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Monte Carlo Simulations: Exercise Session

Exercise 1

Consider the Weibull distribution:

F.(h)=1—-e® ., fit)=opt* e

with «=15,6=1

1.
2.

Sample N=400 values from Jf(7)

Verify whether the obtained distribution provides a good

approximation of the Weibull distribution. To this aim, you are

required to:

A. find the empirical probability density function (pdf) of the
sampled valueini

B. compare the empirical pdf found in 2A. with the analytical
Weibull distribution.

Provide an estimate G of f0+°° tfr(t)dt
Estimate the variance of Gy
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Monte Carlo Simulations: Exercise Session 4

Useful commands

- np.random.rand(N): provides N random numbers sampled from a uniform
distribution in the range [0,1)

- num_samples = matplotlib.pyplot.hist(Y, bins) bins the elements of Y into the
bins defined by bins and returns the number of elements in each counter.
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Monte Carlo Simulations: Exercise Session 5

Sampling random number from Fy(x)

3

F X (x ) | )S(aj Fpltla(g)from Ux(r)

1
i ) R
e,
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Monte Carlo Simulations: Exercise Session 6

Example: Weibull Distribution
- Time-dependent hazardrate /I(t): Pt

cdf: FT(t):P{TSt}Zl_e_ﬁm
df: a
P fr(2)-dt=P{t<T <t+dt}=aft*"'e” -di

« Sampling a failure time T (by the inverse transform)

R=F,(r)=F,(t)=1-e""
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EXERCISE 2
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Monte Carlo Simulations: Exercise Session 8

Exercise 2

Write the MC code for the estimation of the time dependent reliability
and instantaneous availability of a continuously monitored
component with constant failure (1) and repair (u) rates

3-103 h
25-103 Q" g

= YOou can assume a missiontime of 10”3 time units

= You can compute the time dependent reliability and the
instantaneous availability at all times: 0,1,2,3,...1073
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Exercise 2

Estimation of the System Reliability
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EXERCISE 3

Luca Pinciroli, Department of Energy Io,or 3| poLITECNICO

MILANO 1863



Monte Carlo Simulations: Exercise Session 1

Exercise 3

Consider the discrete probability distribution fx (x) in the graph:

1) Identify the value of the parameter A;

2) Compute the corresponding cumulative distribution;

3) Write a Matlab/Python code to sample N=10000 values from fy (x);
4) Verify that the samples are distributed according to fy (x).

fx(x) 1

104 °

6A |
54 °

24 o
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EXERCISE 4
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Monte Carlo Simulations: Exercise Session

Exercise 4

Consider the system in figure composed of three components(A, B, C).
Each component can be in two different health states (1-nominal, 2-
failed) with exponentially distributed transition times between them.
Assuming a missiontime T = 500 hours, write the MC code for the

estimation of:
= The time dependent reliability

= The instantaneous availability. 1 —\

= The estimators uncertainty
- 2 —- 3 }—I

1-10-° h! 2-102 h 5-102
3-102 N 5-102 N 5-103 N
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Monte Carlo Simulations: Exercise Session 14

How to update counters

Estimation of the System Reliability

n

0 1 2

C(QMH T L T I S L e e e T S B e S B e L S T s B B I )
lNIIIIIIIII|||||||||||||||||||||||||||||
N
/V

Lower bound Upper

Estimation of the System Availability

O+ A+ +1 +1 £ +1 +] o+ + Ty
1 I 7« (I O O A O O N L] L]
= rrrrrr e rrrrerrrrr
A Pl T
Lower bound Upper bound Lower bound Upper
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t Start

Start a
simulation of <«

the system life

Flow diagram

\ 74

. Co;nzlsé?nthe | sample the No End N simulation
ys transition time t simulation performed?
transition rate
Yes
Sample the
component Cro mplltJte
performing the esus
transition
Update reliability Update the

and availability

) system state
matrices
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Sampling the time of transition

« The rate of transition of the system out of its current
configuration

e (1,1,1)is:
ALY =) + Mz + AL, + ATLs + AT, + AL

« We are now in the position of sampling the first system transition
time t, by applying the inverse transform method:

|
t1=to—Wln(1—R1)

where R,~ U[0,1)
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Sampling the component performing the Transition

- Assuming that t, < T,,(otherwise we would proceed to the successive
trial), we now need to determine which component has undergone the
transition

« The probabilities of components A, B, C undergoing a transition out of their
initial nominal states 1, given that a transition occurs at time t,, are:

2 A7 ¢
/1(1,1,1) > 1(1,1,1) > /1(1,1,1)
M = 7\114—>2 + }\114—>3 AP = )\113—>2 + }\113—>3 AC = )\g—>2 + )\g—>3

« Thus, we can apply the inverse transform method to the discrete
distribution

| /1A ]'QC /IB C )

: (.1.1) | ' (.11) | (1,1,1) i

«—— A —p A et

| i v | i R.~U[0,1)

|
0
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EXERCISE 5
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Monte Carlo Simulations: Exercise Session 19

Exercise 5

B C

« Components can be in three states and the time of transition from one
state to another is exponentially distributed:

Arrival 1 2 3
Initial
. A(B,C) A(B,C)
1 (nommal) 0 Aoz A3
2 (degraded)] 0 0 ASBL)
. , A(B,C
3 (failed) 2580 255 0
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Exercise 5

« Estimate the reliability of the systemat 7,,.. = 4000
- Estimate the time dependent reliability R(t)
- Estimate the instataneous availability A(t)
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t Start

Start a
simulation of <«

the system life

Flow diagram

\ 74

S Co;nzl:é?nthe . Sample the No End N simulation
ys transition time t simulation performed?
transition rate
Yes
Sample the
component Cromplltjte
performing the esults
transition
4
Ua%dda;i;ﬁgiﬁliltlty Update the Sample the type
) y system state of transition
matrices
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Sampling the time of transition

« The rate of transition of the system out of its current
configuration

e (1,1,1)is:
ALY =) + Mz + AL, + ATLs + AT, + AL

« We are now in the position of sampling the first system transition
time t, by applying the inverse transform method:

|
t1=to—Wln(1—R1)

where R,~ U[0,1)
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Sampling the component performing the Transition

- Assuming that t, < T,,(otherwise we would proceed to the successive
trial), we now need to determine which component has undergone the
transition

« The probabilities of components A, B, C undergoing a transition out of their
initial nominal states 1, given that a transition occurs at time t,, are:

2 A7 ¢
/1(1,1,1) > 1(1,1,1) > /1(1,1,1)
M = 7\114—>2 + }\114—>3 AP = )\113—>2 + }\113—>3 AC = )\g—>2 + )\g—>3

« Thus, we can apply the inverse transform method to the discrete
distribution

| /1A ]'QC /IB C )

: (.1.1) | ' (.11) | (1,1,1) i

«—— A —p A et

| i v | i R.~U[0,1)

|
0
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Sampling the kind of Transition

« Since component B is the one undergoing the transition we need to sample
the new state of component B.

« The probabilities of components B undergoing a transition out of their initial
nominal states 1 given that a transition occurs at time t,, are:

7\?—>2 }\113—>3
AB AB

« Thus, we can apply the inverse transform method to the discrete distribution

Rk - -
: ' )\§—>2 i{_ A?_):g i
| | i
| v ¥ - Iil R~ U[0,1)

ST A
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Monte Carlo Simulations: Exercise Session

Thank you for
your kind attention
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