Design and Performance Evaluation of TLC Networks 

Prof Nelson Fonseca
Exercises on simulation

These exercises are for you to develop your skills in simulation. For each exercise you must send me:

· A report describing how you did the simulation experiment: the choices you made etc (for instance what was the method used to derive confidence interval)

· The source code

· The graphs derived

You should send the solicited information to nfonseca@ic.unicamp.br. The subject of your e-mail should begin with [DIT]. Do not forget to put this in the subject; otherwise I may delete your e-mail, specially if it comes with a user not in the domain unitn.it. I will acknowledge the receipt of you exercise. The deadline to return the exercises is July 15th, 2007.
First exercise: Write a discrete event driven simulation to simulate a M/M/1 queue. Vary the  utilization and plot the mean delay experienced by customers. The maximum utilization  should be 1. You determine the arrival rate for your exercise.

Second exercise: Write a trace-driven simulator to simulate the arrival of packets to a queue. The trace to be used should be the one on the exercise section of the course web page. You should plot a graph showing the mean delay as a function of the utilization. The maximum utilization is equal to 1.0.
Third exercise: you should run the simulations described below in the simulator ns
1. Write a Tcl script to simulate the following network configuration:


· 4 nodes: n0, n1, n2, n3;

· 3 links: (n0,n2), (n1,n2), and (n2,n3);

· The links have a 5Mbps bandwidth with 2ms propagation delay, and a Drop Tail queue;

· Create a FTP over TCP application. n0 is the source node and n3 is the destination;

· The FTP flow start sending at 0,5 sec and stops at 9 sec; 

· Stop the simulation at 10 sec. 
Question to be answered: You should report the mean delay experienced by the packets
2. Add new traffic sources in the network created in Exercise 1:

· Add a CBR over UDP application (rate = 3Mbps, packet size = 512 bytes) with source at node n0 and destination at node n3;

· Start the CBR flow at 3 sec and stop it at 8 sec.

· Add a CBR over UDP application (rate = 4Mbps, packet size = 512 bytes) with source at node n1 and destination at node n3;

· Start this CBR flow at 4 sec and stop it at 7 sec;

· Monitor the queue for the link from n2 to n3;

Question to be answered: you should explain the difference between the results obtained and the ones obtained in the previous exercise

3. Create a network with the following configuration:



where nodes n0 and n1 are attached to router r0, and nodes n2 and n3 are attached to router r1.  

· Add a CBR over UDP application to node n0 (rate = 5Mbps, packet size = 512 bytes) with destination at node n2;

· Add a CBR over UDP application to node n1 (rate = 5Mbps, packet size = 512 bytes) with destination at node n3;

· Start both the flows at 1 sec and stop them at 51 sec; 

· calculate throughput of each flow.
Question to be answered: you have to report the throughput of each flow
4. Consider the network configuration of  Exercise 3: 

· replace the CBR source at node n0 by an Exponential On/Off source (rate = 100Kbps, packet size = 210 bytes, “on” period = 500 ms, “off” period = 500 ms);

· replace the CBR source at node n1 by a Pareto On/Off source (rate = 100Kbps,  packet size = 210 bytes, “on” period = 500 ms, “off” period = 500 ms, shape = 1,5);

· Check the throughput of each flow.
Question to be answered: you have to report the throughput of each flow.
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