Solutions to Problem 1.

a. State space: M ={0,1,2,...} < number of customers in the hair salon

5 ifi=0,1,2,3

Servicerates, y; =6+ (i—1)4 fori=12,...
0 ifi=4,5,...

Arrival rates, A; = {

Note that the system will never reach states 5,6, 7, ..., so the service rates ys, y¢, 47, . . . are not relevant.

b. First, determine steady-state probabilities:
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Expected number of customers in salon:

€= jmj~0(0.41) +1(0.34) +2(0.17) +3(0.06) + 4(0.02) = 0.94 customers
=0
c. Effective arrival rate:

Aeff = Z Ajm; = 4.9 customers/hour
=0

By Little’s law: expected waiting time (includes customers who reneged):

e 0.94 .
w = — = —— ~ 0.192 hours = 11.51 minutes
det 4.9

Solutions to Problem 2.

a. M/M/5 queue with arrival rate A = 6 pairs/hour and service rate y = % pairs/hour (based on an average court
use rate of 40 minutes or 2/3 hour).
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Note that if you use 7y ~ 0.01 instead, you will get very different answers: 715 ~ 0.0853 and £, ~ 1.71.
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Wy = 16 " 0.37 hours = 22 minutes

e. Now we model the system as an M/G/5 queue with a service time that is Uniform [%, %] We can use Whitt’s

approximation
N €q t+ €
Wq = 5 Wy

together with the result from part d, since the mean service rate remains the same:

&, = 1, since the interarrival times are still exponentially distributed
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Therefore,

1+ 4is .
Wq = 2 Wq = %wq ~ 0.19 hours = 11.4 minutes

Solutions to Problem 3.
Model as an M/M/oco queue with arrival rate A = 12 and service rate u = 4.

Let L = a random variable representing the number of call in the system in steady-state. Since this is an M/M/oco queue,
L is a Poisson random variable with parameter % =3.

We want to find the smallest value of ¢* such that Pr{L < ¢*} > 0.99, or equivalently:
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By trial-and-error (starting with ¢* = 1 and increasing c* by 1 until the above expression is true), we find that ¢* = 8.



