KI NG FAHD UNI VERSI TY OF PETROLEUM & M NERALS
COLLEGE OF COWPUTER SCI ENCES & ENG NEERI NG

COMPUTER ENGINEERING DEPARTMENT
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Problem 1:

A ternary communication channel is shown in figure.
Suppose that the input symbols 0, 1, 2 occur with 0 0
probability 1/2, 1/4, and 1/4, respectively.

a) Find the probability of the output symbols. 1€

b) Suppose alisobserved as an output. What is the

probability that the input was O, 1, 2? (Hint: what is required e £

is P(input = i/output = 1) for i=0,1,2) 2 2
Bonus: 30% - if the channel is modeled the analytical is 1

result is matched to simulation results.

Input Output

Problem 2:
Let Ga(z) be the probability generating function for the non-negative integer valued random
variable N. Prove that the variance of N isgiven by Var[N]=G", D) +G', (D) -[G", OF.

Problem 3:
Let N be abinomial random variable with parameters » and p, i.e. the pmf for N is given by

P =P(N=k)= [Zka(l—p)"_k k=0L....n

Fine the expression for p; as n approaches infinity and p approaches zero such that a = np
remains fixed.
(Hint: Limit of (1-x/n)" = €" as n approaches infinity).

Problem 4:

Suppose that a queueing system isempty at timet = 0, and let the arrival times of the first six
customersbe 1, 3, 4, 7, 8, and let their respective servicetimesbe 3.5, 4, 2, 1, 1.5. Tabulate
the arrival of i™ customer (4;), service duration of i™ customer (z;), departure time of i™
customer (D;), waiting time of i™ customer (7)), total delay time of i™ customer (7;) for i =
1,2, 3, 4, 5; Sketch N(¢) versus¢; and check Little’sformula by computer <N>;, <>, and
<T>, for each of the following three service disciplines:

a) First-come-first-served
b) Last-come-first served
¢) Shortest-job first

Bonus: 20% for each of the partsa, b, and c (i.e. 60% in total) if the results are produced
using code. Note the code has to be correct for any arrival/service sequence and not only for
this particular problem.



