IDENTIFYING FACTORS THAT INFLUENCE SPORT GAMES
IN MALAYSIA AND OLYMPIC HOSTS COUNTRIES

Motivation

During 2020 Olympics Tokyo, Japan had shown the world that
they are a strong competitor by getting ranked 3rd

This is the first time they ever reach the top three spots.

It pigued My interest in the hosting effect of Olympics.

Research Question

1) What effect does the host country have in the medals won
at Olympics?

2) Is the performance of countries in Olympic games affected
by economic factors of the country?

3) If Malaysia become a host, will it affect Malaysia's total
medal won in Olympics?

Scope of Studies

i

Method

Linear Regression k-mean clustering

Materials

Olympics results are obtained through Wikipedia
Countries GDP are obtained through The World Bank

Literature Review

Host country have advantage when it comes to field
familiarity (Simon Shibli & Jerry Bingham, 2008). Country
with high GDP can affect the country's performance in
Olympics(Andrew B. Bernard & Meghan R. Busse, 2004)

By Aiman Umair Bin Amran, 17146490/1
Supervised by Dr. Nur Anisah Binti Mohamed

Results and Discussions

Hosting Effect Economic Effect

Figure 4 (China) Figure 5 (Brazil)
R = 0.6959 R =0.8203

Figure 1 — Score of countries that have hosted Olympics

Cold = 3 points
Silver = 2 points

Bronze =1 points —

Year O = Year Hosted
Year 1 = Next Games
Year -1 = Previous Games

Figure 6 — China’s GDP VS Brazil’'s GDP

Figure 2 Figure 3

Creece hosted 2 times, but we exclude 1 because the one
of it is the first ever Olympics. Assume Greece hosted once.
Figure 2 reflect figure 3 except for China.

U 0 0

China high medal count due to its GDP.

Application on Malaysia

Malaysia could
increase
medal count if

GDP increase
Moral support from

local supporter is also
host advantage.

Figure 8 — Score of countries Players will be more
that have hosted Olympics confident.

Figure 7 (Malaysia) (Sailing)
R =0.6942 Sailing is one of the geography
advantage that host can get,

Including Malaysia.

) I =E Malaysia is in the same group

e oS Greece by k-mean

However, Malaysia prefer to invest money into

Speculation : Value by value : + 3 medals
football instead of other sports P Y

Percentage : negligible (20% increase)

Conclusion

Hosting Olympics does make its host better at winning more
medals.

Higher GDP make the country better at Olympics.

Malaysia could win more medals at Olympics by improving
their economy and also become a host of Olympic Games.

Recommendation

Malaysia should focus on stabilizing their economic due to
Covid-19 pandemic.

Invest more money into sports that does well internationally
like badminton and field hockey.
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LAGRANGE .
MECHANICS

another useful approach in finding
an equation of motion

WHAT iS LAGRANGIAN

Lagrangian, L is defines as the different between the kinetic energy, T and
potential energy, V

NEWTONIAN

In classical mechanics, we can find the
equation of motion of a system by using
the Newton Second Law of Motion

F=ma

L=T-V That is, an object acceleration is
determined by two variables that is the
net force action on the object and the

The equation of motion can be determined by using the Euler-Lagrange equation, S e —

d (dL\ oL
de\dx] ox

In calculating the Lagrangian, the path that will be taken by the system is actually
the path that minimized the action.

The action is defined as the intergral of the Lagrangian over time LAGRANGiAN vs

Lz

o= renon NEWTONIAN:
PRINCIPLE oF LEAST ACTION

In a physical system, the paths followed by different part of a system are
those that minimized the action. It is said to be stationary path or

stationary functions of a functions.
It is a variational principle to the action of a mechanical system, then the

solution for the mechanical system will follow the path of least action. This
will yields to the equation fo motion of the system

This means the minimum of the action (integral of the Lagrangian) will
give rise to a set of equation of motions for the system and this will give us
the Euler-Lagrange Equation. This can be derive by using the Calculus of
Variations to find a stationary functions of a functions

e The lagrangian methods actually giv
us the equation of motion without
considering forces at all. We only
need to consider energy.

» Besides, we don't need to involve
vector in finding an equation of
motions since energy is a scalar.

* It will become easier to use the Euler-
Lagrange equation because they are
very good at dealing with multiple
coordinates and they actually gave us
the equation of motion for each
coordinate.

The Lagrange is given by, Hence, we have

i == Ii mx = —kx
L= —mx%— —kx2 Essentially, the net force of our system
E . F =ma

The Euler-Lagrange equation is,
d (oL\ dL
dt\dx | adx’

d[d d
( L) = —(mx) = mx

is equal to the force exerted by the spring that is

F =ma=m¥=—kx
Hence, the equation of motion of the system is

.k
X=——x
m

where X is an acceleration.

X

We have,

dt\ox | dt

and

6L_
ax

—kx.
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RBE 1.34 1.02 0.56__0.38
PCA Linear 1.12 0.87 0.62 0.56
Poly 1.31 0.99 0.48 0.40
Sigmoid 1.85 1.29 0.16 0.04

Kernel
RBF 1.25 0.96 0.52 0.51
K- Linear 1.39 1.03 0.41 0.40
mean Poly 1.21 0.94 0.55 0.54
Sigmoid 1.74 1.39 -0.02 -0.04

PCA 1 1.12 0.87 0.62 0.56
0.0899 1.11 0.86 0.62 0.57
Method RMSE MAE R2? Adj R?
SVM 1.11 0.86 0.62 0.57
MLR 1.14 0.89 0.60 0.54

y

=3.9382 + (—0.5339)W; + (0.1891)W, + (0.6593)W; + (—0.1987)W, + (0.0315)W;s + (0.2599) W
+0.2775W, + (—0.3519)Wg + (0.0555) Wy + (0.4578)W;, + (—0.1221) W, + (0.1042)W;,
+ (0.0416)Wy3 + (0.2611)Wy4 + (—0.2706) Wy
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N

/o Let G be a finite group. The square \
of G is the set

G* — {g € G | there exists h € G such that g — h?}.
o Ve may also present it as
G*={¢° | g€ G}.
e The probability that a randomly

chosen element in G has a square
root is defined as

plG) =

1) INTRODUCTION

{-'T-Z-!
Gl
e |tisalways true that

< p(G) < 1.

I,

. )

|G
3) SOME PROPERTIES OF SQUARES OF FINITE

=
GROUPS

%
=
/

odd ordered group is the same as
the order of the group.

Any homomorphic image of a
square is a square.

The conjugate of a square is a
square.

Any element of odd order in a group
has a square root.

The square of the group G is a
subgroup of G if G is an abelian

group.
NNNNSSS—

6) REFERENCES
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N
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e The number of distinct squares in an

/1111111
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2) OBJECTIVES

e |nvestigate properties of the set
of squares of G.

e Study the probability that a
randomly chosen elementin G
has a square root.

e Survey some common patterns
in that probability.

4) PROBABILITY THAT AN ELEMENT IN A
GROUP HAS A SQUARE ROOT

Let G be a finite group. Then
e p(G)=1/|G| if and only if G is an
elementary abelian 2-group;
e p(G)=1itand onlyif |G| is odd.

Let G be a finite abelian group.
Then
* p(G) = 1/(1+t(G)), where t(G) is
the number of involutions of G,
e p(G)<1/2ifandonlyif |G| is
even.

NN

<

\\\\

s

5) SOME FINDINGS

Let n be a positive integer. Then

(i) ﬂ{( ) = %; Gle a b c
(li) IJ{UZT.':I — %; € € d b C
ala e ¢ b

iii) p(Dicy,) = 1
(iii) p( on) 3 s | s I
(i'\-') ﬂ{(gﬁr.-] — *ll c c b 3 e

~ O~ S~ @ —— _____ ____— _ _— _~///

[1] Lucido, M. S. & Pournaki, M. R. (2005). Elements with square roots in finite groups. Algebra Colloguium, 12(4), 677-690.
[2] Jean B. Nganou. (2012). How rare are subgroups of index 2? Mathematics Magazine, 85(3), 215-220.
[31 Small finite groups and cayley tables, http://escarbille.free.fr/group.php, Last accessed: 14.11.2021.
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A SURVEY ON LORENTZ TRANSFORMATION AND THE

Galileo Galilei discovered that laws of mechanics are the same
for all observers. So, given an observation by one observer,
one could translate the observation to another observer by the

Galilean transformation.

Mathematicians: Gauss, Riemann, Lorentz, Poincare, just to
mention a few of them assume that the reality should not only
have more dimensions, but also should be endowed with a
curvature. The curvature should be positive, like of the sphere,
or negative like of the hyperbolic space. The starting point of
this understanding of this connection belongs to the physicist
Albert Einstein, who invented theories of special and general
relativity.

As the first step, our 3-d space and time were not anymore
thought as two separated components, but they became a part
of a bigger space. Namely, they formed the space-time, or a 4-d
space which was furnished with special tool of measurement.
The distance between two points in the space-time was no
longer given by the Euclidean distance, or its metric, but it
become a byproduct of the minkowski metric. The
transformation between two observers was changed from
Galilean transformation to the Lorentzian transformation to

preserve the new type of metric in the universe.

SPECIAL THEORY OF RELATIVITY
SITI MARYAM BINTI SHABUDDIN
INSTITUTE OF MATHEMATICAL SCIENCE
UNIVERSITI MALAYA

Definition 1.23 (Linear and orthogonal transformations). If {e,} and {é,} are two orthonormal
bases for M then there is a unique linear transformation L: M — M such that L(e,) = é, for
each a = 12,34 The linear transformation L:M — M s said te be an orthogonal

transformation of M if g(Lx, Ly) = g(x,y) for Vx,y € M, so, it preserves the length of vectors.
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Machine Learning: Application of Random Forest Algorithms
in Developing Regression Model from Lamb Carcass C-Site Fat Depth Data and Comparison with
Multiple Linear Regression
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Supervisor: Dr. Elayaraja Aruchunan & Dr. Nur Anisah Binti Mohamed @ A. Rahman

Abstract - This study proposes Random Forest Regression and Multiple Linear Regression to predict the lamb carcass C-site fat. Result shows that Multiple Linear Regression with
K-means Clustering has the best performance in terms of the accuracy measurements such as mean square error (MSE), root mean square error (RMSE), R-squared (R?), adjusted
R-squared (adjusted R2) and mean absolute error (MAE). However, as Multiple Linear Regression with K-means Clustering did not meet the assumption of multicollinearity, thus,
the second-best performed method, Random Forest Regression with K-means Clustering become the best model to predict the fat depth of lamb carcass at C-site in this study.

Objective - 1. To build a suitable model to predict the fat depth of lamb carcass at C-site.

2. To compare the predictive accuracy of Random Forest Regression model and Multiple Linear Regression model in lamb carcass C-site fat depth dataset.

Introduction

As the fat depth increase, the trimming cost increase, then the market value
of the lamb carcass decrease. Thus, instead of the traditional fat measurement method
such as manual fingertip palpation, Murdoch University developed an energy-efficient

and portable microwave device to estimate the fat depth of the lamb carcass at C-site.
By using the dataset provided by

Murdoch University, this study
proposes Random Forest
Regression and Multiple Linear
Regression to predict the lamb
carcass C-site fat. This study aims to

build a suitable model to predict the
fat depth of lamb carcass at the Figure 1 Microwave device developed by Murdoch

C-site and compare the predictive University

accuracy of Random Forest Regression model and Multiple Linear Regression model
in lamb carcass C-site fat depth dataset.

Methodology

Random Forest Regression

Random forest regressionis an
ensemble learning  algorithm
based on a large number of
decision trees. To create a single
decision tree, it employs bootstrap
method to extract randomized
samples from original samples. A
random feature subspace is
utilized to select a sorting point at

each node of decision tree. Finally, Figure 2 Illustration of Random Forest Regression
these decision trees are integrated to get the final forecast result using a majority

vote.

Multiple Linear Regression

Multiple linear regression is a traditional statistical method that has been widely used
in identifying the linear association between the independent variables x and
dependent variable y.

Principal Component Analysis (PCA)

Principal Component Analysis, or PCA, is a dimensionality-reduction method that is
often used to reduce the dimensionality of large data sets, by transforming a large set
of variables into a smaller one that still contains most of the information.

K-mean Clustering

K-means clustering divides the dataset into K unique clusters that do not overlap.

Steps of K-means clustering:

1. Randomly select K points as the
initial centroids.

2. Assign all points to their closest
centroid in terms of Euclidean
distance.

3. Recompute the centroids of each
cluster.

4. Repeat steps 2 and 3 until
centroids converge and remain
constant.

Figure 3 Illustration of K-means Clustering

Results and Discussion

Model mmn Adjusted R? | MAE

Random Forest Regression 1.37  1.16 | 0.59 1.25 0.94
Random Forest Regression with PCA 158 124 | 0.54 0.48 0.99
Random Forest Regression with K-means 1.33  1.13 | 0.60 0.58 0.89
Multiple Linear Regression 222 147 033 1.42 1.18
Multiple Linear Regression with PCA 136 1.15 0.60 0.53 0.90
Multiple Linear Regression with K-means 1.15 1.06 0.65 0.64 0.84

Table 1 Predictive accuracy of each model
From the table above, we observed that Random Forest Regression (RFR)
and Multiple Linear Regression (MLR) without unsupervised learning have the
adjusted R-squared 1.25 and 1.42 respectively, which is larger than 1. Hence, RFR
model and MLR model without unsupervised learning method are unreliable. Principal
Component Analysis (PCA) and K-means Clustering have been carried out later to
reduce the dimensions.

MLR with K-means Clustering performs the best within these four models.
This was evident across all measurements, with MSE and RMSE being 1.15 and 1.06,
respectively. The lowest value of MSE and RMSE indicates that the data in Multiple
Linear Regression with K-means clustering are the closest to the line of best fit.
Besides, the MAE of Multiple Linear Regression with K-means Clustering is the lowest,
which is 0.84. This indicates that Multiple Linear Regression with K-means Clustering
has the lowest mean of residuals.

Also, MLR with K-means Clustering yield the highest R-squared and adjusted
R-squared value, which are 0.65 and 0.64 respectively, this indicates that the
independent variables could explain 65% of the dependent variable before adjusted
and 64% of the dependent variable after adjusted. We expect that MLR with K-means
Clustering is the best model, but assumption checking must be carried out before
making conclusion.

Assumption Checking of Multiple Linear Regression

W The assumptions of linearity, normality, homoscedasticity,
0 8.54 and independence are fulfilled. However, the assumption of
1 22.52 multicollinearity does not meet. The high VIF value (larger
: zi'i’g than 10) indicates that the independent variables are

correlated with each other. As there is a violation of
assumption, the Multiple Linear Regression model with

K-means clusterina becomes unreliable. Hence we
that the second-best performed model, Random Forest Regression with K-means

Clustering is the best model to predict the fat depth of lamb carcass at C-site.

Table 2 Multicollinearity
Assumption Checking

Conclusion and Future Work

Multiple Linear Regression with K-means clustering has the best performance, but it
did not meet the assumption of multicollinearity; thus, the second-best performed
method, Random Forest Regression with K-means Clustering, became the best
model to predict the fat depth of lamb carcass at C-site in this study. Hence, we
conclude that Random Forest Regression perform better since there are not many
assumptions to be met as Multiple Linear Regression.

Due to the limited sample size of data in this study, further training and
validation should be carried out to improve the model in predicting the fat depth of
lamb carcass at the C-site.
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Application of Partial Least Square Algorithm in Developing
Model of Fat Depth Measurement

Shrley Chan Suet Yee

17111194/1
INTRODUCTION

Ol

Problem Statement

Carcase trading in Australia is mostly
dependent on carcase weight, with the
guantity of subcutaneous fat affecting
the carcase’s saleable meat production.
As the decreasing of the output of the
lean meat, the increasing labour inputs
are necessary to trim the surplus fat to
achieve customer acceptability. A non-
invasive and non-destructive
techniques has therefore been
developed which is using the
Microwave System (MiS) to determine
the fat in carcase.

Objective

To develop a fat depth prediction
model based on non-invasive
techniques using a low-cost portable
Microwave system.

Scope

To propose a Partial Least Square
Regression model and investigate with
Multiple Regression Model.

Work's Flow Chart

LITERATURE
02 REVIEW

Subjective palpation estimates or
invasive objective cut techniques are the
current Australian industry standards for
evaluating single site fat and tissue
depth in lamb carcasses (Anonymous,
2005). Microwave System (MiS) is more
preferable as the frequency of
microwave is able to differentiate the
distinct various layers especially the
biological tissues that exhibit a high
difference in properties of dielectric
(Marimuthu et al., 2016). MiS is a
microwave measurement method which
is active and based on inverse scattering
(Marimuthu et al., 2016).

Supervisor: Dr. Elayaraja Aruchunan
Co-Supervisor: Dr. Nur Anisah Mohamed A. Rahman
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Principal
Component
Analysis

Multiple Linear
Regression

R-squared

Root Mean
Squared Error

Mean Absolute
Error

04

05

RESEARCH METHODOLOGY

Scatterplots are two- K-Means
dimensional graphs that Clustering
project multivariate data
into a two-dimensional

space defined by only two
variables. The purpose of
Principal Component
Analysis is to get intrinsic
variability in the data.

One of the statistical Partial Least
supervised learning is the Square
building of regression .
models. Often, the Regression
designing, analyzing and

discovering of a model

that based of a sample

from a population is

known as regression

analysis. Mean Squared
The variation proportion Error

that is explained by the

predictor variables.

Average squared Adjusted
difference between the R-squared

predicted value and the
observed value.

Mean absolute difference
between the predicted
value and the observed
value.

RESULTS AND DISCUSSIONS

CONCLUSION

SIN3015 Mathematical Science Project
Semester 1 2021/ 2022

K-means clustering is a
type of partitional
clustering where it
divide data objects such
that there are non-
overlapping subsets
divided and each of data
object belongs to only
one of them.

Partial Least Squares is
a supervised way to say
that the best explain of
predictors in that
direction is the best
directions and
contributing to predict
the response.

The measure of mean
error that explained the
performance to predict
the outcome of an
observation.

Adjusts the Root Squared
when there is too many
variables in a model.

Both the Multiple Linear
Regression model and
Partial Least Square
model with Principal
Component Analysis
have a similar value for
all accuracy measures.
Both models with K-
means clustering
performed slightly
poorer than using
Principal Component
Analysis.

The main objective achieved which is to build a prediction model of fat depth.
Since multicollinearity occurred in the data, it can be concluded that Partial
Least Square is much better than the Multiple Linear Regression model in terms

of R-Squared.

The future work that can be done is to further develop Multiple Linear Regression
to Lasso Regression and Partial Least Square to orthogonal projection to latent
structures or non-linear kernel Partial Least Square. Also, another dimension that
might interested reader for a further work is that instead of using a dimension
reduction method, reader may want to try other shrinkage method or variable
selection method prior to model building process.

06
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Abstract

As the size of VLS| system is getting smaller nowadays, thermal profile is playing an important role in the system since the
high temperature can affect the performance of the system. There is a various of method in determining the thermal profile of

VLS| system. The focus of this study is to use CN method in discretization of the heat equation to obtain the linear system. The
linear system will be solved by using iterative methods, GS and the proposed SOR method. Then, a comparison of the
efficiency between these two methods will be analysed based on number of iterations, computational time and the maximum
temperature. The numerical results will show that SOR is more efficient compare than GS. Therefore, the results for this study
may be beneficial for the future research in solving numerical iterative method. . .

Objectives

Heat Equation

) ) . To discretize function of heat equation
Heat diffusion equation using Crank-Nicolson (CN) method and

aT(? f) form a linear system
’ — . = o o To apply Successive Over Relaxation
CP ot =V [k(?‘, T)VT(T, T) T g(r, T)] (SOR) method in solving the generated
system of linear equation from the heat

i I equation

subject to . 0T(7,¢t) _ . To analyse and compare the
k(r,T)y——+ W, T(r,T) = f;(r,T) performances of SOR method with GS

an; method in solving the generated system

of linear equation

Numerical Approach

e Crank-Nicolsqn (CN) method: averaging the Forward Difference Method (FDM) and Backward Difference
Method (BDM) at n+]

. kAt | _ | | gitAt
T =T = oC. 22 (TS + TS + T + TV — AT + Tl + T + Ty + T — 4T0) + ;E
p p

e Gauss-Seidel (GS) method: approximately like Jacobi method, but it uses updated values in each iteration
i—1 n

1
(k+1) _ (k+1) (k)
T = b= Q@ = ),
¢ j=1 j=1+1
e Successive Over Relaxation (SOR) method: derived from GS method by applying acceleration parameter, ®
i—1 n
1
7+ _ (1 — )1 +—w( b - ZQUY}(:«H) _ Z a, T

‘ j=1 j=1+1

Result

CPU time Percentage of Reduction

Number of Iterations Trnax (K)
(seconds)

Parameters Mesh Size

16 x 16 32 x 32 64 x 64 | 128 x 128 | 256 x 256

353 0.32 295.708

Number of
45 (w = 1.6) 0.16 295.708 87.2521 90.9953 95.8519 94,8925 94,7465

iterations
1266 2.08 295.7138
Computational
114 (0w = 1.8) 0.67 2957138 ) 50.0000 67.7885 86.2598 81.1689 85.4223
time(seconds)
4484 28.02 295.7153
186 (w = 1.9) 3.85 295.7153

15624 308.32 295.7155 ConCIUSion

798 (@ = 1.9) 58.06 2957155 * The CN discretization method was effectively formulated and
then applied to discretize the heat diffusion equation.
256 X 256 53146 492204 | 2957148 e By represent the system of linear equations in matrix form, we
2792 (w = 1.9) 717.52 295.7148 successfully implemented the proposed method and solve the
problem.
* We also manage to show that SOR method is better than GS
method

128 X 128
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A STUDY ON HOMOMORPHISMS

The First Isomorphism Theorem

| NTRODUCT

Homomorphism is a structure-
preserving map f: G — K between
two algebraic objects ¢ and K, of the

same type.

Let f: G — K be a mapping of two
algebraic objects of the same type.
f is a homomorphism

1. If G, K are groups,
Ya,b € G

2. If G,K are rings,

Va,b
€ G

3. If Ris a ring with identity and
G, K are left R-modules,

Ya,b € G,r € R

Let ¢:G - G'bean
onto group
homomorphism. Let
K = Kker ¢.
Then G/K = G’

The Second Isomorphism Theorem

Let G be a group,
A< GandN <G.
Then
A/ANN = NA/N

Consider the groups
G =17,

A =aZand N = bZ.
For any positive
integers a, b,

aZ +bZ _  al

bZ — aZNbZ

®» f isone-to-
one

SUPERVISOR:
PROF. DR. ANGELINA
CHIN YAN MUI

Given G is a finite group
and H,K < G with H c K.
Then (G/H)/(K/H) = G/K.

The Third Issmorphism Theorem

abelian.

G/K is abelian if G/H is

Let G be a group with
normal subgroups 4
and N such that
N <A < G. Then

(G/N)/(A/N) = G/A

By the Third Ring
Isomorphism
Theorem, it can be
verified that (3, x3 +
2x + 2) is a maximal
ideal of Z[x].

The First Isomorphism Theorem

Let ¢: R —» S be an onto
ring homomorphism.
Then R/ ker¢ = S

LetRbearing, S <R
and / < R. Then
s/(SnD=(S+D/I

Let R be aring and let
J € I be ideals of R.

Then (R/])/(1/]) = R/I

Letf:M - Nbea
module
homomorphism with
kernel K.

Then M/K = f(M)

I The Second Isomorphism Thearem

Let Sand T be
submodules of M. Then
S+Tand SNT are
submodules of M and
S/(SNT)=(S+T)/T

The Third Isomorphism Theorem I

Let M be a module
with submodules N, L
suchthat N <L < M.
Then
M/L=(M/N)/(L/N)

1. Themap f: G — K that sends x to log,, x
isa
2. Themap f:Z, — Z, that sends x to x%isa

3. An abelian group homomorphism is also
a

Ikenaga, B. (2018b) The First Isomorphlsm Theorem. Retrleved January 7 2022, from
il ille.ed - -

somorphlsmtheorem html
Scherr, Z. (2015). Math 371 - Ring Isomorphism Theorems. Retrieved January 7, 2022, from

http://eg.bucknell.edu/~zls002/Math371Sp15/Notes/IsoThms.pdf
Applications of the Isomorphism theorems. (2013 February 20). Retrleved January 7, 2022, from
h : i -of-the- hi

OmoZzZMmoMmmT™Mm=D

» f is onto
®» fisone-to-

one and
onto
(G = K)

Letf:G » Kbea

homomorphism between the
same algebraic objects. Then

the kernel of f is

for groups and

for rings and modules.

CONCLUSITON
v' Homomorphism is an useful
tool.

v' The Isomorphism Theorems
allow us to identify two
seemingly different algebraic
objects as one.

NURHIDAYAH BINTI KHAMIRIN (17121745/2) SIN3015 MATHEMATICAL SCIENCE PROJECT
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ON THE HAMILTONICITY OF CUBIC GRAPHS
Nurhannani binti Baharudin (17104646)

Universiti Malaya, Kuala Lumpur.

A hamiltonian cubic graph is a graph with vertices of degree 3 that
contains a Hamilton cycle that passes through all the vertices. In this * To discuss the hamiltonicity of cubic graphs focusing on planar and
project, we discuss some conjectures circulating on the hamiltonicity of bipartite graphs

cubic 3-connected planar graphs (C3CPs) and cubic 3-connected 1 ! eI !
* To discuss on some conjectures related to hamiltonicity of cubic
bipartite graphs (C3CBs).
graphs

We al t C3CPs, C3CB d k-pi that ial
R Ry 3 g RIEES SRRy * To construct some non-hamiltonian cubic 3-connected graphs

ties. B i f th C3CP d k-pi : ble t
VAT e et R S R PIS SRR Ay using some C3CPs and 3-pieces with special properties

construct some non-hamiltonian C3CPs.

Barnette’s Conjecture (1969)

. - Remains Open
Every C3CP graph is hamiltonian. Every C3CB graph is hamiltonian.

Every C3CBP graph is hamiltonian

One of the partial results:

Theorem 3.1 (Holton and McKay, 1985) Let G

Left to right: The first counterexample of 46 vertices

due to Tutte (1946) and of the 6 non-isomorphic non- be a C3CBP on n vertices. If n < 64, then G is
hamiltonian C3CPs due to Holton and McKay (1988). - ) Left to right: The first counterexample of 96 vertices due
hamiltonian. to Horton (1976) and the smallest non-hamiltonian C3CB
Theorem 3.1 (Holton and McKay, 1988) Every C3CP due to Georges (1989).
with 36 or fewer vertices is hamiltonian.
N
Some 3-pieces with Compulsory 3-pieces with Compulsory Edges
Edges of Attachment y of Attachment
1€¢ 1 ec % % : eq €q :
1
ec €c
I I -—— —4 — —4 —4 — — = —4 — e = —e —4
I - - = l' ‘\
: - X Some Construction of Non-hamiltonian C3CPs
(Some Project’s Results)
Theorem 1 Let X and Y be the subgraph of a C3CP Theorem 2 Let X be the subgraph of a C3CP graph G as
graph G as shown below. Let eX and e! be the » shown below. Let e, be the compulsory edge of X. Then G
compulsory edge of X and Y, respectively. Then G is non- == is non-hamiltonian.
hamiltonian. .
-
_eg - \g _eé' z
Theorem 3 Let X,Y and Z be subgraphs of a C3CP i) Theorem 4 Let X and Y be subgraphs of a C3CP

graph G as shown below. If eX,and el are the
impossible edges of attachment of X, and Y, respectively,
then G is non-hamiltonian. 1

graph G as shown below. If eX the impossible edge of
attachment of X, and e} the compulsory edge of
attachment of Y, then G is non-hamiltonian.

() () AN o9
e
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INTRODUCTION OBJECTIVES

(a, b)-KNIGHT'S TOURS ON RECTANGULAR
CHESSBOARDS

(1, 2)-KNIGHT'S TOUR ON RECTANGULAR CHESSBOARDS
Closed (1, 2)-knight's tours

Open knight's tours (2, 3)-KNIGHT'S TOUR ON RECTANGULAR
CHESSBOARDS

(1,2)-KNIGHT'S TOUR ON RECTANGULAR CHESSBOARDS ON
SURFACES

Knight's tour problems on cylinders

(2, 3) - KNIGHT'S TOUR ON CYLINDERS

Knight's tour problems on torus

Knight's tour problems on boxes

mjw In this project, we will focus on the

Which chessboards admit an open or a (2, 3) - knight s,::::sw'th'“ Sxnxk

closed (a, b)-knight's tour within
m X n X k boxes?

e Closed (2, 3) - knight's tours
Theorem 12 :

e Open (2, 3) - knight's tour
Theorem 15: Figure 1: An open (2, 3)-knight's tour
within a5 x 20 x 5 box

Figure 1: A Closed (2, 3)-knight's tour
wihtin a5 x 16 x 6 box

[1] A.J. Schwenk, Which rectangular chessboards have a knight’s tour?, Mathematics Magazine. 64 (1991) 325-332. [2] G.L. Chia, Siew-Hui Ong, Generalized knight’s
tours on rectangular chessboards, Discrete Appl. Math. 159 (2005) 80-98. [3] J.J. Watkins, Knight’s tours on cylinders and other surfaces, Congressus Numerantium.
REFERENCES 143 (2000) 117-127. [4] J.J. Watkins, R.L. Hoenigman, Knight’s tours on a torus, Mathematics Magazine. 70 (1997) 175-184. [5] Y. Qing and J.J. Watkins, Knight’s
Tours for Cubes and Boxes, Congressus Numerantium 181 (2006) 41-48 [6] S.Singhun, P. Ruengmanee and A. Sinna, A closed (2, 3)-knight’s tour on some cylinder
chessboards, AKCE International Journal of Graphs and Combinatorics [7] P. Cull, De Curtins, Knight’s tour revisited, Fibonacci Quart. 16 (1978) 276-285.
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e VLSI (Very Large Scale Integration) system is a process of fabricating more than 1000 transistors onto a chip to create an integrated circuit (IC).
e Smaller and faster devices are the high demands along with the advancement of electronic technologies.
e With reduction in feature of size, integrated circuit becoming more compact. Thus, there is no enough space to add a bigger fan to fix the thermal

issue.
e This leads to the rise of temperature in the system.

e Thermal management is very important because high temperature produced can shorten interconnect and lifetime of devices.

e To determine the thermal profile of VLSI system by implementing Crank
Nicolson method to discretize 2D heat partial differential equation.

e To obtain the result by Geometric Mean iterative method.

e To compare the performance of results obtained from Gauss Seidel and

2D model length is set to 4.75m

The value of parameters are based on property of Silicon

Boundary condition is assigned to zero

The simulation is done using different grid size which are 16x16, 32x32,

Geometry Mean methods.

64x64, 128x128 and 256x256

Methodology

Heat Equation

6T(x,y,t) k 82T (x,y,t) k 82T (x,y,t)

8t pC,  6x? pC,  &y?

1
+—g(x,y, t)
PCy

0<x,y<L t=0

subject to
dT (7t
k(@ T) d(—;) + BT T) =0

First, replaced left side of heat equation by applyin
the forwpard difference with time. . Y SPPYIS

|5T (x, Y, t) _ T!'?}-Fl - TIT,;
b6t At

For the right side, Crank Nicolson is obtained by taking
the average of forward and backward difference
method. Thus, the second-order derivative of T with
respect to x and y can be written as:

i) forward difference method

(T_?H—l _ ZTE'?}'+1 1 T£n+1

n+1 n+l n+1
it1, 1y 1755 — 21 + 1
Ax?

Ay?
i) backward difference method
Tty — 2T + T N T 1 — 2T + T{j41
Ax? Ay?

After substituting into the heat equation, this will be
reduced to:

A+ 4T — AT + T + AT + AT

- (1 + 441)71:1} + A(Tijll,j + Ti’,}—l + Tiill,j + Ti‘fij+1)

Where the parameter,
kAt
© 2pCyh?

In this study, the boundary values are assigned to O.

Right hand side is the initial temperature and the
value is set under room temperature as 293.15K.
Since right hand side is known, boundary values from
the left side will be shifted to the right. As a result, this
system can be expressed in matrix equation,

1+ 42 0 0 0 n+1
+ Tiy
0 1+42 - 0 “0 ntl
TZ,E
0 [ 0 : n+1
T3,3
A= : 0 1441 - 0 : X= : |
0 -~ 0 1441 - 0
0 .. 0 0 :
Tn+1
0 0 0 1+424 N-1,N-1

(1 — 40T + A(T) + Ty + T + T7y) + AT
(1— 40Ty + A(T8 + T + T3y + Ths) + ATYS L + ATYS?
(1 — 4T3 + AT + T2 + T3, + T2 + AT + ATt

(1 - 4Ty + /](TJGN—l +TN2n-1+ T2+ szrl—l,w) + AT

Formulation for Geometric Mean method,
we let the matrix A splitting as stated below,

The linear system in the matrix representation
will be solved by the geometry mean iterative
method

A=D-L-U

Geometric Mean method reduced the
number of iterations and computational
time significantly compared to the
Gauss Seidel method.

where these matrices are diagonal, strictly upper e
triangular, and strictly lower triangular
accordingly.

The general formulation for geometric mean

method are defined as follows: e The larger the mesh size, the higher the

number of iterations, computational
time and maximum temperature.

(D — wl)x? = [(1 — w)D + wL]x* + wB

(D —wl)x! =[(1 - w)D + wUlx* + wB
204D = (51 xz)%

1
where w, © and (.)z denote the acceleration parameter (0 < w < 2), Hadamard product
Hadamard power accordingly.

e in terms of maximum temperature, the
temperature  obtained by  using
Geometric Mean method is comparable
with the results generated via Gauss

The objectives are successfully achieved. The ,
Seidel method.

achievements of this project are as follows:

e The 2D heat equation is successfully
discretized by using CN scheme. The
implementation of CN scheme resulted in
a system of linear equations (matrix form).

e GM iterative methods are managed to
solve on the generated linear systems.

e Based on the Table, the performance of
GM iterative method is better compared
to GS

1) Mohana Sundaram Muthuvuly, J. S. (2011). Half-Sweep Geometric Mean Iterative Method for
the Repeated Simpson Solution of Second Kind Linear Fredholm Integral Equations.
Proyecciones Journal of Mathematics, 65-79.

2) D.M. Causon, C. M. (2010). Introductory Finite Difference Methods for PDEs. United
Kingdom.

3)Buyan, M. H. (2017). History and Evolution of CMOS Technology and its Application in
Semiconductor Industry. SEU Journal of Science and Engineering, 28-42.
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Cayley Tables and Sudoku

We study the connections between Cayley tables of finite group and Sudoku. Besides
that, we investigate on three methods to construct Sudoku table using group cosets.

Let G be a group and H a subgroup of G

A\ Right cosets
Lef O
e O\ Construction 1

Find right cosets of H and the complete set of left
coset representatives (c.s.l.c.r), of Hin G

Example:

G={1,2,3,4,5,6,7,8,9} and H= {3,6,9).

Right cosets: { }, {4,7,1} and { 3

c.s.lcr: {3,4,5}, {6,7,8} and {9,1,2}

Construction 2

e Find left cosets of H and its conjugates in G.

Left cosets

e Find the left cosets of conjugates and c.s.l.c.r.

e Label rows with c.s.l.c.r and columns with left cosets of H.
Example:
s,= {1,(23), (12), (123), (132), (13)} and H = {1, (12)}.
Left cosets of H: {1, (12)}, {(13), (123)} and {(23), (132)}
Conjugates-
={1,(12)
H™={(1, (1

4= {0, (23)) =
Left cosets of H': {1, (12)}, {(13), (123)} and {(23), (132)}

Left coset representatives of H': {1, (13), (23)} and {(12), (123), (132)}
E— Left coset
reprentatives of H*

(1 2)

}
3) (1 23)

Cayley-Sudoku Table
of H c t t -
‘ -~ onstruction
“_) e Apply Construction 1 on H to form a Cayley-Sudoku table of H.

e Let {a, a,, @, a,} and {b,, b,, b;, b,} be c.s.l.c.r and complete set of right coset
representative of H respectively.
Cayley-Sudoku Table e Multiply columns and rows from Cayley-Sudoku table of H with {bi, b, bs, b}

of Z, and {a,, a,, a,, a,} respectively.
Example:

Z.-{0,1,2,3.4,5,6,7} and H = {0,2,4,6}.
Step 1
e Apply Construction 1on H and A = {0,4} is a subgroup of H,
e Right cosets of A: {0,4} and {2,6}.
o cs.lcr:{0,2} and {4,6}.
Step 2
e Right cosets of H: {0,2,4,6} and {1,3,5,7}
e Accordingly, {0,1} is the left coset and right coset representatives.

e Add columns and rows from the Cayley-Sudoku table of H with {0,1} and to
get the Cayley-Sudoku table of the whole group.



ABSTRACT

COVID-19 offers an urgent global concern because of its
contagious nature, regularly changing traits, and the lack
of a vaccine or effective medlcaths A strategy for
measuring and limiting the contlnumg development of
COVID-19'is urgently required to dell‘:ver smart health care
services. Artificial intelligence, machine learning, deep
learning, cognitive  computing, cloud computing, fog
computing, and edge computing afe all examples of

OBJECTIVE

To collect the daily covid 19 data from the
reliable sources

To\\ use SIR model to develop
apprOX|mate data to compare with
actual data

To develop MATLAB code for SIR model
To analyse trend of covid-19 in Malaysia

advanced intelligent computing. For smart health care
and the well- belng of MalayS|a peqp\‘e\\'&h research

DIFFERENTIAL
EQUATION

Susceptible, ds/dt = -Bis
Infected, di/dt= Bis- yi
Recovered, dr/dt=yi

to be able to deterﬁmm\\a\ the behaV|o
pandemic, knowmg the humber of susceptlble |
and recovered patrents each day iscrucial. It predlc, il

situation over the next 646 days. COVID-19 will eXpand
throughout the population or die off in the long run,

according to the proposed system.

ACTUAL CASES AND
APPROXIMATE DATA

CUMULATIVE RECOVERED
AND SIR MODEL

,/)

. \&
Z
4

2l /

L

CUMULATIVE INFECTED

AND SIR MODEL CONCLUSION

SIR models inconsistent because

e These oversimplified models neglect the
factors that have a significant impact on
illness progression.

e Assumptions that are not always true
(system is always closed, recovered
individuals are assumed as immunized)

e Changes of properties of virus Covid 19
(omicron,delta)

References
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PERFORMANCE ANALYSIS OF SUCCESSIVE OVER
RELAXATION (SOR) METHOD IN DETERMINING PEAK

JUNCTICN TEMPERATURE OF SEMICONDUCTCR DEVICE

Muhammad Hakimi Bin Ab Wahab
Dr. Elayaraja Aruchunan

ABSTRACT

In order to improve device reliability and make operating life last longer, many microelectronic devices have been derating junction

temperature. If the junction temperature exceeds its limit, it can damage the electronic devices in an undesirable manner. Therefore, as a
solution we can use thermal control system to achieve high performance of electronic system. The numerical approach to predict the peak
junction temperature of semiconductor devices will be used to discretize the heat conduction equation. In the first step, Crank-Nicolson
method finite difference will be used to discretize the heat conduction equation. Next, Successive Over Relaxation (SOR) and Gauss-Seidel
(GS) iterative methods will be applied to solve the generated system of linear equations. Based on results obtained, it clearly shows that
SOR method gives less number of iteration and computational time compared to the conventional GS iterative method. However, in terms

of accuracy of peak junction temperature, both tested methods are comparable.

OBJECTIVE

1)To discretize the heat conduction equation by using Crank Nicolson numerical
scheme.

2)To apply SOR method in solving the generated system of linear equation from
heat conduction equation.

3)To compare the performances of SOR method with GS method to solve the peak
junction temperature.

RESULT

REFERENCES

INTRODUCTION

Junction temperature is the highest operating temperature of semiconductor
device. In order to determine the reliability and performance of semiconductor
devices and power devices reliability, junction temperature is a very important
parameter to be measured. In this study, to monitor the temperature of
semiconductor, mathematical modeling is used to predict IC junction temperature.
One-dimensional heat conduction equation will be used to predict ICjunction
temperature.

METHODOLOGY

First, the heat conduction equation will be discretize using Crank
Nicolson method. Then, it will form a system of linear equation. After
that, iterative methods will be applied to find the peak junction
temperature. The Iterative method that use is SOR and GS method.
Both methods will be compared to find the best effectiveness.

CONCLUSION

In conclusion, this research is focus on finding peak junction temperature of semiconductor
devices on Printed Circuit Board (PCB). The heat conduction equation is used in solving the
thermal systems. Therefore, the results of this studies as follows:
1)The Crank-Nicolson method successfully applied in the heat conduction equation to form a
linear system after discretize using that method. A linear system is solved using GS and SOR
method.
2)The SOR method is successfully applied in solving the generated system of linear equation
heat conduction equation.
3)The SOR method can give less number of iterations and computational time compared to
GS method and both methods can give same maximum temperature.

Therefore, in determining the peak junction temperature of semiconductor devices, the
SOR method is more efficient compared to GS method.

1) Ammous, A., Ghedira, S., Allard, B., & Morel, H. (n.d.). Choosing a thermal model for electrothermal simulation of Power Semiconductor Devices. PESC 98 Record. 29th
Annual IEEE Power Electronics Specialists Conference (Cat. No.98CH36196). https://doi.org/10.1109/pesc.1998.703403
2) Andresen, M., Ma, K., Buticchi, G., Falck, J., Blaabjerg, F., & Liserre, M. (2018). Junction Temperature Control for more reliable power electronics. IEEE Transactions on

Power Electronics, 33(1), 765-776. https://doi.org/10.1109/tpel.2017.2665697

3) Babajide Johnson, O., & Idowu Oluwaseun, L. (2020). Crank-Nicolson and modified Crank-Nicolson scheme for one dimensional parabolic equation. International Journal
of Applied Mathematics and Theoretical Physics, 6(3), 35. https://doi.org/10.11648/j.ijamtp.20200603.11

4) Babajide Johnson, O., & Idowu Oluwaseun, L. (2020). Crank-Nicolson and modified Crank-Nicolson scheme for one dimensional parabolic equation. International
Journal of Applied Mathematics and Theoretical Physics, 6(3), 35. https://doi.org/10.11648/j.ijamtp.20200603.11

5) Dessalew, G., Kebede, T., Awgichew, G., & Walelign, A. (2021). Generalized refinement of Gauss-Seidel method for consistently ordered 2-cyclic matrices. Abstract and

Applied Analysis, 2021, 1-7. https://doi.org/10.1155/2021/8343207
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ABSTRACT

We study the spread of COVID-19 and simulate the transmission of COVID-19 within the campus depending on various behaviors and movements of people and numerous variables that
may affect the outcomes of the simulation that can provide a theoretical contingency plan for the authority. The simulation model was based on a simple susceptible-infected-recovered
(SIR) model with a total population that is not kept constant depending on the scenario of the simulation. By comparing the data and outcomes from these different scenarios, we can
conclude that by implementing social distancing and various countermeasures with full obligation from people and strong policies from the authority, the spread of COVID-9 can be curbed

and be under control.

INTRODUCTION

COVID-19 is very infectious disease, and it can spread
to a scale that very unpredictable and deadly to
human’s survival. The uncertainty of the spread of
COVID-19, its evolution and how it affects the daily
basis of the people makes it really hard for the
authority to make it a priority at the beginning,
especially with the difficult trade-offs given the health,
economic and social challenges it may raises and
eventually worsen.

COVID-19, according to the report, was an "awful
wake-up call" and "the Chernobyl moment of the 21st

century." It claims that the current system s
unsuitable to prevent the spread of a pandemic
caused by a novel and highly contagious bacterium
that might arise at any time. From here, we able to
deduce that much faster response from the authority
is needed as the COVID-19 virus has been discovered.
Thus, we need to able to predict the spread of
COVID-19 with current conditions and trajectory. For
that, our study will use agent-based model to
showcase the spread of COVID-19 and obtain the
outcomes of the spread so future planning can be
done and a full contingency plan can be prepared
before the outbreak happens.

OBJECTIVES

a) To investigate the spread of COVID-19 on campus by incorporating the random movement of people.
b) To study the effectiveness of control measures in curbing the spread of COVID-19.
c) To provide a contingency plan to authority in controlling the spread of COVID-19.

METHODOLOGY

We use GAMA platform as our simulation platform. The
model is based on three main agent profiles which is
Susceptible, Infected and Recovered. Agent will have
their profile changed in every simulation step based on
the probability for them to get infected and recovered.

Initial parameters:

« infectivity rate =1.00

« recovery rate = 0.90

« infection range = 2 meters

« duration of the simulation = 200 days

« population = 20000 people with 10 infected agents
« area of study = Universiti Malaya

« speed movement of agents = 2-30km per hour

ASSUMPTIONS

«Tendency for agent to leave from initial position =
100%

«Their movement are based on travelling on roads only.
«Infection happens when the agents are within infection
range with the infected agents

-Recovered agents can be infected again (multiple
infections).

«For multiple infection, the probability is set between
0.17 and 0.23.

«The recovery rate will stay constant at 90%.

«The control measures used in the simulations are not
specific.

«The infectivity rate is halved after implementing
control measures.

The number of infected and recovered was recorded
from every single simulation step and a display of
agents, buildings and roads with a graph will be
produced as visual representation.

@ Susceptible [ ] Infected

GRAPHS

The graphs showed the
outcomes of different
scenarios with different
parameter values (infection
by airborne, implementing
social distancing and control
measures) and comparing
them with initial condition
(infection by close contact,
no social distancing and
control measures).

As we can see, infection by
airborne are much deadly and
greater compared to
infection by close contact.
Implementing social
distancing and control
measures are able to reduce
the total number of cases
until it reaches zero.

Airborne

Social distancing

Control measures

Much wider infection range means more
people or agents able to interact to each
other. This will allow the infection to
become more pronounced and will spread
much faster to more people by day.
Because of that, the infected cases will
stay high even with high recovery rate.

Less population means much lower
population  density. People are not
confined, and common areas can be much
less crowded. This will reduce the number
of people that may be within close
proximity with the infected ones hence
reduce the probability for people to get
infected.

Control measures are being proven as one
of the best ways to prevent the infectivity
of COVID-19 from staying high. Therefore,
with much lower infectivity rate and high
recovery rate, people can recover much
faster compared to get infected.

CONCLUSION

COVID-19 can be spread to people, either close proximity or by airborne. Thus, by implementing several control measures including social distancing as soon as possible can lessen
the impact of infection thus reduce the daily COVID-19 cases until non-existent. However, this result only can be achieved if the control measures are being implemented with full

authority and complete obedience.

Therefore, more extreme moves should be taken by the authority to ensure that the community do follow the rules in order to curb the spread of COVID-19 to the fullest.
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INTRODUCTION

OBJECTIVE RESULT AND DISCUSION

Mag Min 1st Qu. Median Mean 3rd Qu. Max StandardDev. Variance

6.5 18 32 39 3951 46 66 10.58 111.91

6.6 15 24 31 3116 38 53 8.37 70.03
6.7 12 19 25 25.18 30 42 6.77 45.87
6.8 7 16 19 2019 24 19 5.65 31.95

METHODOLOGY
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NUMBER OF EARTHQUAKE WITH MAGNITUDE ABOVE 6.5

Observation e Poisson distribution e \egative Binomial distribution

Mag | Annual | DF | Poisson distribution Negative Binomial distribution
rate
Chi critical | Model K- Chi critical | Model
square | value accepted/ | value square | value accepted/
rejected rejected

6.5 39.5 70 | 1003.1 | 90.5 Rejected 21.6 68.2 90.5 Accepted

6.6 31.2 60 | 239.7 79.1 Rejected 25.0 40.5 79.1 Accepted

6.7 25.2 50 | 121.7 67.5 Rejected 30.6 36.0 67.5 Accepted

6.8 20.2 40 | 99.6 55.8 Rejected 34.6 32.0 55.8 Accepted

REFERENCES CONCLUSION
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MODELLING THE EFFECT OF COVID VACCINES
WANING IN THE SPREAD OF DISEASE

ABSTRACT

A new compartmental model is proposed for studying the novel coronavirus (COVID-19) spread in Malaysia by incorporating the effect of the COVID vaccine waning. Considering
that there is a possibility for a person who has got vaccinated to get infected and thus spread the virus depending on the vaccine effectiveness. Furthermore, a mathematical
analysis is carried out to find the epidemic equilibrium and the basic reproduction number, Ro of the proposed model. The impact of various embedded parameters such as the
transmission rate, vaccination program, outcome of the percentage of the vaccinated population and the type of the vaccines wanes over time were explained in the numerical
results. Then, the Nelder-Mead algorithm is used as a method in optimization with real data is conducted and the prediction on transmission trajectory of COVID-19 with the effect
of vaccine waning was produced. By comparing all the data obtained, we can conclude that although getting vaccinated against COVID-19 can continue to reduce the risk of
infections and death, a COVID booster is recommended for COVID vaccines that have a fast-waning rate. Through this paper, herd immunity is expected to achieve when 80% to
90% of people are needed to be vaccinated.

a) :':eper:(::eo?(r:nout/f;;n‘:zziic:em;j::ln:recasiing transmission of COVID-19 in Malaysia by incorporating IN'T'AL MODEL PA AMETERS AND

b) To study the impact of vaccination programs on COVID-19 outbreaks.

c) To investigate the percentage of people who need to be immune against covid-19 disease in order to INTERPRETAT oNs

achieve the herd immunity.

MCDEL FRAMEWORK

RESULTS AND DISCUSSICON

Since our model is a nonlinear equation, it might be impossible to use an analytical method to solve it. However, in the numerical simulations section, we decided to use ode15s
in MATLAB as a numerical method for this project.

The impact of vaccination program

Figure 1. The flow chart of the disease transmission In Figure 2 (a), we notice that the impact of the vaccination

program does show a significant decrease in the number of
infected cases from vaccinated. On the day of the 100th, we
observe a reduction of 87.39% for those who have been

i to the ible people. The same goes for
the number of cumulative deaths in Figure 2 (b), where there is a
reduction of 91.55% on the day of the 300th for those who have
been vaccinated. Therefore, from the results obtained, we can
conclude that COVID-19 are effective at preventing infection,
serious illness, and death. Vaccination can help protect those who
are vaccinated as well as those around them by reducing the
transmission of disease.

MCDEL EQUATIONS

The disease transmission in Figure 1 can be expressed in the
form of nonlinear ordinary differential equations as below

MODEL ASSUMPTICNS

ds psi oBSI 1) The total size of population remains constant s
5 5
TN ¥ x where N = S +Es +Is +R +D +V +Ev +Iv.
dE <1 2) The population are mix homogeneously. The impact of transmission rate The quantitative analysis in Figure 3 (a) can be explained by
s BSI;  ofVl, X comparing the highest number of infected cases for = 0.5 with =
dt ~ N N AE; 3) A constant population was assumed due to the 0.4 and 03. We observed there is a reduction of 35.87% in the

number of infected cases for = 0.4 while = 0.3 shows a reduction

di the short time period for the model development up t0 72.91%. Meanwhile, on the last day of the simulations (300th
5

= _ _ _ . i . . days) in Figure 3 (b), there is a reduction of 13.81% and 39.54% in
dtr AEs — (1 — reo)ls — ksl and projection, wherein changes of birth and the number of cumulative deaths for = 0.4 and 0.5 respectively. In
dR death rates would be negligible. ottt o o havs e st UL fo s oo s e
i =(1—r)epu+ (1 —r,)u 4) The death rate is constant in time. to the decreased number of infected cases in figure 3 (a). Therefore,
T we can conclude that the lower the rate of transmission, the lower
5) Th probability of being infected does not depend the risk to get infected by COVID-19 and thus reducing the number
d . of cumulative deaths. Practising preventive measures such as
— = ket x [T on factors such as age, gender or social status. physical or social distancing, quarantining, covering coughs and
dt ge, g
6) Th " i d " tic infecti . sneezes, hand washing, and keeping unwashed hands away from
dv 20 ﬁVI € asymptomatic and symptomatic infection is Figure 3 4. The impactof transmision rae 0 Figure 3 5. Th impact oftransmision rae o the mumber of deaths the face can minimize the risk of transmissions.
v
oS ignored
dt N & g
dE S Vi 7) The risk of virus mutation or the emergence of . - . .
v ofSl;  aBVli, I : o o of the v ion achieved for COVID-19 disease From the simulation results obtained in Figure 4 (a), on the day of
a N N v variants that partly evade vaccine is negligible. the 100th, we observed that when the vaccinated people have

reached 60% of the population, there is a reduction of 85.61% in the
dl

v
dr AE, — (1 — x)ppt — Ky lyT

number of infected cases and when the number of vaccinated have
reached 80% of the population, there is a 99.14% reduction from the
40% vaccinated population. The same goes in Figure 4 (b), where
we noticed a decline in the number of deaths due to an increase in
the percentage of vaccinated people. On the last day of the

simulations (300th day), the 60¢% vaccinated people have reduced to
48.25% number of deaths which is lower compared to 58.83% for
the 80% vaccinated people. Therefore, we can conclude that the
total percentage of vaccinated people are needed to achieve herd

THE EPIDEMIC EQUILIBRIUM AND THE BASIC
RERODUCTION NUMBER, RO

immunity is estimated at around 80% to 90%. However, this only
can be achieved if the viruses are not mutated or the emergence of

Figure 4 a). Figure 4 &) variants that partly evade vaccine-induced antibodies.

The effect of vaccine wanes over time

Figure S (a). The three types of vaccines wanes over time [3.4] Figure § (b). The effect of COVID vaceines wanes o the infected cases Figure § (0. The ffect of COVID vaceines wanes to the number of deaths

In this section, we would like to focus on three types of vaccines that are mostly used in Malaysia for vaccination drive which are Pfizer-BioNTech, AstraZeneca and
Sinovac. The decline of the respective vaccines is being illustrated in Figure 5 (a). From Figure 5 (b), we observed that Sinovac shows the highest number of infected cases
achieved compared to the other vaccines. About 176% increase in the number of highest infected cases calculated from the Pfizer-BioNTech while AstraZeneca only shows
about 28% increases. Furthermore, on the last day of the simulations (300th day) in Figure 5 (c), Sinovac has increased up to 133% in the number of cumulative deaths
while AstraZeneca has slightly increased to 8% from the number of cumulative deaths of Pfizer.

In conclusion, a COVID booster shot might be needed for Sinovac recipients to provide an extra layer of protection due to the faster waning period. These results also have
helped to shape the current booster recommendations in Malaysia

CONCLUSION

From all the data obtained, we can conclude that getting vaccinated against COVID-19 can continue to reduce the risk of infections and deaths. Despite the vaccine effectiveness decreasing over time,
the problem is still solvable by registering COVID booster shots for fast-waning vaccines. Besides the vaccination, there are other ways that can help to reduce the spread of the disease which is by
implementing various countermeasures such as social distancing, wearing a mask in public and quarantining. On the other hand, vaccination also has been proven as one of the primary methods to
achieve herd immunity in such a short period of time compare to natural immunity. Therefore, herd immunity can be achieved if at least 80% to 90% of the total population are vaccinated and only the risk
of virus mutation or the emergence of variants that partly evade vaccine is negligible.

[1]. M. (n.d.). GitHub - MoH-Malaysia/covid19-public: Official data on the COVID-19 epidemic in Malaysia. Powered by CPRC, CPRC Hospital System, MKAK, and MySejahtera. GitHub. Retrieved September 20, 2021, from i ia/covid19.
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1. Introduction and objective

@ A typical problem in Additive Combinatorics: Given an additive assumption about a set, we study the structure of the set.

@ Sarkozy's conjecture is one such problem.
@ We shall survey the progress made towards Sarkozy’s conjecture.

2. Formulation of the problem

Recall the definition of a sumset.

o Let IF, be the finite field of n elements. Let A, B be subsets of an additive
abelian group G C [F,,, then the sumset of A and B is defined as

A+B={a+b|acAbec B}

In 2012, Sarkozy introduced the following generalisation.

o If Aj, Ay, ..., Ax CF,and |Aj| >2forall i =1,2,..., k, such that

Al +Ar+---+Ac=BCF,,

then A; + Ay + - - - + Ag is said to be a (nontrivial) k-decomposition of B.

4. Sarkozy's conjecture

3. Definitions

@ Let p be an odd prime. If the quadratic congruence x> = a (mod p) has a
solution, then the integer a is a quadratic residue mod p. Otherwise, a is
a quadratic nonresidue mod p.

@ The Legendre symbol, (%) is 1 if a is a quadratic residue mod p, —1if a
is a quadratic nonresidue mod p, and 0 if a is divisible by p.

@ Let G be a finite abelian group. A character f of G is a group
homomorphism from G to the multiplicative group of the complex field C.

@ Let G be the group of reduced residue classes mod n. The Dirichlet
character mod n is an arithmetic function x = xr for each character f of
G such that

if gcd(a, n) = 1;

if gcd(a, n) # 1.
Here, 4 denotes the residue class of a modulo n.
o The Legendre symbol is a special case of the Dirichlet characters.

Let p be a large enough odd prime and let IF, be the finite field of p elements. Let Q, C IF, denote the set of quadratic residues modulo p. Then there are no

sets A, B C IF,, with |A|,|B| > 2 such that

A+B=Q,

That is, the set @, has no nontrivial 2-decomposition for large enough prime p.

5. Main strategy

@ Assume that a 2-decomposition of @, exists, find bounds for the
cardinalities of the sumset.

@ The crux of most proofs rest on bounds of character sums.
@ A common and crucial tool used is the Weil bound.

@ Other tools to consider are algebraic results since @, is a multiplicative
subgroup of IF,,, as well as results for complex functions as group
characters are complex-valued functions.

7. The case for A=B has been solved (Shkredov, 2014)

Using the Weil bound, the Cauchy-Schwarz inequality, and other results for com-
plex functions, Shkredov obtained the following: Let p be an odd prime. Let
A C I, and @, be the set of quadratic residues mod p. If A4+ A = Q,, then
p=3and A= {2}.

9. Related problems: k-decompositions of @,

@ The case for k = 3 was first solved by Sarkozy for large enough prime p.
@ Chen & Yan improved Séarkozy's result by removing this requirement:
@ For any odd prime p, the set Q, has no nontrivial 3-decomposition

A+B+C=Q
with |A|,|B], |C| > 2.

Main references

6. Lemma (Weil bound)

Let x be a multiplicative character of order d > 1 of F, the multiplicative
group of the finite field of F,. Assume that the polynomial g(x) € F,[x] has S
distinct zeros in the algebraic closure of IF,, and g(x) is not a constant multiple
of the d-th power of a polynomial over IF,. Then

S egx)| < (S - 1)vp.

x€F,

8. Latest progress towards the conjecture (Chen & Yan, 2021)

Using the Weil bound and the Cauchy-Davenport Theorem, Chen & Yan showed
the following: Let p be an odd prime. If the set of quadratic residues modulo p
has a nontrivial 2-decomposition A+ B = Q, with |A|,|B| > 2, then

7- 7
\/_\/_+1<|A| 1B| < +\/—\/‘ 6.63.

10. Related problems: 2-decompositions of the set of primitive
roots mod p

@ In 2013, Dartyge & Sérkozy conjectured that the set of primitive roots
mod p has no nontrivial 2-decompaosition for large enough prime p.

@ Although Dartyge & Sarkozy (2013) and Shparlinski (2013) obtained
parital results for this conjecture that are similar to that of the
2-decomposition of @, it is still unsolved.

[1] Y.G. Chen and X.H. Yan, A conjecture of Sarkdzy on quadratic residues, J. Number Theory 229 (2021), 100-124.

[2] A. Sarkozy, On additive decompositions of the set of quadratic residues modulo p, Acta Arith. 155 (2012), 41-51.
[3] I.D. Shkredov, Sumsets in quadratic residues, Acta Arith. 164 (2014), 221-243.

[4] I.E. Shparlinski, Additive decompositions of subgroups of finite fields, SIAM J. Discrete Math. 27 (2013), 1870-1879.
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PERFORMANCE ANALYSIS OF GEOMETRIC MEAN METHOD IN
DETERMINING THE PEAK JUNCTION TEMPERATURE OF

SEMICONDUCTOR DEVICE

Introduction

o High performance electronics generate excessive junction temperatures, which
compromise the performance of device

© To prevent device failure, high reliability users of microelectronic devices have
been derating junction temperature

o Therefore, detailed calculations and simulations must be carried out to optimized

the reliability
1-D Heat Conduction Equation
. ar ar
Given Kﬁ—pca O<x<L t>=0

The given initial condition: ~ T(x, 0) = 294 Kelvin

ar
SK—

— —P
dx x=0

Boundary conditions: TLt)=T;, . t>0

in

where,

T = Absolute temperature S = Surface area p = Mass density of silicon

K = Thermal conductivity L = Thickness of vertical device ¢ = Specific heat of silicon

Iterative Method

In this section, Geometric Mean (GM) method will be used
to solve the previous linear system
(D — wL)T! =

GM consists of solving two independent systems i.e.,Tland T2

By splitting the matrix A,

P_in = Input power
T_in = Input temperature

Form the general formulation,

|

|

|

:

! (D— w)T? =[(1— w)D+ wL]T™ + wB
|

| T+ = (T1 TZ)%
|

|

|

|

|

I

1.To apply the Crank-Nicolson (CN) scheme to discretize a 1D heat conduction
equation into a linear system of equation

2.To validate the performance of Geometric Mean (GM) method in solving the
generated linear system from 1D heat conduction equation

3.To compare the efficiency of the proposed CN-GM method with CN-GS

Discretization Scheme

For this part, CN scheme will be used to discretize the

Ilfc : igg previous heat conduction problem. The derivative
T, = 300.15 Kelvin approximation are as shown below:
Pin = 200W : .
First order derivative: oT TiJ+1 —T]
ot At

Second Order Derivative:

a’T 1 (T -21+T),,
ox 2

1o+l
1 Tiq 72T +Tipy
(ax)?

(ax)?
(Ghaffar et. al., 2008)

After substituting into the heat equation and boundary, a
linear system will be obtained,

T/ + (14 20T — aT)/] = aT) , + (1 - 20T} + aT},,
_ _Kv
where o= P—T—

[(1— @)D+ wU]T® + wB

The equation will then be expressed for eachi =1, 2, 3,..., n-1.
Then a matrix representation of the linear system is obtained

where )
PR ¢ D is diagonal matrix The value of weighted parameter, w is between 1+a -« 0 0
e e L is strictly lower triangular matrix | 0 < < 2 and is chosen by trial-and-error process —a 1+2a —«a
e -Uis strictly upper triangular matrix (Muthuvalu & Sulaiman, 2008) a=| o “a  14+2a - 0
—a
0 0 —a 1+ Za
Results
. S .
. oT) + (1 - 200T] + T} + Py, (55)
T, : . .
Tliﬂ ot} + (1 — 20T} + aT)
250,000 15 2
200,000 = B=
150,000 10 T
' N-2Z : q q
1 ofy_; +(1—2a)T)_, +aT}_,
100,000 T j - j
5 aTy_; + (1 — 2e)Ty_y + 0Ty + oTip ]
0 0
30 60 20 120 150 30 60 90 120 150

Figure 1 Comparison in terms of number of iterations

Trendline for when t = 0.002, 0.006, and 0.010

For all cases of t=0.002, 0.006 and 0.010, with
different mesh grid sizes

Numerical Simulation

Figure 2 Comparison in terms of execution time (s)

e Simulations are conducted for mesh grid sizes 30, 60,
90, 120, and 150

® Also, different elapsed time will be considered, t =
0.002, 0.006, and 0.010

® The number of iterations of the GM method is reduced compared to GS method

® The execution time of the GM method is less compared to GS method
® The maximum temperature for both the methods is the same

Conclusion

1.Numerical approach based on CN scheme has been successfully
implemented to the 1-D heat conduction equation

2.GM method greatly reduced the number of iterations and execution
time when determining peak junction temperature

3.The proposed CN-GM method outperformed the CN-GS method in

solving the linear system

® Gauss-Seidel (GS) is used as control method

e Convergence criteria, £=10"1°
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A field is one of algebraic structure which < < <

consists of a set of elements where the Flnlte Fleld & ItS
operations such as addition, subtraction, multiplication, and .
division satisfy certain properties. The best example is the real P t
numbers, along with the fields of rational numbers and complex roper leS
numbers. These are all infinite fields as each contains an infinite number of tinct

elements. Certain finite sets also satisfy the field properties when assigned appropriate
operations. These finite fields and its properties are the focus of our discussion here.

Abstract Algebra Polynomial Ring

G A polynomial ring is a commutative ring formed from the set of polynomials in one or more
roup indeterminates or variables with coefficients in another ring, or often a field.
Polynomial Ring Over Field
Division algorithm for F[x]
Remainder Theorem

Ring

Factor Theorem

Congruence & congruence classes

The concept of "congruence" may be thought of as a generalization of the equality relation. Two integers a and b
are equal if their difference is 0 or, equivalently, if their difference is a multiple of 0. If n is a positive integer, we say
that two integers are congruent modulo n if their difference is a multiple of n. To say that a - b = nk for some integer

k means that n divides a - b. So we have this formal definition:

Congruence in F[X]

The concept of congruence of integers depends only on some basic facts about divisibility in Z. If F is a field, then
the polynomial ring F[x] has essentially the same divisibility properties as does Z. So it is not surprising that the
concept of congruence in Z and its basic properties can be carried over to F[x]

Extension Field

Field extensions are fundamental in algebraic number theory and in the study of polynomial roots through Galois
theory and are widely used in algebraic geometry.

Finite Extension
Field

A field is a set F on which two binary operations, called addition and multiplication, are

defined and which contains two distinguished elements 0 and e with 0 =/=e. The field, F is

an abelian group with respect to addition having 0 as the identity element, and the

elements of F that are not 0 form an abelian group with respect to multiplication having e . .

as the identity element. The two operations of addition and multiplication are linked by the Algebralc EXtenSlon
distributive law a(b + c) = ab + ac. The second distributive law (b + c)a = ba + ca follows

automatically from the commutativity of multiplication. The element 0 is called the zero

element and e is called the identity element, usually be denoted by 1

Finite Field & Its
Properties
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Introduction

There are quite a lot of earthquakes have been recorded
worldwide until now.

Some of the largest earthquakes recorded were in Chile
(1960) and in Alaska (1964) which both were extremely
powerful and very destructive.

Objectives

To understand the natural phenomenon of solar activity
and earthquake.

To investigate a complex relationship between solar and
global seismicity. ¢

To validate the theory that there exists a strongly
significant link between solar activity and large earthquake
worldwide. °

Problem Statements

Some authors believed the earthquake occurrences is
connected to the geomagnetic storms (Nur Hidayah Ismail
et al., 2021).

Rudolf Wolf, an astronomer, proposed that sunspots may
impact earthquake occurrence.

Since then, many scientists behind this idea believed that
sunspots are responsible for the increases in activity on
Earth. °

Some authors claimed that they were unable to determine
whether there exists an interaction between solar-terrestrial
parameters and earthquake occurrences (Love & Thomas,
2013).

Scope of Study

Earthquake worldwide
1t of August 1996 — 31st of August 2008

Data

i C—

Earthquake worldwide

Proton measurements

I

ISC-GEM catalogue .
5.6 isthe minimum
magnitude

six magnitude

SOHO satellite

. Proton variables:
density p, velocity v, flux

threshold: M = 5.6, 6.0, pvand dynazmlc
6.5,7.0,7.5,8.0 pressure pv2/2

. :

. Represent as o Represent as solar
earthquake data activity
Methodology
*+  Wedivided it into 5 conditions, given a threshold V;:
Conditions Description .
1. aT Days where V above the Vthreshold
2. 2IstDyaT | Second to last day where V above the V;
threshold
3. IstDyaT Last day where V above the V;threshold
4. 1Dy bT First day where V below the V;threshold
5. 2Dy bT Second day where V below the V;threshold

Huda-B ]
. KamaruZa
17169055/1 |

Firstly, we interpret the non-dimensional average of V, V,,, o4
as

_ Vav—Vmin

Vavﬂd -

Vinax—Vmin

Then, we verify a varying threshold, V; as

We assign V., ranges from V,,, 44 to 1, with steps of 0.01.

Event relative rate R for each V4, with a given condition C is

where E.is the number of events occurred that satisfies the
condition C and D¢ is the humber of days that satisfies the
condition C. Whereas E and D is the total number of events
that occurred in those days and the number of SOHO
available days.

Hence, by these three equations, we can construct plots of

R versus V., for each variable V. <r\;z

Results

When R oscillates around 1, we can infer that there is an
earthquake occurred with respect to the proton variables, V.

Clearly, we can see there is a condition (It day below
threshold) where the R values oscillate around 1 as illustrated
in the plot for proton density and proton flux.

Therefore, we can conclude that there is a correlation
between proton variables and global seismicity where
earthquake occurs during the first day after the variable
decreases below the threshold value (1Dy bT).

. Conclusion

o

-0

(-]

In conclusion, we have proven the existence of a strongly
significant relation between solar activity and large earthquake
worldwide. Moreover, we can conclude that the occurrence of
large earthquake worldwide happened during the first day
below a certain proton density threshold (1Dy bT).
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INTRODUCTION PROPERTIES OF ROOK POLYNOMIAL IN THREE DIMENSION

FAMILY OF THREE DIMENSIONAL BOARDS

There is a situation where five people entering a restaurant with
their own unique hat and coat.

We are interested in the number of ways that the five people can
leave the restaurant without both of their original items.

Relate the situation with 5 X 5 X 5 cube and let each slab, wall
and layer represent the coat, hat and person respectively.

Place the restrictions along the main diagonal.

Figure 5: The 5 cubes are
cells (i, i, i) representing the
restrictions.

The rook polynomial for each restriction is 1 + x, since there are 5
restrictions and all are disjoint, by applying Disjoint Board Decomposition

Theorem we get (1 +x)° =1 + 5x + 10x2 + 10x3 + 5x* + x°.

Using Complementary Board Theorem the number of ways for the five
people leave restaurant without both of their original items is (5!)?(1) —
(4D2(5) + (3N2(10) — (2H2(10) + (1H2(5) — (0H?(1) = 11844.
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