
Network Performance Analysis and Design 

Problem 1:   

What is the expected number of packets generated in 10, 100, and 1000 sec. for a Poisson 

arrival process with  an arrival rate of λ =10 packets/sec    Using discrete event simulation 

report number of packets generated in 10, 100, and 1000 sec arrival rate with an λ =10 

packets/sec. Use the Extend model:  

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_ 2011/Arrival_Process.mox  

 In this model set  λ =10 packets/sec and change the stop time. Explain why the results 

observed from simulation differ from the predicted values. (See page 628 in the Extend User 

Guide for Sensitivity analysis, this will explain why the Average Interarrival Time box is green; 

User Guide can be downloaded from http://www.extendsim.com/support_manuals.html the 

User Guide is long DO NOT PRINT the whole pdf file.) 

Problem 2:  

Video Multiplexer Analysis: Suppose a packet digital video service statistically multiplexes 3300 

variable bit rate (VBR) high definition video channels onto one fiber with a capacity of 100 Gb/s. 

That is, all 3300 video sources share one buffer with one transmission facility, the system 

includes the buffer and transmission facility . Assume on average the HD video channel uses 15 

Mb/s/channel and video packets are 5000 bits long.  

a) What is the packet arrival rate per channel in packets/sec/channel? 

b) What is the probability the system has no packet to send, i.e., the system is empty? 

c) Find the average number of video packets in the system. 

d) Find the variance of the number of video packets in the system. 

e) What is the system utilization? 

f) What is the average delay for the video packets? 

 

 

 

 



Problem 3:  

a) Confirm your theoretical predictions in Problem 2 parts c) and e) using the Extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_ 

2011/Number_in_System.mox 

b) Confirm your theoretical predictions in Problem 2 part f) using simulation. Use Extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_ 2011/Stat_Mux_Delay 

_model.mox  

Problem 4:  

a) Assume a link capacity of C=10 Mb/s and a packet length of L=10 Kbits. The customer QoS 

requirement that the expected delay be 2.5 ms, i.e., E[T]=2.5ms.  To maintain this QoS the 

arrival rate λ must be less than some maximum;  find the maximum input rate, rin.  

b) Use simulation to confirm that if the arrival rate is set to the maximum input rate, rin then the 

average delay is 2.5 ms. Use Extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_ 2011/Stat_Mux_Delay 

_model.mox  

Problem 5:  

Evaluate the delay vs load characteristics of a statistical multiplexer as a function of the load 

using the following:  

Traffic parameters- average message length is 1.5 kB and the message lengths are exponentially 

distributed. Poisson arrival process; the arrival rate λ varies to change the load.  

System parameters: 

A link capacity of 3.0 Mb/s. 

Infinite buffer 

 

a) Plot the theoretically predicted average delay through a statistical multiplexer as a function 

of the load for a range of loads from 0.1 to 0.95. 

 

b) Use simulation to plot the average delay through a statistical multiplexer as a function of the 

load. Consider a range of loads from 0.1 to 0.95. Select the simulation end time such that about 

2000 packet are observed for a load of 0.1. Use the Extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_2011/Delay_vs_Load_Study_

DB.mox Select the simulation end time such that about 2000 packet are observed for a load of 

0.1. 

c) Compare the theoretically predicted and simulated results. 

 



Problem 6: 

Repeat only the simulation part of Problem 5 only with fixed length packets. Select the 

simulation end time such that about 2000 packet are observed for a load of 0.1.  Compare the 

delays for the exponential and fixed message length cases. 

Problem 7:  

Use simulation to demonstrate the benefits of using a statistical multiplexer to share capacity.  

a) Isolated case: Three isolated systems each serving one customer, each customer generates 

packets at a rate of 500 Packets/sec/customer with an average length of 1000 bits. Each 

customer is given 1 Mb/s capacity. Use simulation to find the average delay. Use extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_2011/Multiple_Lines_Stat_Mux.mox 

b) Shared case: Three customers statistically multiplex their traffic. Each customer generates 

packets at a rate of 500 Packets/sec/customer with an average length of 1000 bits. The 

customers share an output link with a 3 Mb/s capacity. Use simulation to find the average 

delay. Use Extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_2011/One_Line_Three_Sourc

es_Stat_Mux.mox 

Problem 8:  

a) Design a statistical multiplexer with a finite system, i.e., specify the output line rate in b/s 

and system size so the average delay is less than 0.1 ms and the probability of a blocked packet 

is less than .05. Assume the average arrival rate to the multiplexer is 10,000 packets/second 

with an average size of 1000 bits. Assume the interarrival times and message length p.d.f.'s are 

exponential. (Determine the link capacity using an infinite buffer assumption first, and then 

using that capacity, find the system size).   

b) Confirm your design using simulation.  Use Extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_ 2011/Stat-Mux-Finite-

System-Blocking_Delay.mox to. Note you need to run the simulation long enough to see 100 

blocked packets. 

Problem 9:  

A call center has K incoming lines with K customer service representatives answering the calls. 

During the busy hour the call center receives 500 calls each lasting an average of 6 min. How 

many Erlangs of traffic are offered to the call center? 



 

 

Problem 10:   

a) Find the blocking probability for K=9 and 3.75 Erlangs of offered traffic using the Erlang B 

table provided on the class web site, http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/erlang-

table.pdf; you can also check your answer with Westbay Engineers Limited Erlang B Calculator 

@ http://www.erlang.com/calculator/erlb/.    

b) Confirm your answer in part a) using simulation, i.e., use the Extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_ 

2011/Telephone_Model.mox. This model shows the blocking process, it is recommended that 

you experiment with this the model with the animation turned on before running it to generate 

the requested results. You should observe at least 100 blocked calls. 

Problem 11:  

A DWDM system with 50 wavelenghts operating at 100 Gb/s/wavelength connects a file server 

to a compute server. The compute server requests files at a rate of 5 files/sec with an 

exponential interarrival times; the file size is exponentially distributed with an average of 100 

GB.  

a. What is the average service (holding) time in seconds? 

b. What is the load in Erlangs on the DWDM system? 

c. What is the probability that a file request is blocked, i.e., the probability that all the 50 

wavelengths are busy with other file transfers?  

d.  Confirm your answer in part c) using simulation, i.e., use the Extend model 

http://www.ittc.ku.edu/~frost/EECS_563/LOCAL/Extend_Models_2011/Telephone_Model_Gen

eral_num_Lines.mox  This is a general model where the number of lines can be numerically 

entered. Changes to the block diagram are not needed. You should observe at least 100 blocked 

calls. 


