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Abstract

The present work considers the performance evaluation of Local Area
Networks, LAN, which has proved to be a powerful technique in interconnecting
computers in a limited area. An overview of LANs protocols has been given fo

illustrate their performance and to present a base for comparison.

This thesis presents a new protocol for LANs. This protocol is a priority
based scheme. A full description of the network (hardware and software) is also
presented. Both mathematical modelling and simulation techniques has been

considered to evaluate the performance of the protocol model.

First, a mathematical models were deduced for describing both the new
protocol and the CSMA/CD. These models were derived for general statistical
properties of input packet and service time. The results obtained from both

models were compared with those obtained from the simulation model.

Second, a simulation has been developed, implemented and carefully
validated to simulate both the new protocol and the CSMA/CD protocol. It is an
event driven organization to decrease the computational cost. It is implemented
in a general purpose language (PASCAL) to allow design flexibility. It has a
modular structure which permits ease in both correction, modification and
future expansion. Nevertheless, different LAN specifications are easily accepted
as input' data to produce a valuable base of comparison. Results obtained for both
protocols were compared with each other. They were also compared with the
results obtained from the mathematical model to validate the rest of the

simulation results.

I

Central Library - Ain Shams University



Table of Contents

Contents Page
Chapter 1
Introduction and Thesis Overview ..............ooerrrrommene 1
11 TRETOAUCHON. - v evev v ae e e ee e 2
1.2 Thesis OVEIVIEW. . ..o vver e m et 3
Chapter 2
Introduction to Local Area Networks...........ooomrmererrmns 6
2.1 Computer Networks. . ... voovunreraeerrre oo 7
22 Local Area Networks (LANS). ... ovvvnronreerree s 9
2.3 LANS AppHCAtiONS. . o« oovevenan et 12
2 4 LANSs Classification. .. .. ..o et 13
2.4.1 LANS TOpOIOGIeSs. . ... vvvvrveie e 13
2.42 Transmission Media. ... ....ooovererrerrte 17
2.5 LANSs Evaluation and Performance Measures. . . ... ve e 18
7 5.1 LANSs Performance measures. .. .........-..:---- 18
9 5.2 LANS Evaluation techniques. . .........cooereree 21
26 LANS Standards. - . ..o vre o ir s 22
Chapter 3
Access Media Control Protocol. .. ... coooovervnerrmmres 24
3.1 IAEFOAUCHON. « . oo oo om s e 25
12 Access Media Control using Ring Topology. - -« - ovo- - 26
3.2.1Slotted RING. .. .+ oo vvverrem s 26
3.2.2 Register Insertion Ring. . .......cocovormremros 28
323 TOKEN RING. « .o cvvvever e 32
3.3 Access Media Control using Bus Topology. . .- cov e 36
33.16lotted ALOHA. ... ooieiemeeree 36
3.3.2 Carrier Sense Multiple Access CSMA. . ..........- 38
3.3.4 Carrier Sense Multiple Access
with Collision Detection CSMA/CD............ .. 41
I

Central Library - Ain Shams University



Chapter 4
The Hardware and Software

Description of the Node. . ... ..oov e 44
41 INrOdUCHON. « .« o oo e e 45
4.2 The Computer Control Lab. LAN. . ... e 47
4.3 Communication Protocol. . .. ... .o 48
4.3.1 Node-to-Node Protocol. . ......... oot 49
432 Block SETUCLUTE. . ..o v 51
433 Message transfer. .. ... 52
4.3.4 Bus Acquisition Protocol. . ... 56
4.4 Node Hardware Organization. . ..o 57
4.5 Node Operation. .. ........ooveraeierre e 60
4.5.1 Operation as a transmitter. .. ...............oooo 61
4.5.2 Operation as a TECELVET. « o v v ee e et e 62
Chapter 5
Mathematical Model of the NPP
and the CSMA/CD . ... oo 64
5.1 Mathematical Models. . .. ... .o 65
5.2 The Nonpersistent CSMA/CD. .. .. JR R o7
5.2.1 Network assumptions. . . ....cooovvvvoaeeen e 67
52.2 The mathematical model of the CSMA JCD....... 68
523 The CSMA/CD results. . ..o 73
5.3 The Node Priority Pulse NPP.......ocovvnonnereees . 74
5.3.1 Network assumptions. . . .. ....ooovmerree- 74
5.3.2 The Mathematical model of the NPP............. 75
523 The NPP results. . .. ..o oo 79
5.4 Comparison between the CSMA/CD and NPP............. 82
Chapter 6
Simulation Operation of the NPP
and the CSMA/CD. ... o i 83
6.1 Simulation Model .. .. ... 84
6.2 The Node Priority Pulse (NPP) protocol ................ 88
6.2.1 Basic Operation. ... .......ooooeai 88
6.2.2 Model Implementation. . . ... 88
IV

Central Library - Ain Shams University



6.2.3 Simulation Assumptions of the NPP. ..... ... .. .. 95
6.3 The CSMA /CD protocol

............................... 98
6.3.1 BasicOperation. . . ................. ... ... .... 98

6.3.2 Simulation Assumptions of the CSMA/CD. . ... ... 99

6.4 Simulation Operation for both NPP and CSMA/CD. ... .. 99

6.5 Comparison Mathematical and Simulation Results . . . .. 119

6.6 ResultsandPlots .. ............... ... ... o il 122
6.7 Validation of the simulationModel . .. .......... ... ... 134

6.7.1 Validating the Data. . .. ...... .. ... ... ... .. ... ... 134
6.7.2 Validity the Simulation Program . . ............... 135

6.7.3 Validating theresults .. . ........................ 135

Chapter 7

Conclusion and Futurework ... ........................ ... ... 139
Z1lConelusion ... 140
72Futurework. ... ... 141
Appendix .. ... . .. ... 142
Appendix Il ... .. .. .. .. . 143
References. . ... ... ... .. 152

Central Library - Ain Shams University



Chapter I

Introduction
and

Thesis Overview

Central Library - Ain Shams University



Chapter 1

Introduction

1.1 Introduction

1.2 Thesis Overview

1
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1.1 Introduction

The demand of computer networks is continually growing all over the
world.  They are the most sufficient reliable mean available to interconnect

computers regardless of separating distances.

Although Long-haul networks are very impressive, Local Area Networks
LANs found its place as a communicating facility. LANs are a resource sharing
data communication network that is limited in a geographic area, providing high
bandwidth communication over inexpensive transmission media and are
usually privately owned. Thus LANs are unique because they simplify social
processes and they are implemented to make more cost effective use of people

rather than machines.

LANs differ from Long-haul networks in their bandwidth, network
topology and protocols. LANs transmission bandwidth is inexpensive and
complicated routing and control algorithms are not needed. Nevertheless, a

LAN can be used as a separate resource connected to a Long haul network.

LANs are able to communicate different types of resources as
minicomputers, terminals, copiers and large and small computers. This makes

them applicable for offices, universities, factories, laboratories... etc.
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As a result of LANs applications and advantages, efforts have been
contributed to increase their power and efficiency. These contributions lead to
introduce a various number of protocols to control the resource to access the
channels connecting them. These contributions differed in the topologies they
use, transmission media and the protocol itself. Some of the most important
protocols using a bus topology was the Carrier Sense Multiple Access CSMA
which was refined by the Carrier Sense Multiple Access with Collision Detection
CSMA/CD. This protocol has been already implemented and still tests are held
to produce the bus performance. Another protocol using ring topology was the
slotted ring and token ring. The slotted ring use time slots to transmit messages
between the hosts connected to it while the token ring uses a token to hold the
message from one host to the other. Although these protocols are used now with

good performance, still they are trying to get the best they can from them.

1.2 Thesis Overview

The work on this thesis represents one of the many efforts to present a new
protocol. The protocol was designed and partially implemented by the computer
lab at the Atomic Energy Authority. The LAN interconnects a number of hosts
connected to a common serial data bus through microprocessor based nodes.
These nodes control data transfer over the single data channel. The node is
divided into two sections namely a common section that interfaces with the
serial data channel and a private section that interfaces with the host computer.
The latter part would naturally tend to have some variations in the hardware

details to match the requirements of individual host computers.
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Our work is concerned with the common section that interfaces with the
serial data channel. The protocol is based on a priority scheme. Each node has a
predefined priority for transmission depending on its importance. A simulator
was built to measure the performance of this protocol. Also a comparison was
held to compare the results obtained with those like the CSMA/CD . The
CSMA/CD was taken as a base comparison because it is familiar and in wide

spread use in the world of LANs. It also uses a bus topology.

This thesis starts with chapter 2 which gives a brief description of LANs. It
presents the classifications of LANs with respect to those various topologies and
transmission media used. It also presents the important performance measures

and the methods of evaluation of any network.

Chapter 3 deals with the different access media control (protocols) that a
LAN can use. We present the action of these different protocols when

introducing different work loads.

With chapter 4 we start the work: on the core of the thesis. It presents the
protocol in detail. It also gives a full description of the node (hardware and
software). It gives the basic operation of the protocol and shows how the node

acts in both transmitting and receiving modes.
In chapter 5 a mathematical model is implemented for the NPP protocol.

Besides, we presented the mathematical model of the CSMA/CD for comparing

the results.
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