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UNIVERSITY OF MANCHESTER

School of Computer Science

COMP60242: Mobile Computing 2010
Laboratory Assignment 1:  Introduction to OPNET 

OPNET is a complex network simulation package which is widely in research establishments and industry for simulating many aspects of wired and wireless computer networks.  During this assignment, you are expected to familiarise yourself with the OPNET Modeller and to learn how to design, modify and simulate computer networks in OPNET.  There are two parts to the assignment, as presented below.  The way the assignment will be assessed is explained at the end of this document.
PART A: OPNET TUTORIALS (10 marks)
The tutorials listed below are suggested to prepare you for the OPNET assignment given in part B of this document.  It is intended that you undertake these tutorials during the supervised laboratory periods within the first two weeks of the course (or in your own time).  Please begin the assignment as soon as you can.  
The tutorials are 'online tutorials' shipped with OPNET.  You can access them by selecting the Tutorials option from the Help menu once you start OPNET. OPNET uses a web browser to display its tutorials; you may need to allow the browser to show you blocked content! During the laboratory session you should work through the tutorials highlighted below.  If you have time, feel free to try some of the others. OPNET is extremely powerful, but complex and there is limited laboratory time.  Therefore the tutorials selected focus mainly on what is required for the assignment.  Once you get the hang of OPNET you will discover its power to do far more than you have time for in this module. 
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OPNET is available on the Windows machines in the laboratory.
The initial tutorials are NOT found in the main browser window. You must use the contents on the left hand side and find the “Tutorials” section and then click on the “Basic Tutorials”.  We only attempt a subset of the tutorials. Some are basic and some are from the “Modeller only Tutorials”.
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1. Introduction (Should take about 10 mins)
This is a short tutorial introducing the basic concepts of OPNET.  At the end of this tutorial you will have met the building blocks of OPNET models including:

· Process models

· Node models

· Link models

· Packet formats

· The Interface Control Information (ICI) system

2.
Small Internetworks (1 hour)
This tutorial introduces you to building and simulating your own network models.  At the end of the tutorial, you should know the following:

· How to build a simple network topology from Rapid Configuration.

· How to construct network models using the Object palette and define some of the objects’ attributes.

· How to collect object statistics and global statistics.

· How to configure and run a simulation.

· How to view simulation results and compare them.

3. LAN Modelling (1 hour)

This tutorial focuses on the use of LAN models and how to model traffic on the network.  By the end of this tutorial you will have learned how to:

· Configure the object palette.

· Set up application and profile configurations.

· Model a LAN as a single node.

· Specify background utilization that changes over time on a link.

· Simulate multiple scenarios simultaneously.

· Apply filters to graphs of results and analyze the results.

4.
Basic Processes (1 hour)

In the earlier tutorials you learned that a node is made of a number of interconnected process models.  Process models describe how a node behaves.  A process model can calculate statistics as well as represent a network protocol or process running in a node.  By the end of this tutorial you will be able to:

· Create process and node models.

· Define variables, macros and state transitions.

· Run a simulation and collect and analyse some statistics that it generates.

5.
Packet Switching I (1 Hour)

In this tutorial you will learn how to create and simulate a packet switched network.  After you finish, you should: 
· Know how to build a network model.

· Know how to define a packet format and network link model.

· Be more familiar with node models and process models.

· Be able to define your own statistics.

6. Packet Switching II (30mins)

Packet Switching II extends the network that you built in Packet Switching I.  This will involve modifying the models that you previously created.  You will then use the modified model to investigate how expanding the network affects its traffic.  At the end of this tutorial you will have:

· Learnt about logical associations between pairs of transmitters and receivers.

· Had more practice at using the modelling concepts used in OPNET, including the kernel procedures of the process models.

PART B:  DHCP Server Implementation (40 Marks)
Introduction

After having done the OPNET tutorials during the course, you should now have a good sense of what 'process models' are, how to modify them and write your own models.  This assignment is related to the Dynamic Host Configuration Protocol (DHCP).  

DHCP is implemented in OPNET and there is a complex model for IPv6 but you should not look at this – it is far more complex than anything we are asking of you!.
 The objective of this assignment is for you to understand how an implementation of DHCP may be achieved in OPNET.   Therefore we are asking you to implement part of a DHCP system as detailed below. 

It is intended that this assignment should take about 20 hours.  Your tasks are as follows:

Task B1: Draw a state transition diagram (STD) for the DHCP Server and Client

You should do this in the OPNET format, i.e. as if you were going to implement them in OPNET.  Remember to use sensible labels for state transitions and states in order to make it easy to understand.   We have already done the client part for you.  
(17 Marks)

Task B2: Implement a DHCP server in OPNET.  

Implementing a complex DHCP system with many servers, clients and routers would be a time-consuming and complex process. Therefore we are asking you only to produce a very simple implementation where the network consists of just two nodes, i.e. a DHCP server and a DHCP client. You only need to design the DHCP server process model as all other parts of the system such as the client and server node models, the client process model, and all necessary packet formats and protocol layer interfaces are provided at the Moodle COMP60242 website inside the material for “Week 1”:

             http://moodle.cs.man.ac.uk/course/view.php?id=59
Copy these files into your project file directory at P:\op_models. You do not need to alter or submit any of the files provided at this web-site.

Please note the following: 
· On Windows, some of the files downloaded may appear to be MatLab or other types of file. OPNET knows how to work with these files.

· For the implementation of the DHCP server process model, concentrate on responding to the client's requests appropriately.  Ignore updating the server node's internal states such as routing tables, etc.  In order to construct the DHCP server process model, it may be useful for you to look at how the DHCP client is implemented as many of the principles there apply equally to the implementation of the DHCP server.

· For the purposes of the OPNET simulation, the client should start the acquisition of an IP address from the server at 20-seconds.  At 40-seconds the client should reboot and try to re-establish its IP address.  At 50-seconds the client should attempt to renew the lease on its IP address.  Your implementation should respond appropriately to all the three requests.

For this task you are expected to submit an appropriate project file named:

 


your_initials_DHCP_server_proc.pr.m

    (Please use your initials in the file names). 

(13 Marks)

Task B3. Improve the implementation of the DHCP server

Any improvement on the implementation of the DHCP system specified above will be awarded up to 10 bonus marks. 




(10 Marks)

Report

You must write a report for your DHCP Server. This should contain the State Diagram (B1) for your server and the client with brief written documentation of each state and transition. A brief description (B2) of the changes you made to our template code including a description of the methods you have added. Finally, (B3) describe any extras you have completed and how they were achieved.
The report should be in PDF format and must be submitted in both hard (paper) copy and electronically. The report should have a file name:

your_initials_DHCP_2008.pdf

Some Hints

· Study some of the OPNET process models related to layers above the MAC in the protocol stack and try to understand the working principles in these layers.  A good recommendation is to find the node models of any Wlan_mac workstation and study the models around IP, such as UDP, IP_Encap and Application layers.  RSVP (Resource Reservation Protocol) or routing models are not very important here as long as you know briefly what they do.

· The purpose and use of all of OPNET’s built-in procedures is described in the OPNET user manual.  You can get directly to an explanation of each procedure by looking it up in the global index.  It is recommended that you use this to work out what the provided code does.   The user manual is also a useful reference when writing code.  You can reach the user manual via the help menu.  

· Read and understand what DHCP does and how it does it.  For a detailed description of DHCP you may like to refer to the 'Internet Engineering Task Force (IETF) reference document RFC2131.  Any RFC can be found at
                    http://www.ietf.org/rfc/rfc<number>.txt 
So for example DHCP (RFC2131) can be found at

         http://www.ietf.org/rfc/rfc2131.txt
Assessment:

The mark obtained for this laboratory assignment will constitute 20% of the overall module mark for Mobile Computing.   Assessment will be based on two submissions:

· Demonstration: On Thursday 18 February 2010 (during Week 3 of the course) each student will be interviewed and asked to demonstrate that he/she has carried out and understood the tutorials. You will be asked about your state diagram (see below), and invited to demonstrate your DHCP implementation and any completed extras that are working.

· Report: Each student must submit a report describing his/her DHCP implementation. (Deadline: 19 February 2010, midnight).
(This assignment will be marked out of 50 and then scaled to represent 20% of the overall mark for COMP60242)
This script was last edited by Barry on 6th Jan 2010.
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