EDA122 and DIT061 Fault Tolerant Computer Systems for DCMAS, D4, E4, Z4, Erasmus,
GU, Graduate students, Tuesday, October 21, 2008. Solutions. Sid 1(4)

1.

a)

There are six error containment regions. Each processor and each communication interface
must constitute an error containment region to achieve maximum reliability of the FTU.

b)

We can model a single node in the FTU using the following reliability block diagram:

CI

o— Processor —e

CI

The FTU, which consists of two nodes, is modelled by the following reliability block diagram:

Node A

Node B

Let IR, denote the reliability of a processor, I2. the reliability of a communication interface, and
R.. the reliability of two communication interfaces. We then obtain:

Ry(t) = et

R.(t) = e

Re(t) =1— (1 — R.)> = 2R, — R? = 2e7 7t — o7 2t
Rioae(t) = Ry - Ree =€ Apt (26_’\ct — 6_2>\ct)
Rero(t) =1 — (1 — Rouode)® = 2Rnode — B2, 4.

c)

For a single communication interface, the rate for a fail-silence violation is (1 — fsc)\.. Let F'
denote the expected time from the start of four communication interfaces to the first fail-silence

violation. .

F = > —4(1—fsc))\ctdt _
/0 ’ 41— fse)he
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2.

a)
A single node in the FTU can be modelled by the following Markov model:

Ap

I

State label = # operational communication interfaces, # operational processors; F = failure.

We obtain the following transition rate matrix

—(2Xc + Ap) 2. Ap
Q: M _()‘c"f_)‘p_’_u) )‘c+)\p
@ 0 —p

and the following system of differential equations

Py () = —=(2Ac+ X)) Pu(t) + pPua(t) + pPr(t)
PL(t) =2XPu(t) — (A + Ay + 1) Pr1(2)
Pp(t) = X\pPur(t) + (A + Ap) Pua(t) — iPp(t).

Let t — oo, and denote lim;_., P;(t) as II;. We obtain

0= _<2)\c + )\p)Hgl —+ /JJHH -+ MHF (1)
0= 2)\01_[21 - ()\C + )\p + H)Hll (2)
0= AIloy + (Ac + M)y — pllp (3)
We also know that

Iy + Iy +1Ip = 1. 4)

From (2), we obtain

2,

1144 1. (5
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From (3) and (5), we obtain

A Ae + A A Ae + A 2\
Iy = 2211 < P11, = 2211 < P <
F p 21 + 11 p 21 TS VS Wy

H21

e A ) F 20 (A A)
(A + Ap + 1)

y;. (6)

From (4), (5), and (6), we obtain

=1, (1 L2 ARt ) 2O+ Ap)>
Ae+Ap + 11 (e + Ay + 1)
e N 1) F 220+ XA + Ay + 1) + 20 (e 4 A)
(A + Ap + 1)
et Xt D)0t Xy )y, i Dy 2

Iy

= 21 8ES
p(Ae + Ap + 1) I
I

=1y = ——F———

T4+ 2
The steady-state availability of a single node is
. 7 2.

lim Appge(t) =y + 11 = —————— [ 1 + ————
00 ae(?) 21 H ,u+)\p—|—2)\c< )\c—i—)\p—l—,u)

u(BAe 4+ Ap + 1)
(L+ 2+ 220 ) A+ A, + 1)

In this problem, we are interested of the steady-state unavailability of a node:

Ap(Ac + Ap + 1) + 2Xc(Ac + Ap) H
p(Ae + Ap + 1) p Ay + 2
3ApAe + A2+ App + 2X2
e+ A+ 1) (e + Ay +2X)

thm Fnode(t) = HF =

Using the expression for the unavailability of a node, we calculate the steady-state availability
of the FTU as
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3.

We denote the place left of the transition tfail as pup, the place right of tfail as pfail, the place
right of tcov as pcov, and the place right of tuncov as puncov. We represent possible markings
of the GPSN using the quadruple (#pup, #pfail, #pcov, #puncov), and obtain the extended
reachability graph below.

1,1,0,0 0,1,1,0

Initial marking

The effects of vanishing markings are then accounted for by modifying the transition rates,
resulting in the following reachability graph:
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