Exam in EDA 122/DIT061 Fault-Tolerant Computer Systems, Tuesday, 2010-08-17
Solutions to problems 1 to 3.
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la)

The FTU can be viewed as a parallel system with three computer nodes:
3

Rsys zl_]i[(l_R(:M):l_(l_RcM)3 :3RCM _3RCM2 +RCM3
i=1

Ry () =e =R (1) =3e " - 3e " +e "

sys

1b)
MTTF =_[Rsys (Hdt = JSe"t —3e +eMdt = [—ée*‘ RS —Lew} =
) ) A2 30,
_3_ 3 1 _18-9+2 11
A 24 34 64 64
Ic)
3A 2-Ac \
O—0CO—O——®
2-M(1-c)
States:

3: Three computer nodes OK
2: Two computer nodes OK, one computer node broken
1: One computer node OK, two computer nodes broken
F: All computer nodes broken

This gives the following equation system:
P'()=P(1)-Q
P =[P P,® RM P(D]

-31 31 0 0
_ 0 -24 2Ac 2A(1-c)
R=l o 0 -1 24
0 0 0 0
We obtain:

P(t) = -34-P;(t)

P/(t) =34-Py(t) - 24 P,(t)

P/(t) = 24c- P,(t) — A+ P(1)
Pe(D)=22(1-¢)-P,() + 2-R (D)

We solve the equation system using Laplace transform:
5-Py(s)~1=-32-Py(s) (1

s-P,(s)=31-P,(s)-21-Py(s) (2)
s-P(s)=24c-P,(s)- 1-P(s) (3)
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From (1), (2) and (3) we obtain:

3()_ +3/1
B (s) = 31 :3,1[ A, B }Z{Azl,gz_l}z 3. 3

(5+24)-(s+31) S+24 s+34 A A) s+24 s+34

2 = 64c 64c
P(s)= P,(s) = -

S+ (s+A4)-(s+24) (s+A)-(s+34)

S+4 s+24 (s+A4 s+34 A A 22 22

1 1 1 1 3c 6¢ 3c
=6C- - - + = - +

L+i S+24 2(s+A) 2(s+3/1)} S+A4 S+24 s+34

The inverse Laplace transform give:
Py(t) = e
P,(t) =3¢ -3¢
P(t)=3c-e”* —6c-e?" +3c-e™

The reliability is:
Rt)=P,(t)+ P, (1) + P (t) =" +3e7* -3e 7" +3c.-e " —6c-e 7" +3c-e™*
=3c-e™+3(1-2c)-e** +(3c-2)-e*

2a) oy A

States: 2 H

2: Two computer nodes OK
1: One computer node OK, one computer node broken
0: Two computer nodes broken

Birth-and-death process:
24

mn,==2.11, (1)
y7,
A 247

H():_'Hl:_z'nz ()
i

1=I1, +I1, + I, 3)

From (1), (2) and (3), we obtain:

2 2
I, (1+2,1+2/1) 1= M=—"2_t— )

oo LA 220+ 20

From (1) and (4), we obtain:
2u
W A2u +24°

1 =
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W +2u
W A2+ 207

- 100p

20 100 + A

States: @

A: Two nodes OK
B: One node OK, one node broken due to transient fault

C: One node OK, one node broken
D: Two nodes broken

A.,) =TI, +11, =

2b)

This gives the following equation system:

P'(ty=P()-Q
IF(t) = [PA Pz Pl Po ]
~24 204 24 0
11004 —(114+1004) 0 114
Q=1 0 1A+ ) 112
0 0 H - u

Lett—>o => P(t)=0, P(t)=II;:

0=-221-T1,+100p -TT5 + p- 11
0=204-TT, - (114 +100)-I1,
0=24-TT, -4+ ) -1, + - 11
0=1124-TTg +11A -1, - u- 11
1=I1, +II; + 11, +1II,

From (2), we get:

_1A+100p
- A OH

I
A 204

From (1) and (6), we get:

(1)
2)
3)
“4)
)

(6)
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_ 2200251008 1 g0 pp oy pp < 121441004
- B B c

11
Hote 20 10u

B (7

From (4) and (7), we get:

I, (8)

2
I, =M-HB 114 (121241004 11, - 13314 +12210/1,u .
u u 10 10

From (5), (6), (7) and (8), we obtain:

2
|_(1A+100 | 1212+100u 13312 +12210;w I, -
204 104 104

1A 410047 + 20407 + 24227 11+ 200407 + 266247 + 24204
B 20Au°

’u-HB =>

B 204u°
10047 +23144°% + 266242 11 + 26624

(1A +1004) - g* +202% + (1214 +1004) - 2 A
Aoy =Ha s +1le = S R 1A + 266201 + 26627 -
B 10047 + 231447 + 2427 u
10047 +23144% + 266222 11 + 26621

B

3. The system is described by the following GSPN model:

pup #\  pdown prepair W

Markings of the GSPN model are represented as (#pup #pdown #prepair). The marking

(0 1 2) corresponds to the event that the system is unavailable.



