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tions.

a)  We obtain the following Markov model

OO

State label = number of operational nodes

which yields the following state transition rate matrix

2L 20 0 0
Q=|0 -2»2r 0
0 0 -& A
0 0 0 O

and the following system of differential equations
P's(t) = =2X - Py4(t)
P'o(t) = 2h - P5(t) =2 - Py(t)
P'i(t) = 24 - Py(t) — A - Py(1)
Plo(t) = A -Py(1)

Assuming P(0) = [1 00 0] we solve the equation system using Laplace trans-
forms

s-P3(s)=1 = 21 - P3(s)

$-Py(s)=0 = 24 P3(s) = 2% - Py(s)

$-Py(s)=0 = 24 - Py(s) = - P1(s)

s-f’o(s)—o = k-lsl(s)

Pa(s) = —=— o Py(1) = ¢ 2
3 s+2) 3

- 20 -P _
Py(s) = P88 o 2 p 4y = opte

ST2h (s+20)
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20 Py(s) _ 4).° _ 4 4 4
(S+1) (s+a)s+2n)?  STA SF2A (542

Py(s) =

P,(t) = 4e -4 e

The reliability of the systemet is

R

sys

P3() +P(D) + Py () =

47 =3¢ _ 2nte™H

b)  The MTTF of the system is

MTTF = [Ryydt
0

0

[ 4e ™Mt - [ 3e M dt - | 2nte Mt

0 0 0
Ao2h 20 A

c) Let F denote the expected time to the first node failure.

o]

F = [Py(t)-dt
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tions.

2. The system can be modeled by the following state diagram.

3% 2
Oty (7
M u

States:
0: Three modules working.
1 : Two modules working, one module faulty.
F1: One module working, two modules working, system down
F2: Two modules working, one module faulty, system down

We obtain the following Q-matrix:

—3A 3A 0 0
0 — g —(2X4+p) 200
0 0 —p p
L I 0 0 —p J
Steady-state solution:
tlim Pl(t) = 0
tlim P.(t) = Il

0 = —3/\1_[[) T ,{LHl T ‘U.HF‘Z
0 = 3AI, — (2A + )T,
0 = 2)\1_11 — ILLle
0 = pllpy — pllps
HUpy = Ip2
i i
m = L. =Xn
1 oy F1 = oy llra
20+ p 2N+ p p
I, = I, = ey y
0 3 T T
1 = Mo+ 4 1pq + e
204 p 7
S P ot A S S |
“( ™ o2 o T
- N+ p? 4 3hp + 12)2
- 62
6A2
= gy =

SAp+ p? + 1242
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tions.
2A+pp
M 36 24 7
204+ p p 62
3N 205 + p? 4+ 12)2
2o+ i
BAp + p? 4 12)2
oy 2
1, 3 6
2A 5+ ,[52 4+ 122
3Ap
B+ p? 4 12)2
tlimr_ A(t) = Ip+1L
B 5Ap 4+ pi?
T bAp+p? +12)2
GSPN
Ip
#ip
o0 ‘;I ol Prepair
Pup édu\l‘u‘n
Dup #ad Ddown
i ; . Drepair
[ X ] :I = )
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