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System Reliability Problem

Reliability Problem: To estimate the probability of failure pp

pr=PlxeF)= /W(x)lp(w)dm
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System Reliability Problem

Reliability Problem: To estimate the probability of failure pp

pr =Pz € F) = / (2)I(x)dz
R

Notation:

o 2 € RY represents the uncertain excitation of a system

> x is a random vector with joint PDF 7(x)

e ' C R%is a failure domain (unacceptable system performance)
F=A{z:g(x) 20"}

@ g(z) is a performance function (loss function)
@ b* is a critical threshold for performance

o Ip(z)=1ifze Fand Ip(z)=0ifz ¢ F
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Why is the System Reliability Problem Challenging?

P = / (@) Ip()de, F={z:g(x)>b")
Rd
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Why is the System Reliability Problem Challenging?

pE = /ﬂ'(x)IF(x)dx, F={z:g(x) >0}
Rd

Typically in Applications:

@ We can compute Ir(x) for any z, but this computation is expensive
@ The probability of failure pp is very small, pp ~ 1072 — 107°

e The dimension d is very large, d ~ 103

Consequences:
@ Numerical integration is computationally infeasible

@ Monte Carlo method is too expensive

Idea: To use advanced simulation methods e.g. Subset Simulation
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Network Reliability Problem
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Network Reliability Problem

o Network topology is represented by a graph G = (V, E)
» V ={vi,...,v,} set of all nodes
» E={e1,...,em} set of all links
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@ The network state space is S = {(s1,...,8m) : 0 <s; <1} =10,1]™

Let m(s) be a probability distribution on S, s ~ 7(s)
@ Let u: S — R be a performance function (utility function)
@ The failure domain is F = {s: u(s) < p*} C S

Network Reliability Problem: To estimate the probability of failure px

pr=P(seF)= [ n(s)lr(s)ds
/
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pr = / (s)Ir(s)ds, F={s:u(s) < p*} C[0,1]"
S

Typically in Applications:

@ The number of links m is very large

US Western States Power Grid, m = 6,594 California Road Network, m = 5,533,214
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Typically in Applications:

@ The number of links m is very large

@ The probability of failure pr is very small
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Typically in Applications:

@ The number of links m is very large
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Consequences:
@ Combinatorial exhaustive search methods are not applicable
@ Numerical integration is computationally infeasible

@ Monte Carlo method is too expensive
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Why is the Network Reliability Problem Challenging?

pr = / (s)Ir(s)ds, F={s:u(s) < p*} C[0,1]"
S

Typically in Applications:

@ The number of links m is very large

@ The probability of failure pr is very small

@ The computational effort for evaluating u(s) is significant
Consequences:

@ Combinatorial exhaustive search methods are not applicable

@ Numerical integration is computationally infeasible

@ Monte Carlo method is too expensive

Idea: To use efficient methods developed by the “systems research community”

e.g. Subset Simulation
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Schematic lllustration
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Schematic lllustration

(0,1) Network State Space (1,1)
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Schematic lllustration
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Schematic lllustration
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