Fault-Tolerant Computer Systems 2010 Exam Solution 20 October

Exam in EDA122(Chalmers) and DIT062(GU),
Wednesday, October 20,2010, 14:00 - 18:00

Problem 1
l.a

A1+ Ao+ Ny

Figure 1: Markov chain

1.b
An expression for the steady-state safety of the network interface
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1.c

Derive an expression for the reliability of the network interface.

P(t) = P()Q
PO) = [1 0 0 0]
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- 0 0 0 0
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Laplace transform:

L{P'(t) = P(t)Q} = sP(s) — P(0) = P(s)Q
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sPog —1 = —(2)\1 + 2/\2)POK
sPys = MPox — (M +X2)Pys
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Inverse Laplace transform (see, e.g., Mathematics Handbook, pp. 332, L22.):
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= R(t) = POK(t) + PUs(t)
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Problem 2
2.a

There are 6 fault containment regions:
1.Processor 1

2.Processor 2

3.Disk 1

4.Disk 2

5.Bus 1

6.Bus 2

2.b

Availability for the processors

2), Ap

Hp Hp

Figure 1: Processors — Markov chain for A,(¢)

This is a birth and death process (see, e.g., Mathematics Handbook, pp. 440-
441).

Ak—1

Mk
Figure 2: General birth and death process
Ak—1

Pip = Iy 4
Hi
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Using the formulas for a birth and death process, we get:

J— 2)\17
HB — ){“T
Il = ﬁ
y+lp+1Ie = 1
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4 2T 20 ppp + 202
My = 2Appip
12+ 2Appp + 2X2
Ap(t) = II4+1p
2
+2X
Ap(t) = & i

pi + 2Appp + 277
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Figure 3: Markov chain for A4(t)

Aq(t) = Pa(t)+ Pp(t)
P'(t) = P(t)Q  Q transition rate matrix
P(t) = [ Pa(t) Pp(t) Pp(t) Pr(t) ]

Transition rate matrix:

—2)\g 2X\g 0 0
Q - Hd  —Ad—fHa 0O Ad
Hd 0 —pqg 0

0 0 Hd  —fd

Steady-state solution = P’ = [ 0 0 0 O ]

Let
II; = lim Pi(t)
t—o00
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We now have

20 2\ 0 0

~Ad— 0 A

(000 0 0]=[I4 Ly Up Ip ] Zj o o N
0 0 td  —ld

We also now that

We get the following equations:

= =2Xllar + pallp: + pgllp
2Xallar — (A + pa)Upr
—pallpr + pallp

Aallpr — pallp

1

0
0
0
0
II

ar+1p +1p +1Ip

2Xapha
3\apta + 3 + 4N
Ad + fd

Iy, = e
A o, B

12+ Aafta
3Xapd + p3 + 42

=Ilgp =

=1y =

lim Ad(t) = tliglo PA/(t) -l—PB/(t) =1l +1Ip

t—o0
3t + 13

H / H ’ =
At ie 3\apta + 113 + 4N3

Availability of the whole system:

A(t) = Aa(t)Ap(t)

A(t) _ 3Xapatiug l‘;2)+2>‘PHP
BXgpat+pZ+4ANZ p2420, pp+222
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Problem 3

GSPN

\
PCup A Wait N 2 PCrep L

SCup
A9 Wait SCrep

Labeling X and Y




Reachability Graph:




