A Comparison Between a Frequentist, Bayesian and Imprecise Bayesian Approach to
Delay Time Maintenance
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1. Introduction

Ultimate goal: optimise the inspection period T [1].

Y = U + H, with Y ; failure time, U : , H : delay time.

4. Precise Bayesian approach
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Uniform prior Comparison with the frequentist approach
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We seek to minimise D(T) = ———— and Cy(T) = _
(1) = Eoperating Time () E(Operating Time)

E(Downtime) =pinsacidi+ Pde fect(di + dgefect) + P failuredbr

E(Operating Time) =E(Y|Y < T)Fy(T)+ T(l — Fy(T))

Sample Size | E(4p|S) Tfil opt,s | Tciopts ny | 4Downtimeg | ADowntimeg | ACostg ACostg
S ngj? Zul)g;g gizggg 2 5.5803 3.2699 2568.2310 | 1428.5680
: 00664 | 605123 | 680865 5 3.3308 2.4081 1469.9209 | 1033.6236
10 00785 | 529380 | 568004 10 0.6447 0.1278 261.8602 | 49.4582
20 00829 | 507730 | 538654 20 0.2298 0.0766 01.3934 | 29.7284
60 00843 | 500010 | 529380 60 0.1295 0.0654 544745 | 26.0579
200 0.0863 | 492281 | 51.8559 200 0.0568 0.0589 228585 | 234314
600 00881 | 484552 | 50.9285 600 0.0131 0.0159 6.2591 6.2836
1000 00903 | 476823 | 498464 1000 0.0001 0.0002 0.0481 0.0605
+00 0.0900 | 47.7537 | 49.9327 +00 0.0000 0.0000 0.0000 0.0000

E(COSI) — pfﬂfﬂ{‘tci'l'pd@ffff (Cl + Cdffﬁ'f'r)-l- pfﬂf“”‘(’c}?r

2. Virtual case study

Pump where one defect progressively deteriorates into a failure.
k ¢ = 1/4 defects/month, A5 = 9/100 failures/defect/month

However, the enterprise only knows that A;, € [0.01;0.1] failures/defect/month.

d; = 0.4 days, dge fect =2 days, dp, =28 days, ¢; = 110 €, Cde fecr = 1000 €, and ¢, = 9000 €.
8 samples of failure times §; C §, C §3 C §4 C §5 C §¢ C §7 C §;.
Sizes of the samples : 2, 3, 10, 20, 60, 200, 600, and 1000 .

Let Ip,,opt,A; ... D€ the optimal inspection period minimising D;(T) knowing 2 g

The enterprise will use this type of pumps in 6 factories for a period equal
to t = 4 years of operational time.

Consequently, it is interesting to consider the quantities

ADowntime = 6(D1(TDI.H.~‘H,S= flfh”‘h‘t’*) ~ (TD|‘.r:-m,:ifunw*"'lfh”'“f))f

ACost = 6(CI (TC] ,opL,S: f'lh,rrm*.) ~ Cl (TC1 OoPt Ah true’ -”lh,fn.w))!

Suboptimality of the decision based on sample S.

3. Frequentist apprqach
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are minimised with respect to T [2].

5. Imprecise Bayesian approach

f,0(4n) prior uniform with respect to A, € [0.01;0.1]
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Sample Size | Ay mre | Tpopr.s | Teyoprs | 4 Downtime | A Cost (€)
2 0.0662 | 60.3735 | 67.7731 3.2699 1428.5680
5 0.0690 | 58.3667 | 64.6834 24081 1033.6236
10 0.0960 | 45.6374 | 47.2540 0.1278 49.4582
20 0.0946 | 46.1062 | 47.8410 0.0766 29.7284
60 0.0860 | 49.3381 | 51.9885 0.0654 26.0579
200 0.0862 | 49.2551 | 51.8798 0.0589 234314
600 0.0880 | 48.5267 | 50.9301 0.0159 6.2836
1000 0.0902 | 47.6784 | 49.8361 0.0002 0.0605
+00 0.0900 | 47.7537 | 49.9327 0.0000 0.0000
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(¢) Sample 3 (d) Sample 4 (¢) Sample 7 (d) Sample 8
Posteriors
ny | min(Tp,opt) | max(Tp, opt) | ADowntimep | ADowntimer ny | min(Te, ops) | max(Te, ops) | ACostp ACostg
0 51.7014 +00 9.8058 0 55.1021 +00 4837.4707
2 51.5468 118.6333 5.5803 3.2699 2 54.9475 00 2568.2310 | 1428.5680
5 31.3922 83.0805 3.3308 2.4081 2 54.6383 114.7689 1469.9209 | 1033.6236
10 49.0735 61.1306 0.6447 0.1278 10 51.5468 69.0140 261.8602 | 49.4582
20 48.3007 54.9475 0.2298 0.0766 2 50.7739 50 5848 01.3934 20.7284
60 48.6098 52.0105 0.1295 0.0654 60 50.9285 55.5658 54.4745 26.0579
200 48.4552 30.0010 0.0568 0.0589 200 50.9285 52.7834 228585 | 234314
600 48.1461 48.7644 0.0131 0.0159 600 50.4647 51.2376 6.2591 6.2836
1000 47.5278 47.8369 0.0001 0.0002 1000 49 5373 50.0010 0.0481 0.0605

Poor decisions for small sample sizes !
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Imprecise decision intervals

6. Conclusion

Both frequentism and precise Bayesianism fare poorly for small samples.

Precise Bayesians can only consider this imprecision through ad-hoc
reasoning.

Imprecise Bayesians can readily capture the difference between
ignorance and knowledge through probability intervals [3].

This approach should be extended to more complex DTM models [1].
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