
Homework 1EE/TE 4367: Tele
ommuni
ations Networksnote: Please, 
omplete the following table and keep re
ord of your assignment number.First NameLast NameStudent IDAssignment # 0Exer
ise 1. Customers arrive at a fast-food restaurant at a rate of 5 per minutes and wait to re
eive theirorder for an average of 5 minutes. Customers eat in the restaurant with probability p = 0:6 and 
arry out theirorder without eating with probability 1� p = 0:4. A meal requires an average of 20 minutes to be 
onsumed atthe restaurant.A) What is the average number of 
ustomers in the restaurant? [pt. 10℄.Exer
ise 2. Consider the open network of queues shown in Figure 1. Customers enter the network at rate
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Figure 1: Open queueing network.� immediately rea
hing queue 1. Customers leaving queue 1 will 
hoose queue 2 with probability p, and queue3 with probability (1� p). All 
ustomers leaving queue 2 return to queue 1. Let N1, N2 and N3 be the averagenumber of 
ustomers in queue 1, 2, and 3, respe
tively.A) What is the expe
ted total time spent in the system by a 
ustomer (de�ned as T )? [pt. 10℄.B) What is the expe
ted time spent in queue 2 by a 
ustomer visiting the queue only on
e (de�ned as T2)?[pt. 10℄.Exer
ise 3. Consider the open network of two queues shown in Figure 2. Customers enter the network at
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p qFigure 2: Open queueing network.rate � immediately rea
hing queue 1. Customers leaving queue 1 will either 
hoose queue 2 with probability(1� p), or return to queue 1 with probability p. Customers leaving queue 2 will either depart from the systemwith probability (1� q), or return to queue 2 with probability q.1



A) Compute the average number of times the same 
ustomer enters queue 1 [pt. 10℄.B) Assuming that ea
h time a 
ustomer enters queue 1, it will stay in the queue for an average time of T (1)1(in
luding both waiting and servi
e time), 
ompute the average number of jobs in queue 1, i.e., N1 (notethat the same 
ustomer may enters queue 1 multiple times, but in this question T (1)1 represents the averagetime spent in the queue during one single visit to the queue) [pt. 10℄.C) Assuming that the average number of jobs in queue 2 is N2, 
ompute the average time a 
ustomer spendsin the entire network of queues, i.e., the time elapsed from the moment the 
ustomer enters queue 1 forthe �rst time and the moment the 
ustomer leaves the se
ond queue and de
ides not to return to queue2 [pt. 10℄.
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