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1
Network and Simulation

1.1 Simulaton

Simulation is a word which is in common use today. The Chambers concise
20the century dictionary defines it thus:

‘simulate sim’di-4dte v.t. to feign: to have or assume a false appearance of : to

mimic... -2. simulad’tlon feigning: mimicry: the making of working replicas or

representations of machines or the re-creation of a situation, environment, etc. for
demonstration or for analysis of problems.-. ..’

For engineers involved in design and analysis of new systems the term
simulation describes a wealth of varied and useful techniques, all comnected with the
mimicking of the rules of a mode! of some kind.

1.2 What s a model?

Often the processes in the real world are far too complicated to understand. In
such cases it is good idea to strip the processes of some of their features, to leave us
with the models of the original processes. If we can understand the model, then that
may provide us with some insight into the process itself

Subjects such as physics, biology, chemistry and economics use models to
formulate and solve their problems. Differential equations governing the lawg of
mechanics can be viewed as models. For a mode] to work, it need not be an exuct
description of the reality. The famous Gallilean formmlation of relativity is a model,
and an inaccurate one, a8 Einstein pointed out later . Yet, from guiding epace probes to
analysing air-crashes it is Gallilean relativity which is used Similarly the laws of
economics are built upon some model of human behaviour ( profit motive etc. ), though
actual buman behaviour may be far more complex than that.

When the model is given a mathematical formulation and an analytical solution

18 not possible, quite often simulation can prove to be an useful tool. Howaever, there
are situations when it may be difficult to formulate the mode! in terms of known
mathematical constructs. In such cases simulation simulation remains the only way out.

Sadiku and Ilyas {3] quote some other reasons why simulation is an attractive
option:

1. Itis the next best thing to observing a real system in operation

2. 1t enables the analysis of very complicated systems. A system can be so complex
that its degcription by a mathematical model is beyond the capabilities of the
analyst. “When all else fails” is a2 common slogan for many such simulations.

3. Itis straight forward and easy to understand and apply. It does not rely heavily on
mathematical abstractions that require an expert to understand and apply. It can be
employed by many more individuals.



4. It ia usefisl in experimenting with new or proposed designs prior to implementation.
Once constructed, it may be used to analyse the system under different conditions.
Simulation can also be used in asessing and improving an existing system.

5. It is useful in verifying or reinforcing analytic solutions.

1.3 Examples of uses of simulation
(a) weather prediction

The actual phygical weather phenomena defy comprehension. Still, the weather
scientists build their models by stripping off ali the details which may be unnecessary
as far as weather prediction 1s concerned. Their success in this approach needs mo
mention.

(b) aeraplane desigr

Model aeroplanes in wind tunnels are used by aircraft designers to study the
aerodynamics of full-scale aeroplanes.

(c) electrical circuit simulation

Electronic circuit designers use computer simulations extensively to study the
behaviour of yet to be designed circuit. Many software packages are available in the
market to aid them in this job,

{d) statistics

Even mathematicians use simulation. Not only may we use to mimic explicitly
the behaviour of models, but we can also use simulation to evaluate the behaviour of
complicated random variables whose precise distribution we are unable to evaluate
mathematically. An early example { from [2] ) of this method is the study of t-
distributions by W. S. Gosset who published his works under the pen name of
‘Student’. In 1908 he wrote:

‘Before | had succeeded in solving my problem analytically, I had endeavoured to
do so empirically [i.e. by simulation]. The material used was a... table containing
the height and left middle finger measurements of 3000 criminals .... The
measurements were written on 3000 pieces of cardboard, which were then very
thoronghly shuffled and drawn at random ... each consecutive set of 4 was taken as
a sample ... and the mean and standard deviation of each sample detenmned ...
This provides us with two sets of ... 750 z’g on which to test the theoretical results
arrived at. The height and left middle finger ... table was chosen because the
distribution of both was approximately normal .’



1.4 Characteristics of a simulation model

(a) Continuous/Discrete Model

A continuous model is one in which the state variables change continuously
with time The model is characterised by smooth changes in the system. Weather
prediction models are continuous. A discrete model is characterised by discontinuous
changes in the system. The arrival process of messages in a network 18 discrete BINCe
the state variable, the number of waiting messages, changes only at the asrival or
departure of a message.

(b) Deterministic/Stochastic Models

This characteristics deals with the systein response. A system 18 deterministic if
its response is completely determined by its initial state and input. 1t is stochastic if the
system response niay assume a range of values for a given initial state and input. Thus,
only the statistical averages of the output measures of a stochastic model are true

characteristics of a system. The simulation of computer networks falls under the second
category because both the inter-arrival and service time are random.

ry becanse both the infer-armive ala ov y L o~ —————

(c) Time/Event Based-Models

Since simulation is the dynamic portrayal of the states of a system over time, a
cimulation model must be driven by an internal clock. In time-based simulations the

simulation clock advances one “tick” of Ar. Figure 1.1 shows the flowchart of a
typical time-based simulation model.
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1.2 Typical time-based simulation model.



Although time-based sumulation is simple, it is inefficient because some action
must take place at each clock “tick”. An event signifies a change in the system. In an

event-based simulation model, updating takes place only at the occurrence of an event,
and the simulation clock is advanced by the amount of time since the last event. The

need to determine which event is next in event-based simulation makes its programming
complex. A problem of this approach is that the speed at which the simulation proceeds
18 not directly related to real-time; correspondence to real-time operation is lost.
Figure 1.2 is the flowchart of a typical event-based simulation.
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Figure 2.2 Typical event baged simulation model

1.3 Why simulate a computer network?

The problems of computer network designer are many. He has to make
essentially 1nanimate and unintelligent machines co-operate amongst themselves for
exchange of information. The conditions under which the network will operate is at
best an intelligent guess. The complexity of a network and the underlying protocol



makes analysis difficult to use. Simulation, however, gives us an ideal tool for this kind
of situation.

In this project two types of networks have been studied. The first one, the
ALOHA net is a simple broadcast network that was once used for connecting many
computer users to a central computer. The second is the ubiquitous Ethernet. This
logical successor of ALOHA was developed by Xerox PARC and is almost
exclusively used for low cost local area networks.



2
The ALOHA Protocol

1.1 The Channel AHocation Problem

When many users are using the same medium to communicate the problem of
channel allocation comes up. It is like many people talking amongst themselves. They

use the same chammel ( 1.e. the susrounding air and voice signals ). If everyone tried to
talk at the same time no one will be able to comnmumicate. The common social etiquette
helps us in resolving this problem and even large groups are able to commmmicate
purposefully. Computers, however have no etiquette and it is the network designers

problem to devise a protocol to give them at least a semblance of civility. Though
there are many workable solutions the ideal protocol still remains elusive.

2.2 Origin of ALOHA

In the 1970s, Norman Abramson and his colleagues at the University of Hawaii
devised a new and elegant method to solve the channel allocation problem. The aim
there was to provide cheap and easy access for a large number of terminal users to
central computing facilities. Although Abramson’s work, called the ALOHA system
used ground based radio broadcasting, the basic idea is applicable to any system in
which uncoordinated users are competing for the use of a single channel. In this project
a satellite commumication system using the ALOHA protocol is simulated.

2.3 The Protocol

The basic idea of an ALOHA system is simple: let users transmit
whenever they have data to be sent ( Figure 2.1 ). There will be collisions, of course,

]

PFigure 2.1 In pure AI.OHA frames are transmitted at completely random times

and the colhding packets will be destroyed. However, due to the feedback property (
stations are always listening to the packets being transmitted ) a sender can always find
out whether or not his packet was destroyed. In a local area network the feedback is
immediate, with a satellite, there is a delay of 270 msec before the sender knows if the
transmission i8 successful. If the packet was destroyed, the sender just waits a random
amount of time and starts transmission again. The waiting time must be random or the
game packets will collide over and over, in lockstep. This protocol 18 algo sometimes
referred to as pure ALOHA becanse many researchers have extended Abramson’s work

and have developed different verstons of this system.



2.4 The Simulation

The simulation was done using an event-based model, which is ideally suited

for this type of systems. The program 18 self dnven and need no user input during the
course of its execution. The generation of new packets at the transmitting stations 15 a
Poisson process which is simulated using the built in function rand (). This fimction
generates uniformly distributed numbers, which are then converted to follow the
desired probability distribution. In this case we prunarily need exponential distribution
to simuiate the random inter-arrival time for the Poisson process

The generation rates are same at all the stations and all the packets have the

same gize. The variables being monitored are delay, channel traffic, collision rate and
throughput. Figure 2.2 ( on the next page)gives a detailed flowchart of the simulation.

Due to the inherent complexity of the problem some degree of object orientation
is used in the simulation. Each station is an object capable of maintaining itself (its
quenes, event times etc. ). The satellite and the intervening space is modelled as
another object. The satellite object does more than what a satellite is supposed to do (a
communication satellite simply acts as a reflector or a repeater). When a station
transmts (in the sunulation) it effectively deposits the ID of the packet to the satellite
object. Since many stations will be transmitting the satellite object 18 in the best

position to know when a collision occurs.

Five events have been used to simulate the model.

1. E GENERATE event for a station to generate a packet

2. E TRANSMIT event for a station to transmit the next queued packet.

3. E TR/ 15 END the station has himshed {ransmmtting the packet.

4. E SUCCESSFUL TRANS at this event the ratellite informe a station that a

packet sent by it has been successfully transmitted. This event 18 scheduled exactly
270ms after E TRANS END for the packet.

5. E COLLISION event for the satellite to inforin a station about a collided
packet. This event 1s also scheduled 270ms after E TRANS END. At this event the

station delays its next transmission by a random amount of time (subject to 2 maximum).
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3
The Ethernet

3.1 History

Ethernet has an interesting history. 'The real beginng war the ALOHA systen:
constructed to allow radio communication between machines scattered over the Hawaiian
islands. Later camrier sensing war added, and in 1976 Xeiox PARC built a 2.94-Mbps
system to connect over 100 personal workstations over a 1-km cable. This system was
called Ethernet after the /uminiferous ether, through which electromagnetic radiation was
once thought to propagate. The Xerox Fthernet was so successful that Xerox, DEC, and
Intel drew up a standard for [0-Mbps Etheinet. Later IFEE standardised the system (IEEE
802.3). Even now Ethernet remains the most popular networking product and is best snited
for setting up small low-cost networks.

3.2 The Protocol

The protocol followed by Ethernet is called ('SMA/( D : Carrier Sense Multipie
Access with Collision Detection. In this technique, all stations attached to the network
make their transmisgion decisions on the basis of the statur of the transmission medium.
This differs from ALOHA in the sense that in ALOHA no station is aware of the other s
mtention until 270 mlliseconds have elapsed. Since Fthernet 15 used exclusively in Local
Area Networks, it ig possible to monitor the cunent activity on the transmission medim

Ot cowre, there 18 a non-zero transmission delay but that ir very small compared to
ALOHA.

All stationg on the Ethernet make their decisions based on the activity on the
trancnussion medium as seen fiom their interface. The transumssion initiated by various
stations may overlap and may cause n collision. This necessitates retransmission of ail
colhided packets. The uext section describes the ('SMA/CD) protocol in some detail.

3.3 ('SMA/CD

It CSMA/CD based local-area networks, the tranrmission medium 18 open ende:
All atations are attached to the transmission medinm using o passive interface Accegs 1o
the tiansmmission medivm  is decided solely by the stations that are attempting to transnm:
Before transmitting its packet of information, a station senses the state of the transmission
medinn to see if it is already busy ( in transporting information packets ) or idle [} »
station finds the medium busy at ite interface, then the tranemission of its information

packet must be delayed. However, if the medimm ir rensed fiee at the interface. b
transmission of the information packet may proceed.

Although each station transmits only when it senses the fransmission ag fiee
collision still may take place. Thig ig because a ttansmis=ion deciston is made only on the
basis of the local information not on the basis of the overall sitnation on the transmissior:
medimm. When a station transmits its packet it taker a caunll but tioite amount of tine betor
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the information reaches all the stations. If two stationa sense the medium as free and start
ransmission  the packets will defimitely coliide within a time equal to the end to end
propagation delay.

During transmission of their packets, all stations monitor transmitted information
packets on the transmission medium. The information ir compared to what the station 18
transmilting. If these two maich then it is assumed that the transmission is successtul
However, if the transmitted information differs from what 18 on the medium, 1t 15 assumed
that a colltsion has taken place and a retransmission 18 needed.

In CSMA/CD-based LLANs, when a collision has been detected | all transmitting
stations abort their transmission. The station that first detects a collision starts transmitting
a collision enforcement signal also known as jamming signal. Tihs 18 to inform all the
stations that a collision has taken place and they should wait until after the jamming signal
is over and a predefined silence period has elapsed. After the silence period, business
starts as usual. A typical situation is shown 1n figure 3.1
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3.4 Non-persistent and p persistent CSMA/('])

ihe decision abont transmission of a packet is wade solely by a station and
dependr upon the status of the transmigrion medium as reen by the poiat of terface. The
decision may vary slightly depending upon which version of CSMA/CD is being used even
if the status of the transmirsion medium is the same.

Let us assume a station has a packet to transmit. It senses the transtnission medim
at its interface and finds it free. In the case of non-pergistent ('SMA/CD, the station will
definitely transmit its packet. However, in the case of p-persistent CSMA/CD, the packet 1
transimtted with a probability p, and the transmission is delayed by r seconds (end-to-end
propagation delay) with a probability (1 - p). If p happens to be equal to 1, as happens t¢
be the case in most Ethernet implementations, the packet will also be transmitted
unmediately after the transmission mediwn ig sensed free.

On the other hand, if the transmission medium ir rensed bury, no packet should be
transmitted. In the case on non-persistent CSMA/CD, the station backs off and senses the
transmission medium agan after a random duration of time. In the case of p-persistent
CSMA/CD, the station keeps on checking the medium until it becomes free. Ag soon as the
medunn becomes fiee, the station transmits its packet with a probability p and delayxr i
with a probability (1 - p). Obviously, if p = 1 in the p-pernistent case the station will
munedhately transmit after the medinm bocomes fiee. In thir caxze. if more than one stations
was checking the transmission medium at the same time_ all of them will transmit almost i
the rame tune and will collide with a probabihity

3.5 The Simulation

The sumulation program is wiittert n (' (code 18 given in appendix B). Ax i
the cnse of ALOIIA (he inter-arvival time between fwo packets follows an exponentinl
dismbution. The built-n fimction rand () is ured to generate untformly distnbuted

random munbers, which is then converted to exponentinily dwtributed numbers by the
transiormation

} ,,h ‘}f‘{l’ P4

whete vk follows the distribution U(0,1), A is the mrival 1ate Then. y will tollow an
exponential distribution

The flowchart of the sunulation is presented in Figue 3.2, It {follows the genel s
priuciples of an event based model.

3.6 Assnmptions

The following assumptions have been made in the sinmlation process of th
CSMA/CD local area networks:

*  Aunval at all stations follow a Potrron piocers
o All aintions genetnte traflic at the same raie
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Packet lengths are equal.

'|he transmission medium is assumed to be error free, and any errors are only due to
collisions.

The spacing between stations is the same.

The propagation delay is about 5 microsecond per kilometie of the transmission
mechum.
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Figure 3.2 Flow chait of the CSMA/C'D simulation p1ogram.



P

4
Results

4.1 The ALOHA Simulation

Ihe simulation program was run on a Pentium 133 machine running Linux. For all
the nmg some of the parameters were kept constant. ‘The transmission rate was kept fixed at

1 5 MHz. The number of earth stations was 100.

The performance measures that were monitored were throughput, delay, traffic,
and the collision rate. Collision rate is the number of packets which collided from

amongst those that were transmitted. The plots are for throughput, traffic, delay, and
collision rate.

The first plot gives the variation of utilisation and traffic with change in packet
qize. 'The arrival rate is kept fixed at 0.01 packets / second at each of the 100 transmitting
stations. As we can see here ( and in most of the graphs that follow ) the throughput 18 a
linear fimction of arrival rate (up-to a certain point ) and 18 n fact equal to the spphed
load { which is 100 times the arrival rate ). This 18 very important for the long term
stabtlity of the system.

ALOHA Packet size 10000 bits, Wait time 2.0 s

3 =

packels per seconds
.
-

o &

e e T HTOUGHPU
- - - -Traflic

Wait-tinte is the maximun time for which the station waits after one of its packets
collides. We can also see from the graph that the traffic increases faster than throughput
This is because many of the packets that are transmitted end up colliding. Such packetr
have to be retransmitted. At a certain point the arrival rate becomes more than the capacity
of the system to transmit. This is the point where the gystemn becomes unstable, 1.e., it 18 not
able to transmit as fast as the packets are generated. For this case the system becomes
anstable at an arrival rate of .33 packets per second per station.
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Colligion rate is simply the difference between the traftic and the throughput.
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To see how the performance parametera vary with changes in wait-time, the

sunulation was run with packet size = 20000 bits, varying

the ammval rate for three

different values of wait-time (2.0s, 4 08, 6 0s) Increasing the wait-time increases the

capacity of the system to handle load but this is at the cost of delay. On the next page aie
the comparative plots of throughput, delay, and colision 1ate for these three cases
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Tlus plot 18 not very instructive because all the tinee cuives are coincident. The
2.08 curve extends up to an arrival rate of 0.13, 4 0g extends wp to 0.15 and 6.0s curve
extends up to 0.17. The wmrival rate vs. traffic makes the rituation clearer.
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The dilference between the three cases is more pronounced in this case. As we can
see, tor lower wait-time the traffic increases faster. The distinction becomes further clear

when we look at the delay values for the three caser (next page).
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4.2 The Ethernet Simulation

In thig simulation the packet size was kept fixed at 1000 bits. The channel capacity
was 2 MHz. Results were obtained by varying the persistence. The first graph plots the
throughput against the arrival rate. As we can see the throughput is approximately 10 times
the arival rate. This is because there are 10 stations on the network generating packets
with the same arrival rate. After the arrival rate becomes 180 packets per second the
system becomes unstable and is unable to fimction properly.
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Next, we take a look at the delay in the system. Again the delay for all three
persirtence values 18 plotted on the sgame graph
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Smce at higher values of arrival rate the delay increares dirastically, we take a
closer look 1o see how the delay increases with the arrival rate
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'The next plot shows how the collision rate varier with arrival rate.
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