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Optimal Maintenance Policy Using Non-Informative Prior
Distribution and Marcov Chain Monte Carlo Method

Jung Lang Ha' - Minjae Park’’
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*Business School, Hongik University

Purpose: The purpose of this research is to determine optimal replacement age using non-informative

prior information and Bayesian method.

Methods: We propose a novel approach using Bayesian method to determine the optimal replacement
age in block replacement policy by defining the prior probability with data on failure time and repair
time. The Marcov Chain Monte Carlo simulation is used to investigate the asymptotic distribution

of posterior parameters.

Results: An optimal replacement age of block replacement policy is determined which minimizes
cost and nonoperating time when no information on prior distribution of parameters is given.

Conclusion: We find the posterior distribution of parameters when lack of information on prior
distribution, so that the optimal replacement age which minimizes the total cost and maximizes the

total values is determined.

Keywords: Bayesian Method, Block Replacement, Marcov Chain Monte Carlo, Non-Informative

Prior Distribution
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Determine the initial values of o®

and A at random

1 / }\0
C
r) using the initial values

‘ Generate the value of o' from ~(n, 1/(z'¥)?) ‘

g

(1)

‘ Generate the value of A" using p(Blo, ¢, -+ t,) ‘

0z

‘Generate samples repeatedly until « and 3 converge‘

{

Plot the distribution of the parameters using the

values after half of the generated sample

Fig. 1 MCMC Algorithm
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Table 1 Optimal conservative period using Bayesian method
. . Bayesian NonBayesian

Cycle Failure times e e e G

Ty Vy(a) Ty Vy(z)

0 - 0.917 0.758 1.558 0.736
0.050, 0.094, 0.196, 0.268, 0.290, 0.329,

! 0.332, 0.347, 0.544, 0.732, 0.811, 0.899 0805 0.750 1.326 0.728

2 0.359, 0.368, 0.380, 0.650 0.906 0.808 1.218 0.786
0.090, 0.100, 0.160, 0.346, 0.407, 0.456,

3 0.470, 0.494, 0550 0.912 0.758 1.558 0.736
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Table 2 Using the failure time from Mazzuchi and Soyer’s study[8], i.e. 0.05, 0.094, 0.196, 0.268,
0.290, 0.329, 0.332, 0.347, 0.544, 0.732, 0.811, 0.899, total value, optimal replacement age,
expected total cost and expected total duration are determined for sensitivity analyses with
different repair costs and replacement costs

w ¢ Cn zp Vy(a") E")] EDE")
2 0.579 0.538 64.366 3.684

3 0.284 0.619 88.516 1.998

10.0 4 0.268 0.678 93.115 1.738

5 0.243 0.725 102.542 1.589

6 0.245 0.763 101.292 1.487

3 0.543 0.542 97.868 3.505

wi= 05 4 0.315 0.596 122.186 2.161
Wy = 0.5, 15.0 5 0.278 0.633 136.211 1.904
7 0.263 0.706 143.781 1.643

9 0.245 0.766 150.953 1.481

7 4.473 0.518 218.212 25.204

9 0.965 0.531 276.539 5.709

50.0 10 0.546 0.545 315.144 3.404

15 0.292 0.613 433.834 2.011

20 0.263 0.683 470.844 1.729

2 3.718 0.714 51.993 17.993

3 1.246 0.738 64.956 5.590

10.0 4 0.743 0.768 75.674 3.263

5 0.529 0.804 81.999 2311

6 0.450 0.829 87.100 1.956

3 4.284 0.714 74.733 19.659

4 1.694 0.727 94.656 7.996

‘:/Vlz _= %Z: 15.0 5 0.944 0.751 104.569 4.268
7 0.555 0.795 122.552 2.487

9 0.438 0.833 130.123 1.916

10 3.551 0.714 265.694 17.618

15 1.333 0.734 337.868 6.174

50.0 20 0.733 0.769 374.739 3.200

25 0.511 0.805 418.321 2.287

30 0.443 0.828 445.363 1.965
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Table 3 Using the failure time from Mazzuchi and Soyer’s study[8], i.e. 0.05, 0.094, 0.196, 0.268,
0.290, 0.329, 0.332, 0.347, 0.544, 0.732, 0.811, 0.899, total value, optimal replacement age,
expected total cost and expected total duration are determined for sensitivity analyses with
different repair times and replacement times

W d, dn zy, Vy(z") H )] ED(z")]
2 0.653 0.544 316.810 3.884
3 2.184 0.523 270.180 14.119
10.0 4 3.620 0.515 262.979 27.224
5 3.806 0512 261.552 34.965
6 4711 0.510 255.269 47.688
3 0.580 0.547 318.811 3.561
4 1.581 0.526 278.474 10.319
”Vvvlz == %55 15.0 5 2.723 0518 261.241 19.505
7 3.346 0.513 257.968 31.844
9 3.949 0.509 265.767 48.264
7 0.330 0.583 388.818 2.083
9 0.419 0.554 346.802 2.693
50.0 10 0.545 0.543 320.821 3.459
15 2.253 0518 265.478 16.692
20 3.369 0512 264.316 32434
2 3.912 0.718 259.134 14.573
3 4763 0.712 260.072 24.834
10.0 4 5.000 0.709 257.678 33.690
5 4.879 0.707 265.470 42517
6 5.000 0.706 267.479 52.163
3 3.711 0.716 259.244 15.425
4 4379 0.712 257.251 22.994
w; = 0.7,
weo 03| 150 5 4873 0.709 262.999 31.741
7 5.000 0.707 260.975 44.671
9 5.000 0.705 259.105 56.799
10 3.827 0.714 250.791 17.831
15 4.496 0.709 258.744 31.561
50.0 20 5.000 0.707 257.872 45977
25 5.000 0.705 256.998 57.045
30 5.000 0.704 262571 69.792
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Table 4 Using the failure time from Mazzuchi and Soyer’s study[8], i.e. 0.05, 0.094, 0.196, 0.268,
0.290, 0.329, 0.332, 0.347, 0.544, 0.732, 0.811, 0.899, total value, optimal replacement age,
expected total cost and expected total duration are determined for sensitivity analyses with

different o, and 3,

% By 17; Vg @) E ") ED(z")]
2.1 1.857 0.628 110.474 10.725
22 1.760 0.630 106.525 9.792
2.3 1.462 0.638 101.933 7.763
2.4 1.534 0.638 96.985 7.734
20 2.5 1.394 0.644 94.472 6.825
2.6 1.397 0.642 96.752 7.015
2.7 1.324 0.648 91.349 6.246
2.8 1.236 0.651 91.656 0.839
2.9 1.070 0.659 91.824 5.032
3.0 1.277 0.651 89.678 5.900
2.1 1.445 0.642 94.806 7.106
22 1.309 0.647 92.782 6.277
2.3 1.298 0.650 89.419 5.982
24 1.147 0.656 89.897 5.290
30 2.5 1.262 0.656 82.882 5.355
2.6 1.185 0.660 82.927 5.017
2.7 1.166 0.662 81.893 4.866
2.8 1.138 0.663 82.560 4.785
2.9 1.124 0.665 81.119 4.633
3.0 1.073 0.670 79.615 4.320
5.4 2 %31, A o] gfol BR X E ET Y 7MY &
o wo] 2 W& o] §8te] DA 7]t W E 2
71E AT A = Hol2 WS ol &ata] A u 7190 ] 7hE AlZbE ARSI o) & Tt W sk B
A BAE AR glo} 1A ATHE golE BEE © 7 &5 SUsAI = A A #2491
7HE S uy, Sfol & BEY F B o8 Y AHEGE A F715 AAstgon, 44 dolg Y 24 4 &
2o oA 7HA £2E Mo £ AT llA Fote] GA ANGASFER LY BT a9 BE vt
S AH AR A EANA B FAN LA A ZuA BHERMOMO) FUOE EFR T E
Zol thgk dlo]E¥hE o] &3t A WYow THA ol RGN A Bl ik AR A EE 7}
AAGES Aot £F wA Byl A HA o] wA Aglol 5 wA 439 A wA £715 ==}
715 ARt ol thgk wl o] 2 HZH S Akt Atk AA A A AT 4 de o 7k 275,
ATk A A L5 7HE8HA % 54 B (non-infor- d& =9 OE FFY FeAR ATy, B9
mative) AL SE R Z & Fo]E o EH 0| E ALE 5} T2, e U oA 7R FFY RS A (AR
ELEY TS fdste Y= A st= A S HANEZS) 52 BAR A A 128t A&
EEE v ARE S FRE e Aol Yt RY3}at7)= ol JAT on9le AFFATE 2 A
neba Bao] g AP ARl SEEETH EAEHA ojth.
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