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ABSTRACT

In this paper, a mathematical model for optimizing network communication systems. The proposed model
uses specific mathematical technique, queuing theory, Markov process, Stochastic process to analyze the
behavior of network traffic analyze the behavior of network traffic and channel conditions. We derive key
performance metrics such as throughput, delay & packet loss rate and optimize network parameters to achieve
improved performance. The contribution of this paper include the development of a novel mathematical model
for network communication system and the demonstration of its application in optimizing network
performance.

INDEX TERMS: Transition Matrix, Maximum likelihood Estimator.

INTRODUCTION

Network Communication systems have become an essential part of modern life, enabling rapid
communication and data transfer over vast distances. As the demand for network services continues to grow,
network operators and service providers face significant challenges in ensuring reliable, efficient and high
performance network operations. Mathematical modeling has emerged as a powerful tool for analyzing and
optimizing network communication systems. By abstracting the complex behavior of network systems into
Arunachala college of Engineering for Women mathematical equations researches and practitioners can gain
valuable insights into network performance identify potential bottle necks and develop strategies for optimizing
network operations. Despite the growing importance of network communication systems, existing mathematical
model often oversimplify the complexities of real world network behavior. There is a need for a comprehensive
mathematical model that captures the intricate dynamics of network communication system and provides a
framework for optimizing network performance.

The proposed model provides a general framework for evaluating network performance matrices such as
throughput, delay and packet loss rate and optimizing network parameters to achieve improved performance.
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INFORMATION SOURCE

The message or information originates in the information source. In general there can be various message in
the form of words, groups of words code, symbols sound signal etc. In this information source the mathematical
models are Discrete memory source, Maarkov source & stationary Ergodic source. Here Markov source used in
information source. It is an example of a Markov process with 6 stages. They are Idle(l), Message
generation(M), Channel Acquisition©, Message Transmission (T), Acknowledgement (A) & Completion(D).

The Markov chain model for the text messaging source is

X = {AB,C....... 9} & it has totally 36 statics
P — State transition Matrix

T — Initial State Probability Distribution

I M C T A D

1 [ oo 01 o 0 0 ;;1_
M| 0 08 02 0 0 0
P= C 0 0 0703 0 0
T 0 0 00901 0
A 0 0 0 0 08 02
Pl 1 0 0 0 0 0

Using TPM ‘P’ calculate 7T using linear algebra technique from this we can calculate entropy
(measure the randomness) & information rate & throughput.
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INPUT TRANSDUCER

An input transducer is used to convert information into a time varying electrical signal. For example in the
case of radio broadcasting a microphone converts the information which is in the form of sound waves into
corresponding electrical signal. In this input transducer queuing theory model is used (ie) queuing model. This
model assumes Markovian (Poison) arrival Markovian (Exponential) service time. Single server(Buffer) &
infinite capacity. This queuing model helps designers analyze & optimize buffer sizes taking into account factor
like arrival rate service rate, Buffer Capacity & Packet loss rate. Here ‘L’ is the average no of packet waiting in
the buffer. W is the average time a packet spends waiting in the buffer.

TRANSMITTER

The function of the transmitter is to process the electrical signal from different aspect. In this transmiter
Markov Chain model is used.

Idle(l)- The transmitter is not sending any packets.
Busy(B)- The transmitter is sending a packet

The TPM between those two states are

P(I/1)= 0.8 (80% chance of staying in Idle state)
P(B/1)=0.2 (20% chance transmitting to busy state)
P(1/B)=0.4(40% chance transitioning to busy state)
P(B/B)=0.6(60% chance of staying in busy state)

| B
08 0.2
P=| 04 06

Using Markovchain model, We can conclude steady state probability of two status use these probability to
calculate throughput & delay.

( 1
T=m(B) 1—_71_(8) &
-
1
D= -
1-7(B)

From this we can conclude that transmission efficiency, Transmission, Reliability, Network congestion &
quality of service.

CHANNEL & NOISE

The term channel means the medium through which the message travels from the transmitter to receiver.
The function of the channel is to provide as physical connection between the transmitter & receiver. There are
two types of channel, namely point to point channel & broadcast channel. Point to point channels are wire lines,
microwave links & optical fibers.

The broadcast channel provide capability where several receiving stations can be reached simultaneously
from a single transmitter. Satellite is a broadcast channel. In this channel & noise method the mathematical
model, Gaussian method is used.

The mathematical representation is

n(t) = o * w(t)
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where ‘-’ is the standard deviation of the noise w(t) is a white Gaussian noise process. Using this method to
analyze & optimize channel & noise.

RECEIVER

The main function of the receiver reproduces the message signal in electrical form from the distorted
receiver signal. This reproduction of the original signal is accomplished by a process known as the
demodulation or detection. Demodulation is the process of modulation carried out is transmitter.

Using Estimation model is used to estimate the parameters of a signal in the presence of noise.

Mathematical model representation is

O =arg (max ©) . L (©)
Where O is the maximum likelihood estimate of the parameter © & L(©) is the likelihood function. Using
his model to analyze & optimize receivers.

DESTINATION

Destination is the final stage which is used to convert an electrical message signal into its original form. In
broadcasting the destination is a loud speaker which works as a transducer.

In this destination queuing model M/M/1 & M/G/1 is used M/M/1 is used to analyze the behavior of signal
server queue with Poisson arrival & exponential service time. M/G/1 is used to analyze the behavior of a single
sever queue with Poisson arrival & general service time.

A
e (R
Where ‘L’ is the average queue length, A is the arrival rate & [ is the service rate. Based on this model.
We can conclude that stable system (L) low delay (W) & low packet loss (P).

RESULTS & DISCUSSIONS

This paper presented a mathematical model for optimizing network communication system. The proposed
model uses specific mathematical techniques are queuing theory Markov process to analyze the behavior of
network traffic and channel conditions. The model was validated through a case study and numerical results,
which demonstrated its effectiveness in optimizing network performance.

The mathematical model captures the complex dynamics of network communication and provides a
framework for optimizing network performance.

It is used to optimize network parameters such as transmission power & packet size to achieve improved
performance. This model was validated through a case study and numerical results which demonstrated its
effectiveness in optimizing network performance. This model can be used to identify & diagnose network
problems and to optimize network security protocols and to detect & prevent network attacks.

This model can be extended to more complex network sceneries, such as multi-hop networks and networks
with multiple types of traffic.

This model can be integrated with other optimization techniques, such as machine learning and game
theory, to achieve improved performance.

This model can be validated through experimental results using test beds or real world network.
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