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A Study on Computational Efficiency Enhancement by Using Full Gray
Code Genetic Algorithm

Won Chang Lee’, Hwal Gyeong Seong*

ABSTRACT

Genetic algorithm (GA), which has a powerful searching ability and is comparatively easy to use and also
to apply, is in the spotlight in the field of the optimization for mechanical systems these days. However, it also
contains some problems of slow convergence and low efficiency caused by a huge amount of repetitive
computation. To improve the processing efficiency of repetitive computation, some papers have proposed
paralleled GA these days. There are some cases that mention the use of gray code or suggest using gray code
partially in GA to raise its slow convergence. Gray code is an encoding of numbers so that adjacent numbers
have a single digit differing by 1. A binary gray code with n digits corresponds to a hamiltonian path on an
n-dimensional hypercube (including direction reversals). The term gray code is open used to refer to a reflected
code, or more specifically still, the binary reflected gray code. However, according to proposed reports, gray
code GA has lower convergence about 10~20% comparing with binary code GA without presenting any results.
This study proposes new Full gray code GA (FGGA) applying a gray code throughout all basic operation fields
of GA , which has a good data processing ability to improve the slow convergence of binary code GA.

Key Words : GA(F X} ¥il2]F), Binary code(2X I E), Gray code(¥l7t5 ZE=UF), FGGA(Full gray
code GA: G 2do] Z= A ¢azF)
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Table 1 Binary and gray code representation of
integers 1 to 7

Integer Binary Code Gray Code
0 000 000
I 001 001
2 010 (U3
3 011 010
4 100 110
5 101 111
6 110 101
7 111 100
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.L_——- A Table 2 Notation for the coil spring

Notation Explanation
Fig. 1 A coil spring d wire diameter
D mean coil diameter
£ FetEe HEE s 2ZH9 surge N number of active coils
frequency™ w He BT} Zrolof a9, vpAgo 2 Q number of inactive end coils
ARINe melstel p, urh 233 9730l - Voung's moduins
) 6 =
a9 ko’ =5, G shear modulus
P applied load
2 N2 .
Minimize f(;j: (N+ Q)47T Dd"pg 1) K spring constant
o) deflection along spring axis
Subject to .
3 k Wahl stress concentration factor
g = 5*% <0 2) r shear stress
T max allowable shear stress
_ SPD[ 4D—d + 0.615d } » natural frequency of surge wave in
&= P L4D—4d” D 3) 4 hertz(Hz)
o rmaxSO @ allowable surge frequency of the spring
g =0 — —é%ﬁ 2@ <0 @) 0 mass density of spring material
T 0 g gravitational acceleration
g = D+d—D, <0 ®) ; —
L u L U L U
(&, D'<D<D d'<d<d N'<N<N") D, allowable spring outer diameter
7] A, i i
o714, r& B3 paramatero] 1, g, F5E S
P=K¢b 6) ol Aejdn.
d'G
K=—=- M <
8D°N ()= {0 &=0 (12)
g, &0
b= dc—=1 + 0.615 (8)
dc—4 ¢ (2, j=1.234)
— 8kPD © , ]
d’ F'e 2457 8 2 Fe e AstA o
d c u, f A @aeEolA e 7Eel HE HE
0= v\ 20 (10) E(fitness)= HA3 45 37 @4 "M, o
i 23 ol ASEE HAT %
olm AlRE 7139 F7)E Table 209 7).
29 22y A5 BAE FA4 neF Fe—C1__ (13)

S ALA7]7] Y85t 1xE 2 E  unconstrained C,+F
optimization problem &2 % g A|Zith
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Table 3 Design data for a coil spring

notation and data explanation
P=68.95 kPa spring load

Q=2.0 times number of inactive coils
G=179.23 GPa shear modulus

6=0.0127 m boundary for deformation
Tpax =951.6 MPa allowable shear stress
w=100.0Hz bound for natural frequency
D,=0.0381 m packaging condition

Y AL L Table 49 Zo] 3719 A ¥H<
E Aostm 108 EmiZ M Y(string) A A F 30H]
Eo MldE 1719 ANAR 3= 27 ZE=E o] 43
A ¢duzE T4 FGGARZ XET EA=Z
7t 2t FAEATE o] B S 7 HgelA degdg 4
AWM E Table 494 2ot

Table 4 Strings assigned to design variable and upper,
lower bound

L Stri
Design variable b:::; Upper bound (bli:‘)g
D(m) 0.00635 0.03302 10
d(m) 0.00127 0.00508 10
N(times) 2.0 i5.0 10
Total 30 bits

27 Gy A7lE 9 FA7irandom
number generator)ol] &3] A HU 2o =7
= 3022 vt FAA dAE A8 2xEgE
(crossover probability)2 0.8524] 2% WIS AL
3 om EdWo) BE(Mutation probability)e 0.1
2 3] B4l 37 AAHES it
o] BEUEL EAHo g ALEHRE HY ¢t

A 2 He o) H2EE Fshe AeEd gEol
o} o] AL thgd Yo 2584 334 Ef A
FRENAE ALH)

Y 2z HHsl FANA 600HANE A

4 AA Y2 AR HEE S FREY FA
£ 3 A3E Fig. 2 € Fig 3% ¥ 20 2=
o]&3 FHx LueEFL 284N A AHF 5
3 FHAe FEEE 781458 71§01 6004
7t AP AREY Mg S5 FHAY Hs
S 784718 & WUl gl ¢ 4 sk §4
g ade] =g 43 A dngsy 2
E 1394t A 71 48 ARy FSee
99.061°128 600M 7R A& A7 Ax AF
$-3 ALY HLLEE 102.6357HA] FolAE
S & F7F Avh B g FREY F5A
F

ig. 39} Zt}.

fe o

100 gray code

70] . binary code
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3
h

T T T T T T
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Generation

Fig. 2 Generaion-history of "most fitness" design for
a coil spring
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Fig. 3 Generaion-history of "most weight" design for
a coil spring

HAste] = FLue] 27 A=} 8o =
ZE AR fAA dugEY dA Mg FF
X+ Table 59 2ok



ol - dg4q -

SR AU A #2049 #1035

Table 5 Comparison of topology results after 600

generations
Design Opiimum topology
variable Binary code GA Gray code GA
d (m) 1.7526%10° 1.4986x10”
D (m) 2.3901x107 1.4046x10”
N (times) 2.0 5.164
Weight(kg) 5.783x10° 4.421x10°

3.2 E3A =g &3

Fig. 4 Twenty-five member transmission tower mode

25858 E#2A FZE(twenty-five member
transmission tower)oll I3t < A& Fig 4'9) FXE
2dz 3on EXFYFRE FREY FAH
ALEEAY. AldEAAL FRECA AstFel #F
£¥ ue] W9 F(displacement) T F 2 (stress) 22
At FAFA F4£2A4 Oy 2o’

Minimize
Ax)=3pA L, (14)
Subject to
gﬂ(}:):lujl _ZSO
gjz(_ﬁf)zlvjl - U]-SO (15)
galx)=|w;| — w; <0
gdD=1lo; - ¢,<0 (16)
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CER O BELS
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3 AbEEE 0BT & Aol B dAFdA 2
2% 10%] AEHAR C,EE 10 710l AR H
t}. &5 2 EX(material property) 2% Table 6°
o] AL&-E ATt

25709) EE]A B Table 73 Zo) 7709 2
S A 7 2F S 11HEGiE vl H(string)
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Table 6 Design data for 25-member transmission tower

Load condition Direction of load
Node
(kN) X Y z
1 2225 0 0
step 1 2 2.225 0 0
3 4.450 44.5 -22.25
4 0 445 -22.25
step 2 3 0 89.0 -22.25
4 0 -89.0 -22.25

Modulus of elasticity = 68.95 GPa
Material density = 27.155 kN/m’
Upper limit on cross-sectional arcas = None
Lower limit on cross-sectional areas = 6.4516x10° m’
Displacement limits at all nodes and
in all directions = 0.00889 m

Table 7 Strings assigned to design group

Design group Design variables string (bit)
1 X1 11
2 X2, X3, X4y Xs 1t
3 X6, X7, Xs, X9 1
4 Xi0, X1, X12, X13 11
5 X4, X15, Xi6, X17 11
6 X8, X19, X20, X21 i
7 X22, X23, X24, X25 11

Total 77 bits

53] 7] 2R3 A7+ ¢ LA 7] (random
number generator)o] &3] AN EHY ZHdel 77
E 20022 33
FAR} A4S H3) wxH&-S(crossover probability)
085 A 24 BAS AL3Pon Eduo]
85 (Mutation probability)e 0.12 3l EAW o]
FAA7 BPAHEF 3. A FEUES F
dHoZ AREAAE MY QA 2 ¥l oy
HAEE F3lo ddd el

o
T

Table 8 Selectable sizing variables(cross-sectional
area) for each topology

Cross-sectional area, (><10'3 m’)
Topology
) Group | Group | Group | Group } Group | Group | Group
* 1 2 |3 a5 6|7
1 0.06451 ~ 3.2258
string
(bit)

2584 3219 E

[>
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AE 400 AHE Q4HE sIlom 2 IEE AHR
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Hgeet EAFs-E v BH Fig. 5 E Fig. 6
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Fig. 5 Generaion-history of "most fitness" design for
twenty-five member transmission tower
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Fig. 6 Generaion-history of "most weight" design for
twenty-five member transmission tower
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Table 9 Comparison of topology results after 400
generations

mz)

FGGA
0.5081x10™
1.670x10°
1.121x10°
0.5002x10°
0.5348x10°

0.007999x10"

2.739x10”

237.09

Design

group
1

Optimum_topology!
Binary code GA
1.755%10°
1.848x10°
0.9594x10°
0.2203x10°
0.4750x10°
0.1385x10"
2.840x10°
245.68

Ref[6]
6.4526x10°
1.3210x10”
1.9332x10°
6.4516x10°

0.44213x10"
1.04626x10™
1.72335x10°

247.45

N L AW N

;
Weight(kg)
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