Name : Noraini Nazaruddin
Matric No.: WEK 020172
Supervisor: En. Abdullah Gani
Moderator: Dr. Ling Teck Chaw

Title : Design and Develop a Generic
Cut-Through Switch






address. Ethernet switch architectures are modeled from crossbar approaches.
Dummy packet is use for packer generator. The expected outcome for this project
is a simulator that show how cut-through switch work and a graph that show the

ratio of frames dropped.
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1.3 Statement of Problem

Packet loss during transmission in network will increase network traffic

because the packet will be transmitting again.

Slow transmission of packet can add latency and delay that will be effect

network performances

High utilization of bandwidth can make congestion on network

Wasting the use of buffer will needed buffer management



1.4

Aim and Objectives

The objectives of this project are listed below:

The main aim and objective of this project is to design and develop a
generic cut through switch model.

To understand how cut-through method is applied while transmitting
packet from origin port to its destination port.

To analyze the performances of cut -through switch.

Use Discrete Event Simulation to building up models to observe the
time based (or dynamic) behaviors of a system.

To develop a cut-through switch by using Java that based on object-

oriented approach.









1.7

Limitation

Time constraints - the length of project and the time given to complete
this project is not enough as the project need more time to study and
analysis.

There are few of resources and information about this project. The
existing system also hard to find. It’s needed more knowledge, reading,

and analysis to know how to build the tools.

Environment constraint — the project is focused on Ethernet switch



1.8  Expected Outcome

The expected outcomes for this project is

e Show how switch is modeled for transmission of packet from input port
to output port in network

e Obtained the rate of packet loss during transmission of packets to output
port.

e The information of each packets that are generated by traffic generator
such as time arrival, source and destination MAC address, input and

output port, buffers current and balance size and which frame is dropped.









d) Chapter 4 — System Analysis
The System Analysis chapter elaborates on the functional and non-
functional requirements of the project and the hardware and software needed to

build the system.

e) Chapter 5- Design
This chapter presented the physical and logical design of the project. UML
model such as Use Case, State, Class and Sequence Diagram will be presented

and discussed.

) Chapter 6 — System Implementation
This section discusses about how the system was implemented. It includes

about the programming language used, some of the coding, and the coding style.
g) Chapter 7- System Testing

This chapter discusses about the testing that was done throughout the

whole project.
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h) Chapter 8 — System Evaluation & Conclusion

This chapter includes about the evaluation of the system which includes

objectives achieved, system enhancement, problems faced, and discussion

1.10  Chapter Summary

Hopefully this project will be a stepping stone for those who want to

enhance the project.
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CHAPTER 2: LITERATURE REVIEW

20  Chapter Introduction

This chapter presents the overall study of Etht;met switch architecture.

This chapter will begin with the importance of switching in networking .The
functional and non functional of a switch will also be explained.

Going on, the chapter will discuss about cut through switch method. Finally

the existing switch will be discussed and analyzed.

2.1  Switching
Switching directs network traffic in an efficient manner - it sends
information directly from the port of origin to only its destination port. It manages

network traffic by reducing media sharing.

2.2  Switching Technique
There are three types of switching technique:-
i) Circuit Switching
if) Packet switching

iii)  Message switching
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contains in a network frame and control how device share communication on the

same network.

2.4  Switch Operation

LAN switches rely on packet switching. The switch establishes a
connection between two segments and keeps the connection just long enough to
send the current packet. Incoming packets, which are part of an Ethernet frame,
save to a temporary memory area. The temporary memory area is a buffer. The
switch reads the MAC (Media Access Control) address that is in the frame header
and compares the address to a list of addresses in the switch lookup table. In a
LAN with an Ethernet basis, an Ethernet frame contains a normal packet as the
payload of the frame. The frame has a special header that includes the MAC

address information for the source and destination of the packet.

2.5  Switching Method

Two types of architectures of switching: cut-through and store-and-forward.
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2.10.2 Crossbar Switch

This type of switch has an internal grid with which the input ports and the
output ports cross each other. When the switch detects a packet on an input port,
the switch compares the MAC address to the lookup table to find the appropriate
output port. The switch then makes a connection on the grid where these two

ports intersect.

ll'lPlJt 4

o of
Output
Figure 2.4: Crossbar Switch
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2.10.3 Shared Bus

Input Output
o WP, | SR
O =» —0

Figure 2. 5: Shared Bus Switch

Time-division multiplexed buses are example of this approach. Packets are
sequentially broadcast on the TDM bus in a round-robin manner. At each output,
address filters pass the appropriate packets to the outﬁut buffers, based on their
routing tag. A switch with this configuration dedicates a memory buffer to each
port. There is an application-specific integrated circuit (ASIC) to control the

internal bus access.

2.11 Buffering

Three types of buffering techniques are used in switch architectures. They

2.11.1 Input buffering : Frames are buffered at each input port. So the
incoming frame is stored in the buffer as it is received. This is

helpful in situations when more that one station is trying to send to

24






2.11.2 Output buffering. This solves the problem of head-of-line
blocking as frames received are forwarded to the destination, and
buffered in output buffer if the output port is busy. Common buffer
pools may be used where multiple output streams may be buffered
in a common memory space. Fast memory with multiple access is
required in this case. Output buffer is useful when the traffic to a
destination port is heavy. Problem might occur when one station is
sending heavy load to a destination port, then other stations
sending to the same destination port may be denied access. So this

is not a fair method.

Figure 2.7: Output-buffered Switches
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2.11.3 Path buffering. Both of the above problems can be avoided with

this method as separate buffers exist for each input and output port

pair.

i

)
i

04

Figure 2.8 : Path buffering

2.12 Discrete Event Simulation

Simulation is the technique of a building a model of a real or proposed
system so that the behaviour of the system under specific conditions may be
studied. One of the key powers of simulation is the ability to model the behaviour

of a system as time progresses.
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During stimulation, all data is evaluated according to pre-set levels of
confidence and accuracy using the statistical library Akaroa. Transient network
behavior can also be evaluated with MINStimulate, that is useful for studies of the
fine grain time-dependent performance, especially when observing traffic that
changes with time. The presented tools allow for evaluating various network
configurations under different traffic conditions. Therefore, one can easily

establish knowledge whether a particular network design suits a task at hand.

2.14 Chapter Summary

The overview of fundamental concept of project has been presented in this
chapter. More reading and analysis is needed to implement this information into

my project.
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5. Encourage the growth of the OO tools market.
6. Support higher-level development concepts such as collaborations,
frameworks, patterns and components.

7. Integrate best practices.

3.4.2 UML Diagrams

Use Case Diagram:

An actor is represents a user or another system that will interact
with the system. A use case is an external view of the system that
represents some action the user might perform in order to complete
a task. A use case diagram displays the relationship among actors

and use cases.

Class Diagram:

Class diagrams are used to describe the types of objects in a system
and their relationships. Class diagrams model class structure and
contents using design elements such as classes, packages and
objects. It also displays relationships such as containment,

inheritance, associations and others.
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Sequence Diagram:

The Sequence Diagram describes messages exchanged between

classes to accomplish tasks.

State Diagram:

State Diagrams model the dynamic behavior of a system by
showing the various states that an object can get into and the

transitions that occur between the states.

3.5 Rational Unified Process

The Rational Unified Process has been design with techniques similar to
techniques that are used to design software. Especially, the process has an
underlying object-oriented model, using Unified Modeling Language UML. The
Rational Unified Process divides a development cycle into four phases. The

phases are:

e The inception phase
¢ The elaboration phase
¢ The construction phase

e The transition phase
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3.5.1 The Inception Phase

In this phase, a basic use case model, project plan, initial risk assessment
and a document that generally describes the project (the core project

requirements, constraints and key features) are realized.

3.5.2 The Elaboration Phase

The Elaboration phase is where big things happen, in this phase the
problem domain analysis is made and also the architecture of the project gets its
basic form. There is big step from this to next because this step means transition

from low-risk operation to high-risk operation.

3.5.3 The Construction Phase

In this phase the main focus goes to the development of components and
other features of the system that is being developed. This is the phase when

coding takes place.



3.5.4 The Transition Phase
The transition is phase where the product moved from the development

organization to the end user.

3.6 Chapter Summary

In this chapter, the design methodology and the development tools have been
discussed. Java has significant advantages not only as a commercial language but also
as a teaching language. It allows students to learn object-oriented programming

without exposing them to the complexity of C++.
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across the switch ports by delivering more cells per cell time, and thus reducing the
delay of each cell through the switch. In fact, sufficient speed-up can guarantee that
every cell is immediately transferred to the output port, where its departure time can

be precisely scheduled.
4.2 Requirement Analysis

Requirement analysis includes functional requirement and non-functional

requirement.

4.2.1 Functional requirements
Specify a function that a system or a system’s component must be able to
perform. These are software requirements that define the behaviors of a system
that is the fundamental process of transformation that software and hardware
components of the system perform on inputs to provide expected output. Below is
the information that switch simulator must keep.
There are five components recognized as the most important functional

requirement for the project.

1. Generate packet

Traffic generator will be used to generate the packet.
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2. Transmit and receive packet

Switch fabric will determine the path of packet from input port to

output port.

3. Process packet
The switch model will be designed with lookup table that contains
information of input port, output port, source MAC address and

destination MAC address to process packet while transmission .

4. Generate table
The table is created to list the result of the cr_ossbar simulation. The
results are time arrival of each frame, source and destination MAC

address of frames, scheduling algorithms and total of packets loss.

4.2.2 Non-functional Requirement

Non-functional requirement is a description of the features, characteristics
and attributes of the system. The non-functional requirements for this project

are as follows:

(i) User interface
The simulator will be a stand alone system using a Java interface. The user

interface will be simple for the ease of users.
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(ii) Usability

The cut through switch is modeled to see the result of simulators. It is
build to simulate the process and performances of the crossbar switch
architecture. From that, we can enhance the research or apply it to real

environment.

(iii) Reliability
To which extent a system can be expected to perform itsl extended

function. System must be reliable to provide accurate result.

(iv) User friendly

User can easy to understand how to use menu button and toolbars.

(v) Maintainability
System maintenance is a must for this system, as it allows certain changes

or modifications to be made over the system.

4.3 Hardware Requirement

The minimum hardware requirements to build the system are:
e Windows 95/ 98/ ME/XP/ 2000/ NT 4.0
¢ 64 MBRAM

e 4.0 GB Hard Disk space
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44  Software Requirements

Software requirements are a combination of tools to develop all the
modules specified. Listed below are the software and tools required to build cut
through switch. The software requirements are chosen based on their
functionality, affordability, easy to use and user friendliness feature.

As this projects going to be built using Java, the Java plug-in must be
installed in order to view the interface. This software can be run in any
platform as Java is platform independence.

Java 2 Platform, Standard Edition (J2SE v1.4.2)
JCreator LE

Windows XP Professional

4.5 Chapter Summary
All the requirements for building switch simulator have been specified and

analyzed. This includes functional and non-functional requirement, hardware and

software specification.
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CHAPTER 5: SYSTEM DESIGN

3.0  Chapter Introduction

System Design shows the Use Case, State, Sequence Diagram and Class
Diagram for my project using UML approaches. System design also focuses
on the development of switch simulator.

5.1 UML Diagram

5.1.1 Use Case Diagram

— o —

L —
f
s

Figure 5.1: Use Case Diagram
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An actor is represents a user or another system that will interact with the
system. A use case is an external view of the system that represents some action
the user might perform in order to complete a task. From Figure 5.1 stated the
function of switch: Generates packet, Transmits packet, Process packet and

Generate table.
5.1.2 State Diagram

Figure 5.2 presented the State Diagram of my project.

sending processing receiving

<

e
—

sentinl traitic

| -
-

-

Packetloss

Packel
received

Figure 5.2: State Diagram
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5.1.3 Sequence Diagram

Figure 5.3 presented Sequence Diagram for my project.

IR

Figure 5.3: Sequence Diagram
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5.2 Switch Architecture

e T | T

i

v

r
N

B
1 D>

T

Figure 5.5: Crossbar switch architecture

From Figure 5.5, show the architecture of crossbar switch. The switches
requires centralized controller/scheduler (who sends to whom when) and can

buffer at input, output, or both .
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2) if (Port3.booFree = true) { / destination port is free
loop allPorts {
if{ Buffer1C.curent_size !=0) {
remove frameA from buffer;
Buffer]1C.current_size = Buffer1C.current_size — FrameA.length;
transmit FrameA to Port3;
Port3.boofree = false;
H

else { : E

//[FIFO queue
}

}
}

5.5 Interface prototype

Figure 5.7 : Interface
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[Swikch Semiator| ‘

Figure 5.8 : User key in total of frames

5.6  Chapter Summary

System Design provided logical design of the project; it included the Use

Case, State, Sequence Diagram and Class Diagram.
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CHAPTER 6: SYSTEM IMPLEMENTATION

6.0  Chapter Introduction

System implementation is the material realization phase of the system
development. The conceptual and technical designs from the system analysis

phase are interpreted as well as modeled to become the physical working system

itself.

The following subchapters will explain the development environment as
well as the development of the system itself, some system coding and the coding
style and approach and object oriented technique applied inthe  simulation of

the switch.
6.1 Development environment

The hardware configured for the development environment is the
underlying element of the whole system. The hardware used in the system

implementation phase plays an important role in realizing the final system

architecture.
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procedure represented in programming language source code should be

easy to understand and clear for the programmer

6.3.2 Use meaningful variable names
In general, variables and data structures should be named in a manner that
enables the programmer to infer their meaning within the context of the

procedure at hand and their correlation with some real-world object.

6.3.3 Establish effective commenting conventions

e Start with an effective prologue

e Describe blocks of code, rather than commenting every line

e Use blank lines and indenting so that comments can be readily

distinguished from code.

6.3.4 Module

Separate function structure so it can function independantly and easy for

modifications
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6.4  System Module

The switch simulation program is controlled by a main class of
UnbufferedCrossbarSwitch.java. In this program, Packet generator
used to generated the total of frames that the user had key in.

Then, each of the frames will map to MAC address statically and
randomly. This is created by using Hashtable. Each port has an input buffer
and an output buffer.

NetBuffer inputBuffer;

NetBuffer outputBuffer;
The switch port is set to 8 and each buffer can limit only 8 frames, and each
frame sent is 64 bytes. Here is Net Frame . java class:

Class NetFrame{
int Preamble;

int SFD;

String DestMAC;
String SourceMAC;
int Length;

byte [] Data;

int FSC:

}

It describes an Ethernet frame. In this program, linked list is used to queue the
frames into buffer.

LinkedList frameList;
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6.6 Simulation result

From the switch simulation that I have been developed, I key in a numbers

of frames to analyze frames drop percentage .Below is the frame drop ratio that |

get. Figure 6.1 is the graph based on the Table 6.1.

Total Frame | Frame Drop Ratio, %
0 0
100 3
200 14
300 21.67
400 27.75
500 31.4
600 33.5
700 35.57
800 36.22
900 39.11
1000 425

Table 6.1 : Frame Drop Ratio
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Unbuffered Crossbar Switch

. 0]
s 35
i 30 <4
a 25+ |—+— Unbuffered Crossbar
1] S5
E 15 _ - -
ECFL L PSP P
total frame

Figure 6.1 : Graph Frame Drop Ratio


















e Volume tests

The data field and address field are checked to see if they can accommodate all

expected data.

e Timing tests

System performance is timed to ensure that it meets user's requirements.

7.8  Chapter Summary

During the testing phase, several testing strategies were being used to
ensure the system is integrated and developed successfully. Approaches were
employed to recover faults in the system. Unit, module, integration and system
testing has been carried out for this system. The objective of a system will only be

achieved after all the thorough testing done by the different user with different

aspects.
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CHAPTER 8: SYSTEM EVALUATION AND CONCLUSION

8.0  Chapter Introduction

This chapter explains all the evaluation procedures taken to identify
simulation’s strengths and limitations. Throughout the switch simulation
development process, a lot of problems were encountered and solved eventually.

This chapter also discusses future enhancement to the system.

8.1 System Evaluation

This section discusses the expectations achieved from the initial goals set

at the beginning of this project. The systems strengths and limitations are also

listed. The main problems encountered while developing this simulation is also

explained along with all the knowledge gained from this project.
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Designed the crossbar using other algorithm such as Round Robin
Compared the performance of switch using output buffer queue and virtual
output queue to know how many frame is dropped.

Do animation of transmission path of frames from input port to output port.
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also able to practice my skill in programming Java language and gain a sufficient

knowledge on how to build a simulation.

This project has helped me a lot in recognizing my poor skill in time
management, project management and communication. These experiences and
knowledge gained would certainly help me to manage and organize any future

project and will make me become a better programmer.
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Appendix A : User Manual
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Introduction

Switch cut-through system is a simulation of how the switch works in a network.

Hardware specifications

Below are the minimum hardware requirements to run the switch simulation:
e Windows XP Professional.
e 654 Mhz.
e 64 MB RAM.

Software specifications

Below are the softwares required to run the Flash memory simulation:
e Java 2 SDK Software Development environment version 1.4.2_06 (J2SDK
1.4.2_06).

e JCreator LE version 2.50.

I) Installing J2SDK 1.4.2_06

Download the J2SDK from the http://www.java.sun.com website. It is a free

software so it does not need to be licensed. Save it in your hardrive.
Double click the on the Setup launcher. The InstallShield Wizard will appear as

in Figure Al. Please wait for the license screen to appear as in Figure A2.






e In the Custom Setup wizard screen, click Change button to choose which

directory to install your J2SDK to. Click Next. See Figure A3.

¢ Java 2 SDK, SE v1.4.2

07 - Custom Setup

Select the program features you want installed.

wmm from the list below. Mmmwmwm
mbv %mm in the Control Panel

-W&Dﬂﬁpﬂm
m:.amzﬂ.("ﬁ_" Y
nml'wi-' ".t."x_au_ B on your
drive, o\
@9

Cijzsckl 4.2_07 Change... [
frstallsHistd
<pock [ wet> | con |

Figure A3
e Next is the Browser Registration wizard screen. Choose which browser you

want and click the Install button to install. See Figure A4,



SDKE,SE v1.4

. Browser Registration
Select the browsers you want to register with Java(TM) Plug-In.

Figure A4

in your computer. See Figure A5 and Figure A6.




i Java 2 SDK, SE v1.4.2_07 - Progress

Installing Java 2 SDK, SE v1.4.2_07
The program features you selected are being installed.

= Please wait while the InstaliShield Wizard installs Java 2 SDK, SE v1,4.2_07,
! This may take several minutes.

Status:
Finishing installation, please walt. This may take several minutes.

] -

Figure A6
The Complete wizard screen will appear. Click Finish button to finish the

installation, Figure A7.

lava 2 SDK, SE v1.4.2_07 - Complete !3

InstaliShield Wizard Completed

.
I

The InstaltShield Wizard has successfully installed Java 2 SDK,
SE v1.4.2_07. Click Finish to exit the wizard,

< Back Cane| l

Figure A7










e In the next screen choose where should the Setup place the program’s shortcut.

See Figure A12.
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Figure A12
e Choose which additional tasks should be performed in the next screen. See Figure

Al3.
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Figure A14
 Please wait while the Setup is installing the JCreator, Figure A15.



Installing
Please wait while Setup installs JCreator LE on your computey.

Extracting files...
C:\Program Files\Xinox Software\JCreator LE\Userlmages.bmp

Figure A15
Lastly click Finish button to finish the installation, Figure A 16.
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Figure A16



Running the program.
1) First open UnbufferedCrossbarSwitch.java , Link.java ,NetBuffer.java ,
NetBuffer.java , NetFrame.java ,TrafficGenerator.java , Splash.java ,file

in JCreator and compile it. } -

2) Run or execute the UnbufferedCrossbarSwitch.java file. Figure A17 will

appear.




3) Next Figure A18 will appear. The dialog asks user to key in number of frames.

Uinhuffered Crossbar Switch
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Figure A18



4) For example, the user key in 100 frames. Then click OK or ENTER button on the

keyboard.
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Figure A19











