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Abstract: Use of wireless interface is one of the milestones of new-generation communication systems, which
has an extensive sphere of application in such areas as IoT, mobile devices and for sensors. The research paper
under consideration is aimed at investigating wireless computing from the perspective of mathematics and some
of the aspects to be discussed are signal propagation, wireless channel characterization, system capacity and error
control. We study the basic wireless communication and extrapolate mathematical models/theories and equations
for analyzing the nature of the wireless systems, use in networking, and optimization. Wireless computing is one
of the most valuable components of the communication in the present world where data transmission can be
carried out among various networks without any physical linkages. Wireless computing systems are systems,
which involve part of signal processing, part of network optimization and part of information theory; they are the
systems that are based on the parameters of ideal systems. In this case, we talk on mathematical models used in
the wireless communication channels. propagation models, path loss equations and interference management.
Additionally, the paper emphasizes some of the main problems with the usage of graph theory, hints to the queuing
theory to structure using adequate algorithm with the overall purpose of improving organizing the network assets
as a way of scaling up the wireless networks. This theory goes into detail on most of the advanced concepts like
the error correcting codes, modulation schemes and cryptography aspects required in secure communication in
wireless computing environment. Therefore, this research aims at establishing a mathematical technique in design,
analysis and optimization of wireless systems that we hope that it can be useful in shaping next generation wireless
technologies such as 5G and IoT.

Keywords: Wireless Computing, Wireless Communication, Signal Propagation, Network Capacity, Error
Correction, Mathematical Modeling

1. INTRODUCTION

Wireless computing refers to the ability to connect devices and exchange information over a wireless medium.
the objective of wireless computing is based on the principles of electromagnetic waves communication, channel
modeling and network optimization. Key aspects of wireless, such as signal transmission and data packet
manipulation, require mathematical models for their prediction. Pertaining to the theoretical foundation of
wireless communication in the context of wireless computing and including mathematical supporting forms this
paper is also focused. Wireless computing has advanced into a standard element of present-day correspondence
structures, merging billions of instruments and empowering an extraordinary trade of data without the demand to
link physically. From basic communication through the mobile phones, wireless networks cover smart cities to
the IoT making distant devices communicate seamlessly thus changing our everyday life. However, beneath this
omnipresent technology is a network of mathematical formula that traditional wireless systems, whose
deployment is pivotal to control efficiency, reliability and security in wireless communication [1-4].

This paper, Wireless Computing: Wireless Computing: A Mathematical Approach wants to address the
issue of identifying the mathematical structures upon which this field is based upon. Wireless communication is
fundamentally the exchange of signals across a medium, which in most cases is the air, a medium that poses
definite issues such as signal fade, interference and noise. Such challenges are effectively handled through
mathematical models, which assists engineers and scientists deploy better wireless performances. Elements of the
physical approach to this mathematical problem include signal processing, network optimization, information
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theory, and error correction. Wireless technologies are continuously evolving and with the emergence of 5G and
continuous development of IoT that requires more complex and efficient solutions to network, it becomes apparent
that new and more advanced mathematical tools are needed. The theory that underlies different areas of networks
will be analyzed in this paper including propagation models, queuing theory, graph theory, and optimization
algorithms to explain how all these theories can be implemented in order to increase the efficiency, security and
scalability of a network. In addition, we will talk about how these mathematical concepts are useful in the modern
world problem solving including bandwidth assignment, use of resources in wireless networks, as well as
guaranteeing secure communication. By providing a mathematical perspective on wireless computing, this
research aims to contribute to the continued advancement of wireless technology, helping pave the way for future
innovations in areas like smart grids, autonomous vehicles, and pervasive computing [5].

2. SIGNAL PROPAGATION AND PATH LOSS MODELS

Signal propagation in wireless computing is described by electromagnetic wave propagation over free space.
Received signal power is a function of the transmitted power, the distance between the transmitter and receiver,
and the physical environment. Most commonly used model to describe signal attenuation is the Free Space Path
Loss (FSPL) model [6] with program sample shown in Fig. 1 below.

2.1 Free Space Path Loss (FSPL)
The FSPL formula is given by:
FSPL(d,f)=(4ndfc)2\text {FSPL}(d, f) = \left(\frac {4\pi d f} {c}\right)*"2FSPL(d,f)=(c4ndf)2

where:

e ddd = distance between transmitter and receiver (in meters),

o fff = signal frequency (in Hz),

e ccc = speed of light (approximately 3x1083 \times 10"83x108 m/s).
This formula represents the ratio of transmitted to received signal power in a free space environment. To express
the FSPL in decibels (dB), the equation becomes:

FSPLAB(d,f)=20logi/0i10(d)+20logl/0i10(f)~147.55\text {FSPL} {dB}(d, f) =20 \log_{10}(d) + 20 \log_{10}(f)
- 147.55FSPLAB(d,f)=20log10(d)+20log10(f)—~147.55

This relationship is essential for determining how much power will be lost as a wireless signal propagates over
distance.

FSPL Formula:
FSPL (dB)=20-log{/0i10(d)+20-log /011 0(f)+20-logi/0i1 0(4mc)\text {FSPL (dB)} = 20 \cdot \log_{10}(d) + 20
\cdot \log_{10}(f) + 20 \cdot \log_{10}\left(\frac{4\pi} {c}\right)FSPL (dB)=20-log10(d)+20-1og10(f)+20-log10
(c4m)
Where:

e ddd is the distance (in meters).

o fffis the frequency (in Hz).

e ccc is the speed of light (3x108 m/s3 \times 1078 \, \text{m/s}3x108m/s).
Python Code:
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l [1:
.
Fig. 1 Python Code for Free Space Path Loss (FSPL)
Explanation:

o Inputs: The user enters the distance (in meters) and frequency (in Hz).

e FSPL Calculation: The program computes FSPL using the formula.

e Output: The result is shown in decibels (dB).
This program helps determine the signal loss in wireless communication, which is crucial for network design
and optimization [7].

3. CHANNEL MODELING

Communication through wireless is done on a physical medium, known as channel. Some of the factors which
have an impact on the behavior of this channel are some noises, interference and fading. One of those
commonly used models for wireless channels is Additive White Gaussian Noise (AWGN) channel with sample
program shown in Fig. 2 below.

3.1 AWGN Channel

In an AWGN channel, the received signal y(t)y(t)y(t) is modeled as:

y(O=x(O+n(®)y(t) = x(t) + n(O)y()=x(t)+n(t)

where:
o x(t)x(t)x(t) = transmitted signal,
e n(t)n(t)n(t) = noise, which is modeled as Gaussian noise with a mean of zero and variance
NON_ONO.
The power of the transmitted signal is often compared to the noise power to determine the signal-to-noise ratio
(SNR), which is defined as:

SNR=PsNO\text{SNR} =\frac{P_s}{N_0}SNR=NOPs

where PsP_sPs represents the signal power and NON_ONO is the noise power spectral density. This relationship
governs how much interference or noise affects the quality of wireless communication.
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Dr. Arun Kumar Singh-AWGN Channel Simulation (SNR = 10 dB)
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Fig. 2 AWGN Channel

Explanation:
1. Signal Generation: We generate a random binary signal of Os and 1s. This signal is then modulated
using Binary Phase Shift Keying (BPSK), where 1 maps to +1 and 0 maps to -1.
2. AWGN Noise Addition:
o The signal is passed through the add awgn noise() function, which adds Gaussian noise
based on the given Signal-to-Noise Ratio (SNR).
o The SNR is defined in dB, and we calculate the noise power relative to the signal power
using the given SNR.
3. Plotting: We plot the first 100 samples of both the transmitted and noisy signals to visualize the
effect of the AWGN.

Parameters:

¢ SNR (dB): Determines the amount of noise added to the signal. Higher SNR means less noise.

e Signal Length: You can adjust num_bits to simulate longer signals.
This program helps simulate and visualize the effect of an AWGN channel on a simple communication signal.
You can experiment by changing the snr_db value to see how different noise levels affect the signal quality [8].

3.2 Rayleigh Fading

Rayleigh fading occurs when the wireless signal undergoes multiple reflections before reaching the receiver.
The signal is modeled as a random variable with a Rayleigh distribution:

p(r)=ro2e—12202,1>0p(r) = \frac{r} {\sigma"2} e"{-\frac{r"2} {2\sigma”2}}, \quad r \geq Op(r)=c2re—252r2,1>0

where:
e 1rr = magnitude of the received signal,
e o2\sigma”202 = variance.
Rayleigh fading is particularly important in urban environments, where signals encounter many obstacles.

Python Program to Simulate Rayleigh Fading
Below in Fig. 3 is a Python program that simulates Rayleigh fading and visualizes the results using Matplotlib.
This program generates a random Rayleigh fading channel and displays the fading envelope over time
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Fig. 3 Python Program to Simulate Rayleigh Fading
7 .
Explanation:

1. Function rayleigh_fading(num_samples, num_paths):
o Input Parameters:
= num_samples: Number of samples to generate.
= num_paths: Number of multipath components contributing to the fading.
o Process:
=  For each multipath component, the program generates random Gaussian samples representing
the contribution of each path.
= A random phase for each path is generated to simulate the time-varying nature of the fading.
= The contributions from all paths are summed to obtain the total fading sample.
= The magnitude (envelope) of the resulting complex signal is calculated and normalized by the
square root of the number of paths.
2. Visualization:
o The resulting fading magnitude is plotted using Matplotlib, showing how the signal strength varies
over time due to Rayleigh fading.

4. NETWORK CAPACITY AND SHANNON'S THEOREM

The upper bound to the rate at which information can be reliably carried by a wireless channel is then described
by Shannon’s Capacity Theorem which describes the capacity of the communication channel in consideration of
bandwidth and SNR [9].
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4.1 Shannon's Capacity Theorem
The capacity CCC of a wireless channel is defined as:
C=Blog/02(1+PNOB)C = B \log_2 \left(1 + \frac{P} {N_0 B} \right)C=Blog2(1+NOBP)

where:

e CCC = channel capacity (in bits per second),

e BBB = bandwidth (in Hz),

e PPP = signal power (in watts),

e NON_ONO = noise power spectral density (in watts/Hz).
This equation indicates that the capacity increases with bandwidth and signal power, but is limited by noise and
interference. Shannon’s theorem is fundamental in wireless computing, as it sets a theoretical limit on data
transmission rates. The sample Pyton Code program for Network Capacity and Shannon’s Theorem is shown in
Fig. 4 below.

@ O |Q Jyupiter - Search X B Jupyterlite x  +
< @] 0] () https://jupyter.org/try-jupyter/lab/index.html

# File Edit View Run Kernel Tabs Settings Help

=] + c [® Intro.ipynb X | [ untitled.ipynb X | [® untitled1.ipynb
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Filter files by name Q
B / notebooks / import numpy as np
— Name def shannon_capacity(bandwidth, snr_db):
=g Nam Modified File si shannon_capacity( > snr_db)
NN Sm ago 78.1 KB Calculate Shannon's channel capacity.
Al L. 22d ago 6.6 KB Parameters:
L] 22d ago 23.9KB bandwidth (float): Channel bandwidth in Hz.
- snr_db (float): Signal-to-noise ratio in dB.
- ®u 8m ago 758
«MWu 10s ago 758 BRI
float: Channel capacity in bits per second (bps).
v-Wu 17s ago 758

# Convert SNR from dB to Linear scale
snr_linear = 1@ ** (snr_db / 10)

# Shannon Capacity Formula: C = B * Log2(1 + SNR)
capacity = bandwidth * np.log2(1 + snr_linear)

return capacity

# Example usage
if __name__ == "__main__":
# Define the channel bandwidth in Hz

bandwidth = 1le6 # 1 MHz bandwidth

# Define the Signal-to-Noise Ratio (SNR) in dB
snr_db = 20 # SNR = 20 dB

# Calculate the channel capacity
capacity = shannon_capacity(bandwidth, snr_db)

# Display the result
print(f"Shannon Capacity: {capacity:.2f} bits per second")

Shannon Capacity: 6658211.48 bits per second

| o

Fig. 4 Network Capacity and Shannon's Theorem-Python Code

Explanation:
1. SNRn dB to Linear Conversion: Since the SNR is usually given in decibels (dB), the program first
converts it to a linear scale using the formula:
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SNRlinear=10(SNRdB10)\text{SNR} {\text{linear}} =
10~ {\left(\Mfrac {\text{SNR} {\text{dB}}}{10}\right)} SNRlinear=10(10SNRdB)

2. Shannon's Capacity Formula: The capacity is then computed using the formula
C=B-logl/02(1+SNRlinear)C = B \cdot \log_2(1 + \text{SNR} {\text{linear} } )C=B-log2(1+SNRlinear
), where BBB is the channel bandwidth in Hz, and SNRlinear\text{SNR} {\text{linear}} SNRlinear is
the linear signal-to-noise ratio.

S. ERROR CORRECTION AND CHANNEL CODING

Wireless communication is susceptible to errors due to noise, interference, and fading. Error correction
techniques are essential to ensure reliable data transmission. One of the most commonly used error correction
schemes is the Hamming Code, which detects and corrects bit errors in data transmission [10].

5.1 Hamming Code

The Hamming Code is a type of linear block code used for error detection and correction. The minimum
Hamming distance between valid codewords is 3, which allows for the correction of single-bit errors. The
codeword length nnn and the message length kkk are related by the equation:

n=2r—1n=2"r - In=2r-1

where 11t is the number of redundant bits required for error detection and correction.
The Hamming distance between two binary strings aaa and bbb of equal length is defined as:

d(a,b)=Y i=1n(ai@Pbi)d(a, b) =\sum_{i=1}"{n} \left( a_i‘\oplus b_i \right)d(a,b)=i=1} n(aiPbi)
where @\oplus@ represents the XOR operation.
Hamming Code Generation (7,4) Example:

For this example, we’ll generate the Hamming code (7,4), where:
e 4 Dbits of data are encoded into 7 bits by adding 3 parity bits.
e The additional parity bits help in error detection and correction.

Steps:
1. Take 4 data bits as input.
Calculate the positions of the 3 parity bits.
Encode the data with the calculated parity bits.
Simulate an error by flipping one bit and detect and correct the error.

Bl

Fig. 5 shown below is a sample Python program for Hamming Code (7,4):
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return encoded

def detect_and_correct(
File Si # Calculate the

~ encoded[4] ~ encoded[6

Rl ~ encoded[5] ~ encoded(6
6.6 KB ~ encoded[5] ~ encoded[6
23.9KB o get the error position
758 (s2 << 1) + 51
75B if error_position == @:
print("No error detected.”)
else:
-

print("Encoded data with er . encoded)

# Step 3: Detect and correct the error

detect_and_correct (encoded)

data = ata
print(f"Original data: {data}")
hamming_code(data)

Original data: 1011
Encoded data: [0, 1, 1, @, ©, 1, 1]

Introducing error at position 3
Encoded data with error: [0, 1, @, @, @, 1, 1]
Error detected at position: 3

Corrected code: [@, 1, 1, @, @, 1, 1]

I o]

Python (Pyodide) | idle

| e O e R S
Fig. 5 Python Program for Hamming Code

Explanation:
1. Encoding Data:
o The function calculate parity bits() takes 4 bits of data as input and calculates the parity bits.
o The positions of the parity bits are calculated as follows:
= pl=d1@d2@d4pl = d1 \oplus d2 \oplus ddp1=d1Pd2d4
= p2=d1d3Pd4p2 = d1 \oplus d3 \oplus d4p2=d1Pd3Pd4
= p3=d2pd3@Pd4p3 = d2 \oplus d3 \oplus d4p3=d2Pd3Pd4
2. Simulating an Error:
o Inthe hamming code() function, we simulate a single-bit error by flipping a bit (position 3, in this
example).

6. OPTIMIZATION OF WIRELESS NETWORKS

Network optimization is critical in wireless computing for efficient resource allocation and improved quality of
service [11-19]. One mathematical technique widely used for optimization is Linear Programming (LP).

6.1 Linear Programming (LP) for Wireless Network Optimization

In wireless networks, resource allocation problems (such as power distribution, bandwidth allocation) can often
be modeled as LP problems. A typical LP problem for power allocation can be formulated as follows:

Minimize:f(x)=) i=InPi\text{Minimize:} \quad f(x) = \sum {i=1}"{n} P_iMinimize:f(x)=i=1) nPi
Subject to:Ci=Bilogl/02(1+PiNOBi)>RiVi\text{Subject to:} \quad C_i=B_i\log_2\left( 1 +\frac{P_i} {N _0B_i}
\right) \geq R i \quad \forall iSubject to:Ci=Bilog2(1+NOBiPi)>RiVi
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where:

e PiP iPi = power allocated to user iii,

e BiB iBi = bandwidth allocated to user iii,

e RiR iRi= minimum required data rate for user iii,

e NON_ONO = noise spectral density.
This formulation ensures that power is allocated in such a way as to minimize total power consumption while
meeting the users’ data rate requirements.

Fig. 6 shown below is a sample Python program that uses LP for resource allocation in a wireless
network, where the objective is to maximize the total network throughput.

Problem:
e There are multiple wireless users, each with a required data rate.
e  The network has a limited number of resources (e.g., bandwidth or power), and the goal is to allocate
resources to maximize the total throughput.
e  We want to solve the problem using Linear Programming.

Python Program for Linear Programming (using SciPy):

[®] Intro.ipynb X | W] untitled.ipynb X #| Untitled1.ipynb X | [ untitled2.ipynb L ]
B+ XTO O » m C » Code v @

import numpy as np
from scipy.optimize import linprog

# Function to solve LP problem for resource allocation

def wireless_network_optimization(num_users, resource_limits, data_rates):
# Convert data_rates to a NumPy array if it's not already
data_rates = np.array(data_rates)

# Objective function (maximize the sum of allocated resources)
# Since Llinprog minimizes, we will maximize by minimizing the negative
c

= -1 * data_rates

# Inequality constraints (resources should not exceed Limits)
A _ub = np.ones((1, num_users)) # Constraint that total resource <= resource_Llimits
b

_ub = [resource_limits]

#

Bounds for each variable (each user's resource allocation must be >= @)
x_bounds = [(@, None) for _ in range(num_users)]

# Solve the Llinear programming problem
result = linprog(c, A_ub=A_ub, b_ub=b_ub, bounds=x_bounds, method="highs")

if result.success:

print("Optimal resource allocation found!")

return result.x, -result.fun # Return allocated resources and total throughput
else:

print(“No optimal solution found.™)

return None, None

# Example usage:
if _ name__ == "__main__":
# Number of users in the network

num_users = 4
# Total available resources (e.g., bandwidth or power)
resource_limits = 10

# Data rate requirements for each user
data_rates = [2, 4, 3, 1] # These represent the objective coefficients

# Solve the optimization problem
allocations, max_throughput = wireless_network_optimization(num_users, resource_limits, data_rates)

if allocations is not None:
print(f"Dr. Arun Kumar Singh-Resource Allocations: {allocations}™)
print(f"PNG University-Maximum Network Throughput: {max_throughput}")

Optimal resource allocation found!
Dr. Arun Kumar Singh-Resource Allocations: [ @. 1@. ©. @.]
PNG University-Maximum Network Throughput: 42.0

Fig. 6 Linear Programming (LP) for Wireless Network Optimization
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Explanation:

1. Objective Function: The objective is to maximize the total network throughput. This is represented by
the sum of the allocated resources. Since SciPy’s linprog minimizes the objective, we negate the data
rates to turn it into a maximization problem.

2. Inequality Constraints: The total resources allocated to users cannot exceed the available resource
limits. This is enforced through the constraint: ) i=I1nxi<resource limits\sum_ {i=1}"{n} x i \leq
\text{resource\ limits}i=1) nxi<resource limits Here, xix ixi represents the resource allocated to each
user.

3. Bounds: The allocation for each user must be non-negative (no negative resources), hence the bounds
0<xi0 \leq x_i0<xi.

4. Linear Programming Solver: The linprog function from SciPy is used to solve the LP problem. The
method highs is a reliable solver for large-scale problems.

7. CONCLUSION

Therefore, wireless computing is a revolution of the kind of communication, computing, and transmission of
information in the society. Mathematical model and mathematical approaches are very important for the effective
and efficient working of wireless communication system. By applying mathematical models which include linear
programming, stochastic process and statistical method, engineers and researchers are in a position to solve a
number of problems that arise among wireless networks for example signal processing, resource management,
error control and network optimization. The application of the above mathematical models makes it possible to
have better insight into some of the issues affective wireless environment including fading, interferences, and
capacity limitations. In addition, the proposal helps enforce the design of high-quality algorithms and protocols
suitable for dynamic environments to provide quality services to users. As the wireless technologies are being
developed further and further, demands for novel mathematical theories and techniques will grow even more,
resulting in progress in the 5G network and IoT, to mention just a few domains. Last of all, the combination of
mathematics and wireless computing also creates conditions for developing new communication means based on
current achievements and stimulating the constant progress of digital integration in the modern world. On
extending the notion of wire-less computing, mathematics will continue to form a fundamental base for wireless
computing developments, for the solutions to the existing problems as well as the possibilities in future.
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