
CS5229 (2012/2013) NS3 Assignment 

Due date: November 15, 2012 

1. Introduction 
The objective of this assignment is to give you hands-on experience in working with NS3 by running a 

few scenarios, changing some parts of the existing modules and implementing new features for NS3. 

The major focus of this assignment is on studying the performance of TCP by applying different queue 

management (QM) algorithms. Although, both TCP and QM have been implemented in several different 

versions, you only need to consider Tahoe, Reno, NewReno [1] for TCP and Droptail and RED [2] for 

queue management algorithms. You are advised to stick with the requirements of this assignment and 

deliver exactly what you are asked for. 

2. Learning Objectives 
The three major objectives of this assignment are: 

 Learn how to use NS3 to simulate different network scenarios 

o Study the performance of the three stated TCP protocols together with the two queue 

management algorithms 

 Learn how to change the existing NS3 modules 

o Modify the existing RED module 

 Learn how to implement and add your own protocols to NS3 (optional) 

o Add your own implemented queue management algorithm to NS3 

3. Simulation Tasks 
You will see one section for each aforementioned objective in this assignment. Please keep this format 

for your report as well. You will be given some instructions on how to write and organize your report. 

A. Simulating the performance of TCP/QM using NS3 

a. Compare different versions of TCP in terms of round-trip-delay end-to-end delay and 

throughput 

You are going to simulate three network scenarios in this section. The topology that you need to use is 

given in Figure 1. Use it for all three simulations. As it is shown, there are four flows from four sources to 

a common destination. The first three flows (S1-D1, S2-D1, S3-D1) are TCP flows and the fourth flow (S4-

D1) is a UDP flow. The UDP flow will consume network resources more aggressively than the TCP flows. 



You are going to measure two metrics in the network: the average throughput of the aggregated TCP 

flows and average end-to-end delay round-trip-delay of the aggregated TCP flows. Please find the 

network configuration parameters from Table 1 for the scenarios that you need to simulate. You are 

asked to include the following subsections in your report using the results obtained from your 

simulations.  

 

 
Figure 1: Topology of simulation for part A.a 

 

Scenario TCP type 
Queue 

Management R1 

Queue 
Management 

R2 

Buf. Size 
(packets) 

TCP packet 
size 

UDP 
packet size 

Duration 
(sec) 

1 Tahoe DropTail DropTail 40 1KB 1KB 100 

2 Reno DropTail DropTail 40 1KB 1KB 100 

3 NewReno DropTail DropTail 40 1KB 1KB 100 

Table 1: Simulation configuration for part A.a 
 

1. For each scenario, plot the average throughput and average end-to-end delay of the aggregated 

TCP flows when the rate of the UDP flow increases from 50kbps to 500kbps (in 10 steps, with 

the step size of 50kbps). So you should have two figures in your report for this section. Each of 

them has three curves. One figure should plot the average throughput of aggregated TCP flows 

and the other figure should plot the average end-to-end delay for aggregated TCP flows. 

2. Compare three curves in the two figures and discuss your findings. 

3. Explain how these two figures, i.e., the throughput and delay curves, are related. 

b. Combination of different TCP and RED 

In this section you are supposed to change the queue management algorithm of the first router from 

DroptTail to RED. The details of RED configuration are shown in Table 2. In all parts of the assignment 



use regular RED; neither use gentle RED (described here) nor adaptive RED (described here).  Also please 

disable the wait option in RED. 

 

1. For each scenario, plot the average throughput and average end-to-end delay of the aggregated 

TCP flows when the rate of the UDP flow increases from 50kbps to 500kbps (in 10 steps, with 

the step size of 50kbps). You should have two other figures in your report for this section. Each 

of them has three curves. One figure should plot the average throughput of aggregated TCP 

flows and the other should plot the average end-to-end delay for the aggregated TCP flows. 

2. Compare three curves in both figures and discuss your findings. 

3. Compare the combination of different TCP with different queue management algorithms. 

Compare the throughput and delay curves in this part with those of Part A.a. What can you 

conclude from these different figures? 

4. Change the queue management algorithm of R2 to RED, repeat the simulations and do step 1 to 

3 again for your new results. Are there differences between the two sets of figures? Why? 

Remark: in NS3 queue management algorithm of a router is defined at the time of defining the link that 

is connected to that router. 

Scenario TCP type 
Queue 

Management R1 
Queue 

Management R2 
Buffer Size 
(packets) 

TCP packet 
size 

UDP packet 
size 

Duration 
(sec) 

1 Tahoe RED 
(Minth=5,Maxth=25) 

DropTail 40 1KB 1KB 100 

2 Reno RED 
(Minth=5,Maxth=25) 

DropTail 40 1KB 1KB 100 

3 NewReno RED 
(Minth=5,Maxth=25) 

DropTail 40 1KB 1KB 100 

Table 2: Simulation configuration for part A.b 
 

c. Different configuration of RED 

In this part you are supposed to change the RED configuration parameters and study the effect of the 

configuration on the network performance in terms of average throughput and average end-to-end 

delay. Although you are supposed to use the same simulation topology depicted in Figure 1, you need to 

create more TCP flows. You need to setup eight TCP flows from four sources to a common destination, 

with each source attached with two TCP flows. There is no UDP flow in this scenario. 

The first part of the study is related to the effect of the Minth and Maxth thresholds on the performance. 

In this part, you make the threshold interval (Maxth - Minth) constant. In different scenarios, you need to 

move the threshold interval. As you can see in Table 3, there are five pairs for Minth and Maxth.  

1. Plot the average throughput and average end-to-end delay of aggregated TCP flows versus Minth 

when Minth is changed based on the settings in Table 3.  

http://www.icir.org/floyd/red/gentle.html
http://en.wikipedia.org/wiki/Random_early_detection


2. Discuss how the movement of threshold interval affects the network performance. 

 

Scenario TCP Type 
Queue 

Management R1 

Queue 
Management 

R2 

Buffer 
Size 

(packets) 

TCP packet 
size 

Duration 
(sec) 

1 NewReno RED 
(Minth=5,Maxth=7) 

DropTail 40 1KB 100 

2 NewReno RED 
(Minth=9,Maxth=11) 

DropTail 40 1KB 100 

3 NewReno RED 
(Minth=13,Maxth=15) 

DropTail 40 1KB 100 

4 NewReno RED 
(Minth=17,Maxth=19) 

DropTail 40 1KB 100 

5 NewReno RED 
(Minth=21,Maxth=23) 

DropTail 40 1KB 100 

Table 3: Simulation configuration for part A.c (move threshold interval) 
 
The second part of the study is related to the effect of increasing the threshold interval. In this part, you 
make Minth constant and increase Maxth in different scenarios. You need to choose the values for Maxth 
shown in Table 4. 

1. Plot the average throughput and average end-to-end delay of aggregated TCP flows versus 

threshold interval (from 2 to 10 in five steps with step size of 2) when Maxth is changed based on 

Table 4.  

2. Discuss how the increase of threshold interval affects the network performance. 

Based on the two recent studies discuss how threshold affect the network performance.  

 

Scenario TCP Type Queue 
Management 

R1 

Queue 
Management 

R2 

Buffer Size 
(packets) 

TCP packet 
size 

Duration 
(sec) 

1 NewReno RED 
(Minth=5,Maxth=7) 

DropTail 40 1KB 100 

2 NewReno RED 
(Minth=5,Maxth=9) 

DropTail 40 1KB 100 

3 NewReno RED 
(Minth=5,Maxth=11) 

DropTail 40 1KB 100 

4 NewReno RED 
(Minth=5,Maxth=13) 

DropTail 40 1KB 100 

5 NewReno RED 
(Minth=5,Maxth=15) 

DropTail 40 1KB 100 

Table 4: Simulation configuration for part A.c (increase threshold interval) 
 

B. Modify the NS3 core 
The aim of this section is to give you the chance to understand NS3 implemented modules and the skill 

to modify them. Therefore, you are supposed to modify the already implemented RED module and 

compare RED with your own implementations. What you need to do is to apply the packet-marking 

probability functions given in fig. 2 to the regular RED module and run your simulation. The new versions 

of packet-marking probability functions are a combination of linear, concave and convex functions 



instead of linear function for calculating pb. As depicted in Figure 2, version 1 treats like the regular RED 

for the avg value between Minth and (Minth+Maxth)/2.  After this point there is a concave function for the 

avg between (Minth+Maxth)/2 and Maxth. Other versions also are some combinations between linear 

(regular RED function), concave and convex functions.  

  You can use any kind of concave or convex function. 

1. Implement four different versions and compare them to the regular RED  

2. Which version is better than regular RED and which one is worse?  

3. Is there any special situation that a version outperforms the regular RED?  

Do not limit yourself to the configuration made by us in previous sections. Try new topologies with 

different bandwidth, link delay and so on.   

You can use the file provided at /ns-3.15/src/network/utils/red-queue.h and /ns-

3.15/src/network/utils/red-queue.cc to begin your job. 

 
 

 
 

 



 
Figure 2: Packet-marking probability  

C. Add your own protocol to NS3 (Optional) 
Now it is time to develop and add your own protocol into NS3. You should design a new queuing 

management algorithm, describe your idea in the report, implement it and then compare it with regular 

RED. Your queuing management algorithm controls the queue size in a way that queue size does not 

exceed the buffer size. If the queue size exceeds the buffer size, it leads to lots of dropped packets and 

perhaps TCP global synchronization. In addition, queue size should not stay zero otherwise it causes a 

huge degradation in throughput. Also less queue size fluctuation is desirable because less fluctuation 

bounds the jitter. So far, many researches have been conducted to improve the RED’s performance and 

we encourage you to use their idea and cite the papers. 

4. Notes 
1. Using simulation has many advantages. However, to get valid results from a simulation study 

you should consider different things. For example in part A.a of this assignment if you change 

the start times of different TCP flows, you will get different results for throughput and delay.  By 

getting average from the results with different flow start time, you can decrease the effect of 

flow start time in your results. However, changing start time of flows by hand is difficult and 

time consuming. If you use a random number between zero and one as the start time of TCP 

flows, you need to find a way to command the computer to generate different random numbers 

for different runs. Otherwise you will get the same results for all simulation runs. To tell the 

computer to generate different random numbers for different runs you can use different seeds. 

Seed is used by Random Number Generator to make random numbers.  A Random Number 

Generator is responsible for generating random numbers. You can find more information here. 

2. You are required to repeat the simulation 20 times with different seeds for the random number 

generator, get the average and then plot the required figures. Make this process automatic as 

much as possible. For example, we prefer a script that does the simulation, get the average and 

show the requested figures. You may use any scripting language such as awk, shell scripts, Tcl, 

Perl, Python etc. You may use any tool you like to plot the figures such as gnuplot, Microsoft 

Excel, Matlab, xgraph or any other tool. 

http://en.wikipedia.org/wiki/Random_number_generation


3. As it is mentioned in the first note, you should use a random number between zero and one as 

the start time of each flow. Then in the scenarios such as part A.a which does not have a source 

of randomness you will get different results with different seeds. In contrast, you will get 

different results with different seeds for other parts of the assignment even with the same start 

times. It is due to the fact that RED uses random numbers and different seeds cause different 

results. 

5. Deliverables 
 Submit a report with maximum length of 10 pages, including figures and everything. You are 

welcome to do your own related investigations that give you more insight about the assignment 

and add them to your report. However you should stick to the page limit of your report. The 

report should be in the ACM Large Format Single Column. You can find Microsoft Word format 

here and Latex format here. 

 Send a zip file and put your matric number as its name. The zip file should include one readme 

file, your scripts and your implemented code. In the readme file, you are supposed to describe 

how your TA can use your script to get the same results that you plot in your report. The zip file 

should not contain your figures. Instead, your scripts should generate them when the TA 

executes the scripts.  

6. Submission guideline 
The deadline for your assignment will be on November 15, 2012 in class. Deliver a hard copy of your 

report at the class. Also You are supposed to email a soft copy of the report and the zip file (described 

before) to saeid@comp.nus.edu.sg with “NS3 Assignment” title on November 15, 2012. There is penalty 

for late submission. By one day delay you will lose 30% of the mark. By two days delay you will lose 50% 

of the mark. We will not accept any submission after 17 of November 2012. 

7. Assessment 
Your assignment will be evaluated based on both your report and your code and scripts. The criteria for 

evaluation are:  

 Correctness of your implementation, simulations and results (60%) 

 Your analysis of your findings (30%) 

 Automation of your codes (10%) 

8. Useful Links 
 NS3 installation 

http://www.acm.org/publications/word_style/ACM-large-format-v5.zip
http://www.acm.org/publications/latex_style/acm-large-v1-1.zip
mailto:saeid@comp.nus.edu.sg
http://www.nsnam.org/wiki/index.php/Installation


 Download and manual page of NS3 (homepage) 

 Configure NS3 in eclipse 
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