ECE 655 Homework 4 Solutions

Q3 (Chapter 6). The execution time between checkpoints is t. = NLH + Tgv- If there is a failure
just before a checkpoint is completed, we have lost t. of work. So, the worst-case execution
time is

Twe = kte + Nte

Differentiating with respect to N yields the optimum number of checkpoints:

Qba (Chapter 6). The slack time is ts = D — (T + NT,,). Define t; = NLH + Tov. If tg > t4,
a single point failure cannot cause a deadline miss, no matter when it occurs. On the other
hand, if ts < ty, a deadline miss will occur if more than t; of work is lost: the probability of
this happening, given that exactly one failure has occurred is

t — ts
ty

For convenience, denote by p; the probability of the execution being hit by a total of i
failures. The probability of a deadline miss is

o0
Prmiss = ZpiP(Deadline miss if 1 failures|i failures)

i=1

A lower bound is obtained by using the inequality:
P(Deadline miss if i failures|i failures) > Prob{Deadline miss if 1 failure|1 failure}
for 1 > 1, and an upper bound by

Prob{Deadline miss if 1 failures/i failures} < 1

Thus, a lower bound of the deadline miss probability will be:

t — 1
t

(1—7o)



An upper bound will be:

t] _ts

P1 +1—(po—7p1)

It only remains to calculate p;, i = 0,1. From the laws of a Poisson process, we can
conclude that py = e *e. Now, consider the probability of exactly one failure over the entire
execution. This is the probability that a failure happens sometime during the execution and
that no subsequent failure occurs. Since the execution is broken down into a number of inter-
checkpoint segments and the final segment, we can simply calculate the probability that one of
these segments is hit by exactly one fault and that the others are not hit at all.

The probability, h(t), that a segment of length T is hit by exactly one fault can be calculated
as follows:

h(t) = Prob{Segment hit for 1st time in [t,t + dt]}Prob{No subsequent failures beyond t}
Jt=0

rT
= Prob{Segment not hit before t}Prob{Segment hit in [t,t + dt]}
ut=0

x Prob{No subsequent failures}
T
= J e MAe Mdt
=0
_ e*?\’r (1 _ ef?\’r)

Now, the execution is broken down into N + 1 segments. N of these segments are of length
Ty = w7 + Tov and the last is of length 1, = '. From simple probability, we have

P = ( T )h(’n)ﬂ —h(m))N (1 = h(12)) + (1 = h(11)) (1)

Q7 (Chapter 6). Denote the checkpoints of the top process by CP;, CP,, CP3,CP4, CP5 and
the the checkpoints of the bottom process by CQ1,CQ2,CQ3,CQ4. The consistent recovery
lines are: {CP]) CQ]}; {CP]) CQZ}; {CP1) CQ3}; {CPZ, CQ2}1 {CPZa CQ3}1 {CP3) CQZ}: {CP3) CQ3}1



{CP4, CQ3} and {CP5, CQ4}.

Q2 (Chapter 5). First, note that if mpqq < 7isop, We obviously must set o« = L. So, let us
consider the case Tyqq > Tstop- The probability of a bad output falling inside the acceptable
interval is . The probability of a good output falling outside the acceptable interval is

ol —e*“LdX: 1—enL

JL uefwc e Ho _ e*HL

Given that q is the probability of producing a bad output, we have the expected cost as

e Hx e“L>

x x
C(x) = Toaa A7 + Tstop (q (1 - _) t0—a———x

L L

So, find « such that C'(«x) = 0: this can be shown, by calculus, to be given by

1 1 (Q("Tbad_'nstop)(1 - euL))
n
|>l7'l75‘cop(1 —q)L

It is easy to check that C”(«) > 0, thus meeting the requirement of a minimum.

Q4a (Chapter 5). We want to calculate Prob{A|B}. Based on the conditional probability formula,
we have:

Prob{A N B}

Prob{A|B} Prob((B]

Prob{B|A}Prob{A}
Prob({BN A}+ Prob({BnN C}

Let us look at each of the terms in this expression. Clearly, Prob{B|A} = 1. As for Prob{A}, the
best estimate we have is that this is equal to p. To calculate Prob{B N A} and Prob{B N C}, we
will need to invoke the conditional probability formula once more:
Prob{BN A} = Prob{B A}Prob{A}
=7
Prob{BNC} = Prob{B|C}Prob{C}

= e*},Ltq



Once again, we are using the best estimates we have for Prob{A} and Prob{B}. Substituting
back into the expression for Prob{A|B}, we have:

oy
Prob{A|B} = e



