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A Maintenance Design of Connected-(r,s)-out-of-(m,n):F System
Using Genetic Algorithm

Won-Young Yun + Gui-Rae Kim * Cheol-Hun Jeong
Department of Industrial Engineering, Pusan National University, Busan, 609-735

This study considers a linear connected-(r,s)-out-of-(m,n):F lattice system whose components are ordered like
the elements of a linear (m,n)-matrix. We assume that all components are in the state 1 (operating) or 0 (failed)
and identical and s-independent. The system fails whenever at least one connected (r,s)-submatrix of failed
components occurs. The purpose of this paper is to present an optimization scheme that aims at minimizing the
expected cost per unit time. To find the optimal threshold of maintenance intervention, we use a genetic
algorithm for the cost optimization procedure. The expected cost per unit time is obtained by Monte Carlo
simulation. The sensitivity analysis to the different cost parameters has also been made.

Keywords: connected-(r,s)-out-of-(m,n):F lattice system, age replacement, genetic algorithm, Monte Carlo
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Figure 1. Supervision system.
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t=0
Generate P, (0) randomly for ¢ =1,.., ¢
e ———————————
P 1) =P

v

Determine chromosome i and j randomly
Determine position d randomly
P " (t):=crossover {Pi (1), Pj " (1), d}

v

Determine chromosome i randomly
Determine position d randomly
P ' (t) := mutation {Pi (1), d}
v
“):=P "()+ P@t)
v

Evaluate fitness of P"(t)
Sort P"(t) in order of fitness

v

t=t+l
P(t) := selection {P

(1), q}

v

Terminal condition :
t = Given generation

% Yes

Print 77, = decoding {2, ()}
Print ¢(717,) = fitness of (1)

v

End

Figure 6. Procedure of genetic algorithm.
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Table 1. (75 ) versus simulation replication number
(mn)(r,s) : (4,4)3.3)
G,C, G 2 100,1,0.1
Population | Generation | Population | Generation
100 100 50 100

Number C(Ty) C(Ty)

10 0.1646 0.1740

30 0.1997 0.1686

50 0.1894 0.1625

70 0.1926 0.2002

100 0.2202 0.2136

150 0.2211 0.2111

200 0.2269 0.2298

300 0.2182 0.2197

500 0.2295 0.2123
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0.2 1
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o Generation

i i 7, . .
size of population T (7k) Figure 8. C(7})versus generation number.

10 28.765 0.2260

30 34.287 0.2170

Table 3. Parameters of an example

50 34.624 0.2034

70 34.196 0.1989 System : consecutive-(3,3)-out-of-(4,4):F lattice system

100 34.557 0.2040 Failure distribution : Exp(0.02)

150 35.616 0.2036 Cost parameters : Cjy 100

200 34.967 0.2000 C 1

Cy 0.1
). Iy Genetic algorithm parameters :
#® 7 size of population 5
crossover rate 0.3
mutation rate 0.05
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Table 4. C(7)and 7} versus cost parameters for connected-

(3,3)-out-0f-(5,5):F lattice system

(m.n)(r,s) : (5,5(3,3)

G G Tr C(Ty)

10 61.043 0.2851

50 36.524 0.3001

01 100 33.921 0.3084

1000 29.486 0.3206

10 68.836 0.2893

50 36.756 0.3219

03 100 34.472 0.3223

1000 30.475 0.3452

10 80.093 0.2899

: 50 37.876 0.3376

100 34.822 0.3426

1000 30.277 0.3640
Mg Bso] T A3 G715k B9l | ehul g9
W8S A RA, <Figure 9> & 5 U] GO Hgol
zhass c<TR )9l ghol Z7KIh 8 9] ghol ARS
S A O(7,)9 gl AR & % AUk <Figure 10>
Syer ts_ o B 712 uF7)( 1) B Aol
G ENEEF 1,9 e Fobr R 9] ghol 342

R
o o
2 uYe %4 ok



A Maintenance Design of Connected-(7",S)-out-of-(772,72):F System Using Genetic Algorithm 257
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10 a0 100 1000 C(J

Figure 9. C(7;,) versus cost parameters for onnected-(3,3)-

out-of-(5,5):F lattice system.

T T T
10 a0 100

I
1w Gy

Figure 10. 7;, versus cost parameters for connected-(3,3)-

out-of-(5,5):F lattice system.
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Table 5. Means and variances of the optimal maintenance
interval and the expected cost rate for connected-
(3,3)-out-of-(5,5):F lattice system

T (1)
G G Mean Variance Mean Variance
10 61.043 31.34736 0.285 0.000348
01 50 36.523 0.88436 0.300 0.000157
100 33.921 2.94691 0.308 0.000898
1000 29.486 9.39136 0.320 0.000686
10 68.835 40.91234 0.289 0.000189
0.5 50 36.755 2.64172 0.321 0.000300
100 34.471 0.66195 0.322 0.000291
1000 30.474 2.06622 0.345 0.000434
10 80.093 17.27322 0.289 0.000299
1 50 37.877 5.49340 0.337 0.000167
100 34.821 0.41521 0.342 0.000185
1000 30.276 0.48542 0.364 0.000217

Table 6. C(7y)and 7} versus cost parameters for connected-
(3,3)-out-of-(10,10):F lattice system

(m,n)(r,s) : (10,10)(3,3)

G G Ti C(Ty)
10 55.057 1.3207
0.1 50 26.550 1.4489
100 21.371 1.5212
1000 16.777 1.6048
10 56.214 1.3522
0.5 50 29.430 1.5043
100 26.486 1.5352
1000 19.844 1.6954
10 57.482 1.4104
| 50 30.145 1.5205
100 26.625 1.5793
1000 21.112 1.7138

C(Ty)

T T T T
1o a0 100 1000 CU

Figure 11. C(7},) versus cost parameters for connected-(3,3)-
out-of-(10,10):F lattice system.
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Figure 12. 7;, versus cost parameters for connected-(3,3)-
out-of-(10,10):F lattice system.
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Table 7. Expected cost per unit time of the system without
preventive maintenance

Expected cost per unit time

G | (mn)(r,s) 2 (53)33) | (m.n)(r.s) : (10,10)3,3)
10 03333 1.5416
50 0.7803 2.4039
100 1.3557 3.3816
1000 11.4498 22.1396
5. A&

B A= A (m,n)S-O%(r,s): 23 AR A 259 A

Ty r s
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I
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|

Figure 13. Extended chromosome.
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Az
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SN=0
TCL=0, TEN=0, NSW=0
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Fori=1Tom
Forj=1Ton
s, /) =1, 1(i, j) =
Next j
Next i

FN=0, CL=0, 5=

29 (g )
Fori=1Tom
Forj=1Ton
If $G, /) =1 Then
t(i, j) = F "' (Random (0,1))
[* 317 WAy
Else
1(i, j) = o°
Nextj
Next i

NF ={(, )| Min (¢(i, ), for i =1,---,m, j =1,--,n);
L7

CL=CL+t(NF)
3EA (e 2

If CL> Ty Then

CL=Tz, S,,=1,Gotostep 4 /* AEH]
Else

S(NF) =0, FN=FN+1

If FN >r X s Then

For ii = Max(1,NF, —r + 1)

A )

HE}Ag %)

To Min(m — r + 1,NF)
For jj=Max(1,NF, — s+ 1)
To Min(m — s + 1,NF))

j+s+1
2 2 (¢,7)=0 Then

Siys= 0, Go to step 4

/¢ A\ 2"l A ¥
Next jj
Next ii
S,ys= 1, Goto step 2 [k N 28] AT 4
R HGEC DR s

TCL=TCL+CL
TFN=TFN+FN
NSW=NSW+S§W,
If SN <SRN Then
Go to Step 1
Else
L(T,

SN =S8N +1

[ AEY ol FE

)= TCL/SRN,
N(T,) = TFN/SRN

R(T,)= NSW/SRN

C(Ty) = (G N(T) + G(1-R(Ty))

+ G R(Ty))/ L(Ty)
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