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Reliability analysis of hierarchical systems based

on Bayesian network
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Abstract: Reliability modeling of hierarchical systems is significantly difficult because of
the complex system structures and imbalanced reliability information at different system lev-
els. A Bayesian network reliability analysis methodology was proposed to model the reliabili-
ty of binary-state hierarchical systems considering the combination of Bayesian network and
Bayesian information aggregation approach to represent the failure relationship among system
elements. An example illustrated that, the proposed methodology can significantly improve
the accuracy of system-level reliability modeling and reduce the variances of the posterior
failure distribution of system by considering the cascading failure dependency and utilizing all

available reliability information throughout the system.

Key words: reliability; hierarchical systems; Bayesian network;
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Table 1 Predetermined parameter values of

failure probability of root nodes

R k=0 k=1
P (X0 =h) 0.97 0.03
P. (X =h 0.98 0. 02
P.(Xg.=h 0.95 0.05
P, (X5 =k 0.96 0. 04
P.(Xg=h) 0. 92 0.08
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Table 2 Predetermined parameter values of CPTs

CPT W E AR k=0 k=1
Pr(X(S.l):k|X(3.2):O) 0. 97 0.03
1
P,(X(3_1>:k X<3_2>:1) 0.75 0. 25
Pr(X(3.6>:k|X(3.7):O) 0. 94 0. 06
2
P,(X(g_(;):k X<3_7>:1) 0.68 0.32
Pr(X(Z.L’):k|X(3.3):Oﬁ _
0.95 0. 05
X =0, X5 =0)
P (Xe.o = /3| X =0,
0. 82 0.18
X =0,Xz5 =01
P. (X :k| X3 =0,
0.79 0.21
X =1,Xi5 =0
P. (X0 :k| Xio =1,
0. 85 0.15
X0 =0, Xi.5 =0)
3
P. (X0 :k| X =1,
0.74 0. 26
X =1, Xai5 =0)
P. (X0 :k| Xap =1,
0.73 0. 27
X =0,Xz5n=0D
P.(Xe.o = k| X =0,
0.71 0. 29
X =1,Xz5=0D
P, (Xe.o :k| X =1,
0. 65 0. 35
Xy =1, X5 =1)
P.(Xe =k| X =0,
1. 00 0
X0 =0, Xa.2 =0
4 Pr(X(Z.l):k|X(2.Z):17
0. 83 0.17
X =05 Xes.2) =0)
else 0 1. 00
P. (X5 = k| X2 =0,
1. 00 0
X6 =0, Xi,n=0)
5 Pr(X<z.3>:/€|X<2.z>:1’
0. 87 0.13
X =0, Xz =0)
else 0 1. 00
P.(Xa,) =k| X =0,
1. 00 0
6 Xz =05 X2 =0)
else 0 1. 00
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Table 3 Calculated values of failure probability of

other nodes

AR k=0 k=
P.(XG» =8 0.9634 0.0366
P.( XG5 =R 0.9192 0.0808
P.(Xeo =R 0.9242 0.0758
P (X = k) 0.9350 0.0650
P.( X =k 0.8385 0.1615
P.(Xan =8 0.7245 0.2755
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Table 4 Simulated results of binary-state test data

R4

R

k=0 k=
Xi 193 7
X 192 8
Xz 194 6
X 192 8
X5 195 5
X6 187 13
X 187 13
Xz 45 5
X2, 47 3
X3 43 7
X 8 2
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Table 5 Posteriors of all nodes of system
W RUSER A B(a, b & R 5310 Bla, b) A S JF %4340 BCas b)
PR
a b a b U R HL a b
X2 7.1 1.4 199. 10 9.40
Xa.a 7.2 1.3 201. 20 7.30
X 7.0 1.6 199. 00 9. 60
X5 7.1 1.5 202.10 6.50
Xan 6.8 1.8 193. 80 14. 80
X 4.0 1.5 3780.75 157. 21 0.1 574.67 24.07
Xz 4.0 1.5 3171.91 270.01 0.1 507.79 41. 35
X 0.5 0.5 319.51 32.98 0.5 205.01 21.74
Xz 0.5 0.5 6335. 84 438. 68 0.5 3215.17 222.59
Xz 0.5 0.5 289. 82 50. 40 0.5 188. 16 32.20
Xa.n 0.5 0.5 220. 60 84.92 0.9 206. 59 78.48
—— Information aggregation of BSHS = - Without information aggregation ---- Ground probability value
T ](}U B L] L) T ] ]6 ~ T T T 4
20F 151 ] 14}
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= 15T z Y 3 gk
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2 201 y
/ y 2r
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80 i ]2
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g S 40 g g 6
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Fig. 4 Comparisons of posteriors of sub-system and system nodes
R6 FRERRGRUMEMIT
Table 6 Posteriors of sub-systems and system
REP ZHREH J5 B HE AR I {H 9520 B AF X 1] RS %/107"
P.(XeH=0) 0.9242 0.9041 [0.8626, 0.9389] 3.814
P (X, =0) 0.9350 0.9353 [0.9268. 0.9432] 0.1753
P. (X5 =0) 0. 8385 0.8539 [0.8044, 0.8972] 5. 642
P.(Xa,=0) 0.7245 0.7247 [0.6714, 0.7749] 6.991
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