Deriving Equations

P (¢ + At) = probability of being
in state S, after Az

P(t+Af)= B(O[1- Y & At]+ Y P(t)h; At

i=j =]
as At =0
(differentiate)
_ B(t+AD)-P(0)
lim v =—Mﬂ;%+gevmi
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Deriving Equations

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

% _ ;Pj(t)kjl AR

cW@_Ep@ - R N
dP, 1(1) EIP (DNimty = Py (2) .Z?Xm_l)j

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

Matrix Notation

LDV S a kA A,
dt ; j 1 1 1 - Pl -
_dfz-l(f) L Yi || B
14 = J=i °
P
M }\'l(m—l) - E }"(m-l)j )“m(m—l) -
dt j=m—1 i Pm |
1 1 1 1 1
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Steady State Solutions
Steady state solution:

_dP(1)
Im———=

0
= 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

\

A = failure rate
OO

u = repair rate
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Steady State Solution

A
Simplex with Repair )
SmolwitRepa G p
olution: W
A W
P, = P =
Cw+A Yu+A

Steady State Availability

P = =lim A(¢ Availability:

1 M + )L oo ( ) \' y
The prob. that
c.8 system is up
3 107"
A=10" = MTTF =1000h A=——
4 107 +10°
w=10" = MTTR=10h
= 0.99 = 99%
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Transient Solution
A

Simplex with Repair 00@

9BO) _ P (1) - P
L= = WR () - 1R(0)

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

dp, (1)
dt

= w(l- F(2)-AR(?)
=-—F(O)(u+A)+u

P(®)+(u+A)F() = isa first order diff. equation
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Transient Solution

P(t)+(u+A)P(t)=n has general solution

u —(u+)i
P(t) = + Ce"
(D) Y e
Get C by setting t=0
n
C=P((0)-
Solution
u u —(u+A
P(t) = +| B(0) - g (1
© 2016 A.W. Krings Page: 9 CS§449/549 Fault-Tolerant Systems — Sequence 9

Transient Solution

with  — oo we get

u u —(u+A)t
P(t) = +| P(0) - (#+)
__u our steady state solution
u+A (steady state availability)
£ (0) i b
1 if B(0) > ey
v
w+A
p . w
1(0) 1fPl(0)<M+x t
0
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