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Problem 1
In an M/G/1 queue let Tn denote the departure time of the nth job and let Xn := X(Tn+)
denote the system size right after such times. Show that Xn+1 = Xn − H(Xn) + Yn+1, where
Yn denotes the number of arrivals during the nth customers service time and

H(X) =

{
1 if X > 0
0 if X = 0

.

Obtain the Pollaczek-Khinchin formula

Lq =
λ2σ2 + ρ2

2(1− ρ)
(standard notations from class)

by squaring both sides, taking expectations and investigating the limit n →∞.
(You may use without proof that limn→∞EXn = EX < ∞ and limn→∞EYn = EY < ∞, where
X and Y are the random system size and the random number of arrivals during one service in
steady state. Also, observe that H2(X) = H(X) and XH(X) = X.)

Problem 2
A cellular radio telephone system serves a given geographical area with 2m telephone channels
connected to a single switching centre. There are two types of calls: radio-to-radio calls, which
occur with a Poisson rate λ1 and require two radio channels per call, and radio-to-non-radio
calls, which occur at a Poisson rate λ2 and require one radio channel per call. The duration of
all calls is exponentially distributed with mean 1/µ. Calls that cannot be accommodated by
the system are blocked. Give formulas for the blocking probability of the two types of calls.

Problem 3
Persons arrive at a Xerox machine according to a Poisson process with rate 1 per minute. The
number of copies to be made by each person is uniformly distributed between 1 and 10. Each
copy requires 3 seconds. Find the average waiting time in the queue when
(a) each person uses the machine on a FCFS basis
(b) Persons with no more than 2 copies to make are given non-preemptive priority over the
other persons.

Problem 4
For a D/M/1 queue, compute Ls for ρ = 1
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