TELCOM 2130 Fall 2011        Homework 7
1.  Consider a four node open queueing network. If the external arrival rate to each queue is given by = [ 4, 3, 2, 1] , the service rate at each queue is given by  the routing matrix is given below
                 
[image: image1.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

0

25

.

35

.

1

.

3

.

0

2

.

2

.

75

.

1

.

0

0

2

.

0

1

.

0

R


a) Draw the queueing network, including traffic leaving the network.
b) Determine the total flow  at each queue
c) The joint probability P(n1 = 2, n2 = 2, n3 =1, n4 = 2) 
d) The average delay in the network WN

2. Consider the simple open network model of a central processor unit below. Jobs arrive externally to the CPU according to a Poisson process with rate . The jobs require an exponentially distributed amount of service from the CPU with rate , then with probability  p they are finished and exit the processor.  However a fraction (1-p) of the jobs  require I/O information with an exponentially distributed amount of time with rate . After getting the required I/O data, the jobs rejoin the CPU queue for additional processing. 
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(a) Determine the mean arrival rates to the queues  as a function of  and p 
(b) Determine the conditions for stability 

(c) Determine an expression for the mean total time in the network model WN 
3. Consider the closed queueing network below with K = 4 customers and 1 = 1,  2  =.05, and 3  =0.25    
    a) Using Buzen’s algorithm determine G(K,M) 
    b) Find the effective arrival rate at each queue.

    c) Determine the average number in system at each queue L1, L2, L3   

    d) Find the average delay in the network WN
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4. Consider a multi-rate circuit switched link with K =2 types of traffic and C total basic bandwidth units. Traffic arrives to the link according to Poisson processes with rates  1,  and 2  respectively.  Each stream requires m1 and m2 basic units of bandwidth and has holding times 1, and 2, respectively. The link implements a technique called trunk reservation where class K= 1 traffic has a reserved amount of  basic bandwidth units  equal to r m1 where r is the reservation parameter.  

(a) For the case of C = 6, r = 1, m1 =1, m2= 2, draw the two dimensional state transition diagram.  (b) Determine the normalization constant G and the blocking probabilities of each traffic type when 1 = 2, 2   = 1, 1 = 1 and 2  =2  

(c) Compare the results of (b) with the case of  r = 0 (i.e., no trunk reservation).
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