.

HRG)BESHEH: MX € R, ST a7 A%
A WANAHAEMEIER A P(X,M) = f(X);3
X ¢ RIS, H1T My A1 My AR K, R4 5K (3) 56 2
TUMTES 3 T0T ()4 AR R, IXAH 24 T X JE R AT s ) “ Fk
§17, H X RGBS AT AT Sz, 26 SR ™ 7. AT LAAR AL, 24
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min P(X, M), @
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W RAR). 4 5 H 5 o8 By R MEL, AR 48 max P(X,
M) = —min[-P(X, M)], ¥ H ¥k £ P(X, M) A&
NRKAE. HEF AT RN X = (X0, Xo, -+ -,
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MRS R FINERHETAESER, ES
5 B B A R A BT 1 A SRS X 3, R
R BT (R 5 AR R AR AR 1 e
255, AR T 4wl . PRtk 20670 S A BE S 1
2 JRRERE S, MG T R A = e 7, AT GA BEe
PR SL R 4 5 B AR A

25 BERIAREE

GG 1T AR ST R H Sk S B L
W, DLBRVE & A 18 B 25 58 RS BE SR s R4k 2%
o, 5 R R et S B0 A% S i O ARRS U R BT R

Bl S scusfE Ek.

BN MR n, A2 AR P, 58 UM P, 1t
G T e, DR BRG JEAN s, TR 1 My A Mo, HTARIEAR
Rt = 0;

v ARy, BAAE f ().

D) FEEPIIEE X = (X1, Xo, -+, X)), X; =
(Ti1, Tig, s Tim), 0 = 1,2, | m.

2) THEMEE R ANMER BARREUE, f(X;),i = 1,
2, ,m.

3) KRR IAME X = (X1, Xo, -, X)) 1% B
breR A MR B NER HEF E A X = (X1, XY,
S XD,

4)t=0.

5) while

S T A AR I AR A ZR A, i 2, T
SRR B AR, 75 0, BAT N — 24

MR Fh o AN 7 45 2R, ia T 70 41
IR, LS 558 W AME, IR B s MRS SN

[ DBHX, Bl 3K (5) BEATAZ A4

MAE S A [ m ASANARFT 0 AN SARA A R AR
B s MG TEAR, 18 Y n AN AR AT 28 T4 A

FH s I RE BEAA S 8 57 )5 1) m AN AR i
W s N ME £+ 1.

6) end while.
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AP HR SEROBR AL A AR A R e o, AT
SRV, 45 A EER AR n, B R M2 P, L &
XMEZE P ORERE TR B R s 1R LR
e, = AEWIUEFIHE. SR )G, THE R AR H AR R
HAE, B2 7506 2 AL b S, A R R AR R
SR A, Tt 8 SR A U B A AN R R AR R R A

YDA R m (0 BT A 32 B b bR BUE AR B HEFP
(H A B ORI OAE), AR 5 H A b B0 B0 HE P 5 2R ot
ITRFE L A2 FF ISR n NSRRI AN AR
AR s MK, 2 JE R AR n AT
A B n Py, DAEREAT RS, I s D FETEAMA
B 5 Ja K n DN ME TR R ZE ) s A EE Lk
DR, BRI RIS A RS O k. AR SR R et
S AL HIA IR W 2 .

ERI

7 IR

|%Mﬁ¢AWﬁHM&ﬁ@m%m$F1

MALARHNAE LA A
PRt s MRESEAME

—| F s ARG DR AR 5 5 1) s A e e M
B2 EERE
4 FERRAS 2

N T BRAIEAR ST H ek S RO SR A Rk
PRI AT AT P, AR SCAIT £ HA A sk s B 4 S0k R
5 IAG 1 S B A SV AT B TR T e
L EE BRI LSOk, BT SR [22] 2R LR R R
(19, FLIC AR AT th 1 s st A% BE T TR E )
ELASERIF 7T, BT LA SCAIT R H f) e s st S ik 5
SCHR [22] HH T4 ) S 08 A SV AT B T3 4,
TN AR SC T3 H 1) it S B i A% B30 5 SR [49] AN
SCHR [S0]3EAT HUAEE, A SR AR SCFT 8 Hh S 0st A% BRI 11
PEREDE T SRR (221 SCHR [491 FTSCRIR [50] FF 1) S Hiist
505, VU8 B A ST T HE ) SO SR SR R
R ATAT .

SCHR [22] B R o Rt S st AR VR e
IRCGA-1, 2 3C BT £ H 1 e 3t o2 #0845 5790
IRCGA-2, SCHR [49] H B 183 4% 5510 8 RCQGA, SCHR
[50] HF ¥ S Bust A% 512 A IRCGA-3.

4.1 ERELEEH
5 SUSEHUBAL IR R R LR %A R
Ifi— fil<e,i=1,2,---,p. (10)
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Hordr froN s NI R EE e B4 R s ARE, S
R S I A SR AT I B 6 AN DK R B AL, €4
R i AWK R AR R B
42 R
N T eI e S AOE A% SR A R AT I
I 104N HAT AH 25 52 2% FE 1 R FH I eR 2
51N R 2
filz,y) =0.5—

sin? /22 + 42 — 0.5

(1+0.001(22 + y2))2’
—10 < z,y < 10. (11)
R fL A T R ECR B H R —A4N(0,0)
A R R K R, B R AR 1. I BB i) e K 0 SR R A
AN EE, ST EUE 2 518 0.990 284 F110.962 776,
R AR A I FE A AR 25 ) 7 i 1 3 6 Sy AR K .
52N PR AL
fQ(xvy) =
4

(4 — 2122 + %)xZ +xy + (=4 + 49*)y?,

—10 < z,y < 10. (12)

N —1.031628.
553 ek 2
f3($,y) =
— (2 4+ 2y* — 0.4cos(3mx) — 0.6 cos(4my)),
—10 < z,y < 10. (13)

PR f e — N2 IERELEHRAE - NEREK
15.(0,0), I KAE A L.

54 R EL:
min fy(z,y) = 100(y — 2*)* + (x — 1)?,
~10 < z,y < 10. (14)

BRI % f4 N Rosenbrock pR &, tHFR N7 B bR 4, /&
TR B /N 0 L D55 25 PR B 12 BRUE —10 < o,y <
105N BRRE — N2/ f B EEE Rk
JIN R PR B IX 3 P B AR A b W 2218, T LA P
Z R OR P R 3 R B R B £y AR B
f#23 (1,1), J/ME R .

555N R 2

min f5(z,y) =

s ()] s ()]
0<z,y<m (15)

PR f5 9 Michalewiczs BRI, % R BB A Z AR
i tpe/MA, Fo 4 R B/ ME Y —1.801 30. 4% )= e /IMEAE
— AL/ DX, T A O 4 XS e IME AN A
x.

556 /NI pR AL

sin®(27tz) sin(27y)
x+y)
st.gi(z,y) =2 —y+1<0;
ga(z,y) =1 -2+ (y —4)* <O;
0 < z,y < 10. (16)
BRI fo A LR AR M s L, A K25 i
e AR 52 91k 22 Ui R 0, I bR BUTR 5 2 (S0 SRV B N R 8
AR, AR A B4 R i L. BRE fo 4 R s i
(1.2279723,4.245 373 3), f/IME N —0.095 825.
7N R 2L
min fr(z) = (2] + 22 — 11)* + (2, + 25 — 7)%
s.t. (21 — 0.05)? 4 (29 — 2.5)% — 4.84 < 0;
4.84 — z7 — (z9 — 2.5%) < 0;
0< 2,20 <6.
BRI fr 14 )R B AL AR R (2.246 826,2.381 865),
15 /IME N 13.590 85.
55 8/ p L
min fs(z) = (r1 — 22)* + (22 + 23 — 2)*—
(4 — 1)? + (x5 — 1)%
s.t. x1 + 3z = 0;

min fg(z,y) =

T3+ x4 — 205 = 0;
Ty — x5 = 0;
—10<2; <10, i =1,2,---,5.
BRI fs B4 R B LR O (=33, 11, 27, —5,11)/
43, 5/ ME N 1761 43.
59 I R 2L

2x 1076
min fo(x) = 3x; + 10723 + 225 + . 5

5 T

s.t. x3 — x4 —0.48 < O;
Ty —x3 — 0.48 < 0;
1000(sin(—z3 — 0.25) + sin(—z4—
0.25)) — 21 + 894.8 = 0;
1000(sin(zs — 0.25) + sin(xs — x4—
0.25)) — 25 + 894.8 = 0;
1000(sin(z4 — 0.25) + sin(zy — x3—
0.25)) + 1294.8 = 0;
0<x <1200,i=1,2;
— 048 < a; <048, j =3,4.



F5H

EERF KRR RAMACP AL GG 5 RGR A% ko R

943

BRI AN fo 1) 42 SR B A R D (679.945 3,1026.067,
0.118876 4, —0.396 233 6), 5t /ME N 5126.498 1.
551010 R H
min fio(x) = z1 + 22 + z3.
s.t. 0.0025(z4 + x6) — 1 < 0;
0.0025(zs + 27 —x4) — 1 <0
0.01(xg —25) — 1 < 0;
— 1126 + 833.332 524+
100z, — 83333.333 < 0;
— X9y + 125025 + xoxy — 1250z, < 0;
— 2328 + 2325 — 250025 4+ 1250000 < 0;
100 <;< 10000;
1000 < 9, 3 < 10000;
10 < 2; < 1000,i =4,5,---,8.

ML fro0 A R IR AR RN (579.316 7, 1359.943,
5110.071, 182.0174, 295.598 5, 217.9799, 286.416 2,

395.5979), i /MHE 4 7 049.248 025.
43 BHRE

NT IR —AN AT RE LA, AR SR H R
E S HOE AR BE AT DR ECE 1) 00 R ) ok
HAEE N10-4 ) MBI A n = 100. 3) 1] 5 4L
H M, = 107, M, = 10°. 4)IRCGA-2 1, A5 5 Hlf
Pm = 0.5, X XMEH p, = 1;IRCGA-1H, 25 MR
Pm = 0.05, 28 XK p, = 0.9. 5) IRCGA-2 {5 &4
pe = BOMKETEANA. 6) IRCGA-2 13k 4k 5% 5 3¢
fik [46] I HEAL SRS AH TR 7)RCQGA I S B B 5
SCHR [49] 4 [7]. 8) IRCGA-3 12 % B 5 3Tk [S0]AH
7.
4.4 STEK[22]) PSR BUR R E AR BR M

IRCGA-1 4} T Ja Bl B AU 22 r A Ak, il e, B9k
AIRK O] B 1 PN 5 AR AE . L4213 1
AN BR BN B, IRCGA- 1 7E A [ 38 AR U Bt e o
AMA ) 73 AT A 0 40 1] 3 s, IRCGA-2 7E A [ AR K
B Tl B A A 2 A 15 O G P 4 BT

10 - — 4 -2.682
5 -:-'. - w7 T .
= 2 -2.686 .,
N - \\‘
< 0f 50 o :
. J *n,
- -2.690 | .
,5 _2_ -~
-10 -4 -2.694 : : : .
-5 -10 0 5 10 -3 2 -1 0 1 2 “1.630 -1.625 -1.620 -1.615 -1.610

X

(a) WIaFRE

X

(b) AR 10K

X

(c) 4R 20 %

-1.0 -3.07232 -1.5
2.0t
-L5p -3.072 36}
25}
-2.0 o o
-3.07240} 3.0}
25 el
3,072 44} 35
3.0 - - - : : 4.0 e
=30 25 20 15 1.0 06410 06408 06406 —0.6404 230 25 20 -15 -10 05

X

X

X

(d) %830 (e) 1&EAR40 X (H) AR50 X

3 TRERIERRE T, IRCGA-1 fFEh MR S mIEIR

MIEL 3 AT B HY, B 3 3 AR 56 0, IRCGA-
R o SR 10 22 P AR 22, B AR BN 50 1K,
Tl o BT FR A AR [, B I s bR R e KB

fige. I 47T DL, B A8 IR AR E 1 3 0, IRCGA-2

PR 2 FEVER A B 2 1) 48 4k, Bk o] %0, IRCGA-2

(P2 R 1 B AR T IRCGA-1 IR 2 £ 1
N7 41t IRCGA-1 F1 IRCGA-2 5 N J& il FL AR 55

FIME=R, L4215 HR 28 1 AN B8 BON ), G2 it 1000
XK. IRCGA-1f 98 X Re % >R 4= Jay B A8 A, B N =)
B FL AL A HE 2 90.2 %0; IRCGA-2 7 1000 X 3R H

K1, IRCGA-1 3R fift A7 1 2 W AE i B A3 A Tl A, B N
JR R ARAR R AT BEVEROR, 2 K UL R ek 2R
AL



hJ - Vo N
944 # % 5B x K %34 %
T T 1 PSS ROR S EAN U AR
13
st -~ BB SHGRAESIYE PR /s PIARHL K
.2
=0 v IRCGA-1 1.0539 326.7900
P IRCGA-3 0.998 5 105.6200
sl . ! RCQGA 0.0953 353200
IRCGA-2 0.0147 16.1240
13
-10 T - : 5 s T IRCGA-1 0.0471 15.6400
f IRCGA-3 0.0486 19.2500
X, 2 RCQGA 0.0533 18.1200
(a) VIR IRCGA-2 0.0127 12.9370
10 IRCGA-1 0.0696 23.9900
0 ; IRCGA-3 0.0530 15.6320
sl . . 3 RCQGA 0.0273 9.6300
e IRCGA-2 0.009 1 8.9790
<0 . IRCGA-1 0.1372 47.7500
f IRCGA-3 0.1468 41.6020
-5t ! 4 RCQGA 0.1736 64.2400
. IRCGA-2 0.0353 42,4600
— 1 0 Al
=10 -5 0 5 10 IRCGA-1 0.044 1 26.4610
X, f IRCGA-3 0.0460 30.5120
e e 5 RCQGA 0.0909 31.7000
(b) SR IRCGA-2 0.0217 20.6140
10 = P IRCGA-1 0.0459 27.4500
N i IRCGA-3 0.0580 30.568 0
5f N 6 RCQGA 0.0548 29.6500
o IRCGA-2 0.0207 20.2160
S0
IRCGA-1 0.0842 74.6910
sl . f IRCGA-3 0.0967 68.6950
7 RCQGA 0.5905 70.960 4
1o . IRCGA-2 0.0520 49.5400
-10 -5 0 5 10
IRCGA-1 0.5078 86.4830
X, f IRCGA-3 0.596 8 90.256 0
v N N, 8
(c) %A 10 RCQGA 0.5672 50.1100
0 IRCGA-2 0.0567 35.5840
IRCGA-1 0.396 8 85.7000
st i IRCGA-3 0.4230 92.6920
o RCQGA 0.386 8 82.6800
S0k IRCGA-2 0.0826 73.4500
. ' IRCGA-1 0.1359 79.8500
-5t N . ; IRCGA-3 0.1462 83.5800
) 10 RCQGA 0.1225 78.8020
_] 0 1. " 1 i R
01 = 5 5 10 IRCGA-2 0.0743 63.5720
X WA 1 BT 1, T A T I R L T3

(d) &R 140

B4 FERERRXET, IRCGA-2 B MR 1B R
4.5 MKER

9 T A SCHR [22] H 4 S ek S B4 SRV R
5 SR 2 JR S A R R O0Ak e 30, 5 AR ST R 1
ARERAE R T 3CHR [22] T 25 H 1) ot s i A& SRk,
N T A 45 SCHR [22] 7 45 HA I 5t sl s 4% B Re
KRAFA B 2 A LA ]

TGN PP RE LL A R, 4.2 7
IR 10 AN oR 2, S DU R EAE 7] — & T EAL
FIEAT 1000 %, WCHR 1 P S S 450083 A BRI 0) B
AW R S T SRR M ok SR BOEAR SRR )T
SR R 1 s,

EARIREL, IRCGA-2 #B B 55 T IRCGA-1. IRCGA-3
FIRCQGA. A lt, 55 IRCGA-1. IRCGA-3 1 RCQGA
FHEE, IRCGA-2 A B i 18 HIE FE, I T IRCGA- 1.
IRCGA-3 F1RCQGA .

5 &4 @

ASCEF N B IR B B bR SR BN R Ik B
AFLE BB, S T — FhHE P o Sk B 07 05, % 5 ik
BARFEE B EUE . v A S T 508
AL A RIS, 5 F DBX H 7= AR B 32 X5 [ (1 ]
REPERL/INE ) R, B2 T — Bk T 07 ) A R A8 X
T Z XA R KA REE = AR 28 S T7
Ir), AT 45 21 B8 4 R AN, 32 1) GA IS SIGE

LA SCHR s AL SRR 20 2 UOE ARG, Bl



%55 I EREF: KEBA A RMAC PR 0 5 HAR A F R AR 945

A ] e H IR [F] B AR, A4S R ) 2 FE PR AR 22,
I, AR CAER X Z JG 8 7 — B ARAE, [ 15 Fh i
A AR R ) Gy Cu AR AE LR, PR 0 2 A . T
B — A e B TGV B S U S 2 R T, A4 S
RS, AR T — P& RTTE AR 7
PR A B AR08 S I S I = 4 &R e 7, SRR e i 4
JRIR R AT, AN, AR SR ) ot SRR B
ik 7 SCHR [22] ££ 3R il 2 A B 2 SR R AE A AR Ak 117
T, 22 30 DL T eV ST 4 R A A R SR AL 10
ANSAF) BT 2 B IR, AR SCHE 1 oSt S B A% B
ETCVR & 35 T S [A) R 2 - 33 AR TR B, #H d2 b
T AR SR A i SR s % B, NS IE T A SCHE
1) S0k S B A% SRR I A R T AT AR

S E 3 fk (References)

[1] Holland J H. Adaptation in natural and artificial
systems[M]. Ann Arbor: University of Michigan, 1975:
102-138.

(2] RRAEZR, WK, XIE S, . —Fh ool r sk K dm i R
E AL HE J]. THENUS, 2006, 26(8): 1959-1962.
(Zheng S R, Lai J M, Liu G L, et al. An improved
real-coded hybrid genetic algorithm[J]. Computer
Applications, 2006, 26(8): 1959-1962.)

[31 XU AE, FEHE, R, — ool A A% VL SR AR AT 7
I (7], B 5 TR A2, 2013, 33(4): 390-393.
(Liu H H, Cui C, Chen J. An improved genetic algorithm
for solving traveling salesman problem[J]. J of Beijing
Institute of Technology, 2013, 33(4): 390-393.)

(4] REEK, HriEiE. B N A S g A 1A S
(2T FE [9). e 122 5 THEL, 2011, 28(4): 140-
142.

(An J C, Jin H Y. Application of adaptive strategy in
real-coded genetic algorithm [J]. Microelectronics and
Computers, 2011, 28(4): 140-142.)

[5] De Jong K A. An Analysis of the behavior of a class
of genetic adaptive systems[D]. Michigan: University
of Michigan, Literature Science and Arts Computer and
Communication Sciences Department, 1975: 101-128.

(6] ARZRTE, BREE, AL OCH, 55, 2 TR JElk FE A MAIT #2

1% F bR IS4 HE (). ) 5 K, 2007, 22(2): 164-
168.
(Qi R B, Qian F, Du W L, et al. Multi-objective
genetic algorithm based on elitist selection and individual
migration[J]. Control and Decision, 2007, 22(2): 164-
168.)

[7] Liu Q, Wang X Y, Fu Q M, et al. Collaborative
coevolutionary genetic algorithm[J]. J of Software, 2012,
23(4): 765-775.

(8] M AFad, JRUABE. OR B RS D€ 1% SR St A i 8k
L RT3 (0], 4RI ELR 5 A, 2010, 27(7):
843-848.

(Yu S Y, Kuang S Q. Martingale analysis of convergence
and convergence rate of elite genetic algorithm[J]. Control
Theory & Applications, 2010, 27(7): 843-848.)

(9]

(10]

[11]

(12]

[13]

(14]

(15]

[16]

[17]

(18]

(19]

(20]

[21]

(22]

(23]

Chen C T, Wu C K, Hwang C. Optimal design and
control of CPU heat sink processes[J]. IEEE Trans on
Components & Packaging Technologies, 2008, 31(1):
184-195.

Chen C T, Chuang Y C. An intelligent run-to-run control
strategy for chemical-mechanical polishing processes[J].
IEEE Trans on Semiconductor Manufacturing, 2010,
23(1): 109-120.

Dyer J D, Hartfield R J, Dozier G V, et al
Aerospace design optimization using a steady state
real-coded genetic algorithm[J]. Applied Mathematics &
Computation, 2012, 218(9): 4710-4730.

Tsai C W, Lin C L, Huang C H. Microbrushless DC motor
control design based on real-coded structural genetic
algorithm[J]. IEEE/ASME Trans on Mechatronics, 2011,
16(1): 151-159.

Valarmathi K, Devaraj D, Radhakrishnan T K. Real-coded
genetic algorithm for system identification and controller
tuning[J]. Applied Mathematical Modelling, 2009, 33(8):
3392-3401.

Michalewicz Z, Janikow C Z, Krawczyk J B. A modified
genetic algorithm for optimal control problems[J].
Computers & Mathematics with Applications, 1992,
23(12): 83-94.

Goldberg D E, Deb K, Clark J H. Genetic algorithms,
noise, and the sizing of populations[J]. Complex Systems,
1991, 6(4): 333-362.

Eiben A E, Hinterding R, Michalewicz Z. Parameter
control in evolutionary algorithms[J]. IEEE Trans on
Evolutionary Computation, 1999, 3(2): 124-141.
Koumousis V K, Katsaras C P. A saw-tooth genetic
algorithm combining the effects of variable population
size and reinitialization to enhance performancel[J]. IEEE
Trans on Evolutionary Computation, 2006, 10(1): 19-28.
Affenzeller M, Wagner S, Winkler S. Self-adaptive
population size adjustment for genetic algorithms[C].
2007 Int Conf on Computer Aided Systems Theory.
Berlin: Springer, 2007: 820-828.

Meysenburg M M, Foster J A. The quality of
pseudo-random number generators and simple genetic
algorithm performance[C]. Proc of th Int Conf on Genetic
Algorithms. New York: Morgan Kaufmann Publishers
Inc, 1997: 276-281.

Paz E Cant. On random numbers and the performance of
genetic algorithms[C]. Proc of Genetic and Evolutionary
Computation Conf. New York: Morgan Kaufmann
Publishers Inc, 2002: 311-318.

Meysenburg M M, Hoelting D, McElvain D, et al.
How random generator quality impacts genetic algorithm
performance[C]. Proc of Genetic and Evolutionary
Computation Conf. New York: Morgan Kaufmann
Publishers Inc, 2002: 480-487.

Chuang Y C, Chen C T, Hwang C. A simple and
efficient real-coded genetic algorithm for constrained
optimization[J]. Applied Soft Computing, 2016, 38(C):
87-105.

Deep K, Das K N. Performance improvement of real
coded genetic algorithm with quadratic approximation



946

*

R %34%

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

(35]

[36]

[37]

(38]

based hybridization[J]. Int J of Intelligent Defence
Support Systems, 2009, 2(2): 319-334.

Nakanishi H, Kinjo H, Oshiro N, et al. Searching
performance of a real-coded genetic algorithm using
biased probability distribution functions and mutation[J].
Artificial Life & Robotics, 2007, 11(1): 37-41.
Ortiz-Boyer D, Hervéds-Martinez C, Garcia-Pedrajas N.
Improving crossover operator for real-coded genetic
algorithms using virtual parents[J]. J of Heuristics, 2007,
13(3): 265-314.

Tang P H, Tseng M H. Adaptive directed mutation
for real-coded genetic algorithms[J]. Applied Soft
Computing, 2013, 13(1): 600-614.

Zhang G, Zhang G, Ma J, et al. Three real-coded genetic
algorithms with new mutation operators[C]. Proc of the
2007 Int Conf on Intelligent Systems and Knowledge
Engineering. Atlantis: Atlantis Press, 2007: 531-534.
Singh A, Deep K. Real coded genetic algorithm
operators embedded in gravitational search algorithm for
continuous optimization[J]. Int J of Intelligent Systems
Technologies & Applications, 2015, 7(12): 1-12.

Tang P H, Tseng M H. Adaptive directed mutation
for real-coded genetic algorithms[J]. Applied Soft
Computing, 2013, 13(1): 600-614.

Yushchenko A G, Pashko D A, Gatilova O V. Evolutionary
strategies of a genetic algorithm for a traveling
salesman and new york taxi driver problems[R]. Kharkiv:
Anniversary Edition “Information Systems” Department
NTU “KhPI” ,2014.

Kita H. A comparison study of self-adaptation in
evolution strategies and real-coded genetic algorithms[J].
Evolutionary Computation, 2001, 9(2): 223-241.
Magalhdes-Mendes J. A comparative study of crossover
operators for genetic algorithms to solve the job shop
scheduling problem[J]. Wseas Trans on Computers, 2013,
12(4): 164-173.

Subbaraj P, Rengaraj R, Salivahanan S. Enhancement
of combined heat and power economic dispatch using
self adaptive real-coded genetic algorithm[J]. Applied
Energy, 2009, 86(6): 915-921.

Amjady N, Nasiri-Rad H. Solution of nonconvex and
nonsmooth economic dispatch by a new adaptive
real coded genetic algorithm[J]. Expert Systems with
Applications, 2010, 37(7): 5239-5245.

Subbaraj P, Rengaraj R, Salivahanan S. Enhancement of
self-adaptive real-coded genetic algorithm using Taguchi
method for economic dispatch problem[J]. Applied Soft
Computing, 2011, 11(1): 83-92.

Chuang Y C, Chen C T, Hwang C. A real-coded genetic
algorithm with a direction-based crossover operator[J].
Information Sciences, 2015, 305: 320-348.

TEE M, J7 3R W I A AR Rl B 2 I R R S A
T LB AL (7], R 5 3R, 1996, 11(4): 446-451.
(Wang D W, Fang S C. Semi-infinite programming
model and its genetic algorithm for quasi-time production
planning[J]. Control and Decision, 1996, 11(4): 446-
451.)

Peltokangas R, Sorsa A. Real-coded genetic algorithms
and nonlinear parameter identification[R]. University of

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(50]

OULU Control Engineering Laboratory Report A, 2008:
1-28.

Michalewicz Z. Genetic algorithms + data structures =
evolution programs[M]. 3rd ed. Berlin: Springer-Verlag,
1996: 631-653.

Mikinen R A E, Jacques P, Jari T. Multidisciplinary shape
optimization in aerodynamics and electromagnetics using
genetic algorithms[J]. Int J for Numerical Methods in
Fluids, 1999, 30(2): 149-159.

Deep K, Thakur M. A new mutation operator for real
coded genetic algorithms[J]. Applied Mathematics &
Computation, 2007, 193(1): 211-230.

Michalewicz Z, Logan T D, Swaminathan S. Evolutionary
operators for continuous convex parameter spaces[J].
Revista Espafiola De Anestesiologia Y Reanimacion,
1994, 52: 377-378.

Ripon K S N, Kwong S, Man K F. A real-coding jumping
gene genetic algorithm(RJGGA) for multiobjective
optimization[J]. Information Sciences, 2007, 177(2):
632-654.

I AL 12 B R M. Jbat 3E R AL,
2012: 176-178.

(Hu Y Q. Operations research course[M]. Beijing:
Tsinghua University Press, 2012: 176-178.)

R EE, 5KSCR, M Bk — TRy bV s AL BVE
PSR SCAR I SRS (0] 45101 5 B3R, 2002, 17(5):
625-628.

(Xie X F, Zhang W J, Yang Z L. A parents selection
strategy fighting premature convergence in floating
genetic algorithms[J]. Control & Decision, 2002, 17(5):
625-628.)

Wang J Q, Wang F L, Dong Z G, et al
Research on evolutionary strategy of real-number genetic
algorithm[J]. Mathematics and Practice, 2017, 47(11):
118-125.

FEWRL, XTI, FMEAE. 51N A R s T
HF N D IE R S (0] tHEHL TR S R, 2000,
45(20): 57-60.

(Wang X H, Liu X Y, Bai M H. Migration algorithm with
gaussian variation and steepest descent operator[J]. J of
Computer Engineering and Applications, 2009, 45(20):
57-60.)

2= e, A B B IE R G AR S BRI (0], THEE
HLT A5 R, 2013, 49(10): 58-61.

(Li J J, Dai Y M. Frog leaping algorithm based on
adaptive mixed variation[J]. J of Computer Engineering
and Applications, 2013, 49(10): 58-61.)

WioHE, SRR, Tk S i VR il B 1 A% S D).
P 5Pk, 2005, 20(11): 1300-1303.

(Chen H, Zhang J S, Zhang C. Quantum chaos quantum
genetic algorithm[J]. Control and Decision, 2005, 20(11):
1300-1303.)

Ren Y T, Zhang D, Xu D Y, et al. Prediction and
analysis of agricultural machinery total power based
on real-valued genetic algorithm and neural network[J].
Agricultural Mechanization Research, 2018, 40(7): 13-
18.

(GriEsmit: 5+ %)



