Deriving Equations

P (7 + At) = probability of being
in state S. after A¢

P(t+At)= B(O[1- Y N; At]+ Y P(H)k; At

I#] [#]
as At = 0
(differentiate)
P(+At)- E(?)
lim ~ = =B, A+ 2, B,
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Deriving Equations

With m states => m differential equations
m-1 independent equations

VIR XS

SO S P, RO

J =i J=i
dP (r)
- Ep(t)x(m 1) l(t) E%m 1);
Jj=m—1 Jj=m—1

mt equation 1= Z P (1)
7
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Deriving Equations

Matrix Notation

dR() |1 T_ _ A
p 2 A A w | g
dr | = = -
P
de_l (t) )\'l(m—l) o — 2 }\'(m—l)j )\"m(m—l) -l
dt J=m—1 I Pm |
1 1 1 1 1
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Steady State Solutions

Steady state solution:

dP.(t
lim ) =

0
i—»  dt

Steady state solution = Availability
- set of linear alg. equations rather than linear differential equations
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Steady State Solution

Example: Simplex system with repair
A

@Q j@ L = failure rate
& u = repair rate
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Steady State Solution

A
Simplex with Repair \
Solution: L w v
w
P = P =
Cu+A Lu+A
Steady State Availability
P = = lim A(¢ Availability:
1 M + )\. P ( ) \4 y
The prob. that
C.8 system is up
3 107"
A =10 = MTTF =1000A A = 1 3
y 107 +10°
uw=10" = MTTR =10k
= 0.99 = 99%
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Transient Solution

Simplex with Repair 000

dB@) _ b p
Jf = uhy(¢) - AP (1)

with P (t)+ P(t)=1 we get

dP(1)
dt

=u(l- A()-AR()
=-R@O+7)+u

P()+(w+A)F(?) =W isa first order diff. equation
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Transient Solution

P()+(uw+A)P(¢t)=un has general solution

- —(u+A
P 1) = (u+A)e
(1) pL_I_}¥+Ce
Get C by setting t=0
u
= P(0) -
C= RO~

Solution

u n (ANt
fK0=M+A+(E®%- )eWA>
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Transient Solution

with f — oo we get

R(t)=—— +(P1(0)— - )e-“““f

u+ A u+ A
__u ___our steady state solution
w+A (steady state availability)
£(0) it P(0) > ——
w+ A
.................................................................................................................................................................................................................. M
w+ A
R.(0) ifR(0) <= t

0
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