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SYLLABI FOR 4 YEAR BS MATHEMATICS WITH COMPUTER SCIENCE
(SEMESTER SYSTEM PROGRAMME)

To be offered in Institute of Mathematics, University of the Punjab, Lahore and Affiliated Colleges
with effect from Admissions 2025 to onwards.

Programme | BS Mathematics with Computer Science
Duration 4 Years
Semesters | 8
Credit Hours | 144
Institute Mathematics
Faculty Science

Introduction

The Degpartment of Mathematics at the University of the Punjab is one of the university’s oldest aca-
demic units, founded in 1921. Over the years, it has produced numerous distinguished graduates,
many of whom have gained prominence in Mathematics. For a considerable period, the department
operated on an inter-collegiate basis, with faculty members from local institutions such as Govern-
ment College Lahore, Forman Christian College, Dyal Singh College, Islamia College Civil Lines,
and M.A.O. College, Lahore, conducting M.Sc. classes at the university. In 1956, the department
became an independent institution with the appointment of two full-time faculty members: one reader
and one senior lecturer. Since then, the department has steadily grown and now offers a range of
programs, including BS (4 years), BS (5 semesters), M.Phil., and Ph.D.

In 1982, the department established a computer center to enhance the computational capabilities of
university students, faculty, and staff. Furthermore, the Department of Mathematics publishes the
Punjab University Journal of Mathematics, with its inaugural issue released in 1967 under the editor-
ship of Prof. Dr. Syed Manzur Hussain.

In December 2024, the Department of Mathematics was elevated into the Institute of Mathematics.
The Institute is home to four robust research groups: Computational Mathematics, Fuzzy Mathe-
matics, Gravitation & Cosmology, and Pure Mathematics. These groups contribute to the academic
strength of the institute, fostering innovation and advancing knowledge in their respective fields.

Vision
The Institute of Mathematics aims to be recognized as an internationally top-ranking center of excel-
lence in both teaching and research.

Mission

In pursuit of our vision, the Institute of Mathematics strives to provide quality education at both un-
dergraduate and postgraduate levels, aiming to produce high-calibre graduates who will excel in their
chosen careers in industry, the professions, and academia. Our students are selected based on intellec-
tual merit, without discrimination based on gender, race, or physical disabilities. We are committed
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to fostering a diverse and well-balanced portfolio of reseafdhe@highest quality, encompassing a
wide range of interests.

Objectives

The following objectives are designed to guide the Institute of Mathematics toward achieving its vision
of becoming an internationally recognized center of excellence in teaching and research.

e Expand and diversify the faculty to encompass all disciplines of Mathematics.

e Strengthen all existing academic programs, with particular emphasis on the MPhil/PhD programs
to facilitate world-class research.

e Develop an industry-based Mathematics curriculum, fostering close collaboration between mathe-
matics and industry.

e Encourage faculty engagement in research projects, paper presentations at international confer-
ences, organizing conferences, international research collaborations, and postdoctoral training.

e Promote the “Punjab University Journal of Mathematics” as a premier research journal of interna-
tional repute.

e Provide strong support for both individual researchers and research groups.
e Enhance the abilities and character of students, nurturing them into well-rounded individuals.

e Recognize and reward the institute’s staff, acknowledging them as its greatest asset.

Program Introduction

The Institute of Mathematics at University of the Punjab, Lahore, is proud to announce the launch of

a new undergraduate program, “Mathematics with Computer Science.” This interdisciplinary program
bridges the foundational rigor of mathematics with the transformative power of computer science,
offering students a unique blend of theoretical knowledge and practical skills. As the digital age
reshapes industries and accelerates technological advancements, the demand for professionals who can
solve complex problems at the intersection of mathematics and computer science is greater than ever.
Our program is designed to equip students with the tools to excel in this rapidly evolving landscape,
combining the elegance of mathematical reasoning with cutting-edge computational techniques.

Program Objectives

e Develop Strong Mathematical Foundations: Cultivate a deep understanding of core mathematical
concepts, enabling students to analyze and model complex systems effectively.

e Enhance Computational Expertise: Equip students with advanced programming skills, algorithms,
and computational techniques to address real-world challenges.

e Cross-Disciplinary Problem-Solving: Bridge the gap between theory and practice by integrating
mathematical insights with computational applications in diverse fields such as data science, artifi-

cial intelligence, cryptography, and optimization.



Market Need / Rationale of the Program

The * Mathematics with Computer Science” program is being introduced to address the increasing
demand for interdisciplinary expertise in Mathematics and Computer Science. The following points
highlight the rationale for launching this program:

a. Potential Students: There is a growing interest among students to pursue careers at the intersection
of mathematics and computer science, driven by the need for versatile skills in fields such as
artificial intelligence and computational research.

b. Potential Employers: Industry trends indicate a rising demand for professionals skilled in mathe-
matical modeling, algorithm development, data analysis, and software engineering. Employers
in technology, finance, and research sectors are seeking candidates who can bridge the gap be-
tween theoretical and practical problem-solving.

c. Academic Projections: Several reputable national and international universities have successfully
launched similar programs, demonstrating the value and relevance of such an interdisciplinary
approach.

d. Faculty: The Institute has a strong pool of faculty members with expertise in both mathematics and
computer science, capable of delivering a comprehensive curriculum that meets global academic
standards.

e. Physical Facilities: The program will utilize existing facilities, including modern computer labs and
a well-equipped library. Additional resources will be allocated to ensure the program’s success
as it grows.

Admission Eligibility Criteria

¢ Intermediate or equivalent qualification with Mathematics having at least 45% overall marks.

e The students who studied Mathematics in Intermediate (F.A./F.Sc./ICS or equivalent) will be eligi-
ble in this program.

Coding Scheme of Courses

The course code consists of two parts:
1. Letter code consists of 3 to 4 characters.

For general education courses, the first character begins with G, followed by 2 to 3 characters that
represent the course category within the general education course. For example, GISL represents a
general education course of Islamic Studies, GQR represents a general education course of Quanti-
tative Reasoning.

Major courses: The letter code MATH is used for all major Mathematics courses.

Interdisciplinary/allied courses: The letter code MAAL is used for Interdisciplinary/allied courses.

Computer Science courses: The letter code MACS is used for Computer Science courses.
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2. Numeric code consists of 3 digits. The first number from therbgresents the year, with val-
ues starting from 1, the second number represents the subject, and the third number represents the
sequence of courses within the same subject category.



BS Mathematics with Computer Science

Categorization of Courses as per HEC Guidelines

Category (Credit Hours)

General | Minor | oty Qura Internship/¢  Semester
Semester | Courses |Education Major Math|nterdiscipli Project Load
nary /Allied
1 7 10 J [ 0 R 16
2 7 8 T e . 1| e 15
3 7 8 9 | e |- 0 | - 17
4 6 6 9 e 1| e 16
5 7| e 15 I P 0 | =meeeeeeee- 18
6 : TR [e— 12 6 3 y R [— 22
7 8 | - 9 3 6 0 3 21
8 7 R T — 9 1 3 19
PU 30 72 12 18 4 6 144
Guli_(ljiﬁ:nes 30 Min 72 Min 12 Min 12 4 6 120----144
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Institute of Mathematics, University of the Punjab, Lahore

Scheme of Studies for BS in Mathematics with Computer Science - With Effect From Fall 2025

Semester 1 Semester 2 Semester 3 Semester 4 Semester 5
ours
I "MATH-101 (3) T MATH-103 (3) | MATH-201(3) | MATH-204(3) | MATH-301(3) 1I” MATH-306 (3) I MATH-401(3) 1" "MATH-404 (3) | |Major Mathematics 72
- - | . General Education Courses 32
Single Variable Pan?Curves& Multivariable Calculus Real Analysis "§ Complex Analysis {§ Advanced Analysis || Functional Analysis Operations Research ||Minor Courses 18
Calculus Analytic Geometry
Interdisciplinary/Allied Courses 12
___________________________________________________________________________ Field Experience/Internship
I MATH-102(3) | MATH-104(3) | MATH-202(3) | MATH-205(3) | MATH-302(3) Il MATH-307(3) I MATH-402(3) Il MATH-405 (3)

Discrete

Introduction to Ordinary Differential

Fundamentals of

[
Differential Geometry

Numerical Methods

Fundamentals of

Entrepreneurshipg] Pakistan Studies ™

Translation of |

Decision Making || Field Experience/ ¢

B . .
Mathematics Graph Theory Equations Mechanics Linear Algebra Tensor Analysis with Computer Prog.
| GENG-101(3) ;  GSS-101{2) I MATH-203(3) | MATH-206 (3) ; MATH-303(3)_ '~ MATH-403 (3) 11 MACS-403 3(2+1)
e | i l ial Di i L Artificial
Functional English ntroductl(?n 10 Number Theory Group Theory el leferent|al Numerical Analysis r '. Icla
Economics Equations Intelligence
P ——— i —— e ——— —— — — A — e -— Moy e e e e e e e — e -
I GQR-101(3) | GCCE-101(2) | GNS-201(3) | GQR-202(3) | MATH-304(3) II MATH-309 (3) |I MACS-401 3(2+1) || MACS-404 3(2+1) |
Civics and
Quantitative . » Introduction to Quantitative . LTS _°f Object Oriented Data Structures
Reasoning | Community Physics Reasoning Il Computational Tools Mathematical Programming and Algorithms
Engagment Physics
I~ GicP-101(2) T —GISL-101(2) 1~ GENG-201(3) T GICT-2013(2+1) 1~ MATH-305 (3) 1'MACS-301 3(2+1)ll MACS-402 3(2+1) 1" MACS-405 3(2+1) 1
Ideology and . . . . Database
L Islamic Studies / . " Applications of Programming .
Constitut f E tory Writ " Topol M t Web P
onstitution o Ethics xpository Writing’ It opology Fundamentals anagemen eb Programming
Pak. System
I "GAH-101(2) T GENT-101(2) | GPAK-201(2) _ 1HQ-004 (1) I MAAL-301 (3) 17 MAAL-302 (3) !~ INTE-401(3) I CAPP-401(3)

A

¥ i

Philosophy Holy Quran Methods Internship
————————————————————————————————————————————————— -
HQ-001 (0) HQ-002 (1) HQ-003 (0) HQ-005(0) MAAL-303 (3) J|  MAAL-401 (3) HQ-008(1)
Translation of Translation of JTranslation of Holy Translation of Probability and Data Science Translation of Holy
Holy Quran Holy Quran Quran Holy Quran Statistics Quran
HQ-008(1) HQ-008(0)
Translation of Translation of
Holy Quran Holy Quran

e

Holy Quran (HQ)

Total



STRUCTURE OF BACHELOR DEGREE PROGRAM IN MATHEMATICS
WITH COMPU TER SCIENCE

A bachelor degree with a single major Mathematics and one minor consists of 144 credit hours.
The breakup of credit hours is as under:

Degree Awarded: BS Mathematics with Computer Science
Duration: 4 Years (8 Semesters)
Total Credit Hours: 144
Major Mathematics: 24(72 credit hours)

General Education Courses: | 13 (32 credit hours)

Computer Science Courses: | 6 (18 credit hours)
Interdisciplinary/Allied Courses: | 4 (12 credit hours)

Field Experience/Internship: The field experience of six to eight weeks (preferably un-
dertake during semester or summer break) must be graded
by a faculty member in collaboration with the supervisor in
the field.
Internship carries3 credit hours and is a mandatory re
quirement for the award of BS degree.
Capstone Project: The capstone project must be supervised and graded|by a
faculty member as per the protocols prescribed by the ¢on-
cerned Department/Institute.
Capstone Project carri@scredit hours and is a mandatory
requirement for the award of BS degree.
Holy Quran Courses: 8 (04 credit hours)




General Education Courses

Detailsof the general education requirements (i.e., courses) are given in the Table 1 .

Table 1: List of General Education Courses

Sr.No. | Course Code General Education Cluster Credit Hours

1 GAH- 101 Fundamentals of Philosophy 2

2 GSS- 101 Introduction to Economics 2

3 GENG-101 Functional English 3

4 GENT-101 Entrepreneurship 2

5 GQR- 101 Quantitative Reasoning | 3

6 GCCE-101 | Civics and Community Engagement 2

7 GICP-101 | Ideology and Constitution of Pakistan 2

8 GISL-101 Islamic Studies 2

9 GPAK-201 Pakistan Studies 2

10 GNS- 201 Introduction to Physics 3

11 GQR- 202 Quantitative Reasoning Il 3

12 GENG-201 Expository Writing 3

13 GICT- 201 Applications of ICT 3(2+1)
Total 13 32
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List of Major Mathematics Courses

Details of the major Mathematics courses are given in the Table 2.

Table 2: List of Major Mathematics Courses

Sr No. | Course Code Course Title Credit Hours
1 MATH-101 Single Variable Calculus 3
2 MATH-102 Discrete Mathematics 3
3 MATH-103 Plane curves & Analytical Geometry 3
4 MATH-104 Introduction to Graph Theory 3
5 MATH-201 Multivariable Calculus 3
6 MATH-202 Ordinary Differential Equations 3
7 MATH-203 Number Theory 3
8 MATH-204 Real Analysis 3
9 MATH-205 Fundamentals of Mechanics 3
10 MATH-206 Group Theory 3
11 MATH-301 Complex Analysis 3
12 MATH-302 Linear Algebra 3
13 MATH-303 Partial Differential Equations 3
14 MATH-3044 Computational Tools 3
15 MATH-305 Topology 3
16 MATH-306 Advanced Analysis 3
17 MATH-307 Tensor Analysis 3
18 MATH-308 Rings and Modules 3
19 MATH-309 Methods of Mathematical Physics 3
20 MATH-401 Functional Analysis 3
21 MATH-402 Differential Geometry 3
22 MATH-403 Numerical Analysis 3
23 MATH-404 Operations Research 3
24 MATH-405 | Numerical Methods with Computer Programming 3

Total 24 72
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List of Interdisciplinary/Allied Courses

Table3: List of Interdisciplinary/Allied Courses

Sr. No. | Course Code Course Title Credit Hours
1 MAAL-301 Digital Logic Design 3
2 MAAL-302 | Decision Making Methods 3
3 MAAL-303 Probability and Statistics 3
4 MAAL-401 Data Science 3

List of Computer Science Courses

Table4: List of Computer Science Courses

Sr. No. | Course Code Course Title Credit Hours
1 MACS-301 Programming Fundamentals 3(2+1)
2 MACS-401 | Object Oriented Programming  3(2+1)
3 MACS-402 | Database Management System 3(2+1)
4 MACS-403 Artificial Intelligence 3(2+1)
5 MACS-404 | Data Structures and Algorithms  3(2+1)
6 MACS-405 Web Programming 3(2+1)




SEMESTER-WISE WORKLOAD

The gructure of the Bachelor’s degree in Mathematics with Computer Science consists of eight regular
semesters over four years. The semester workload is as follows:

Semester |
Course Code Course Title Course Type Prerequisite | Credit Hours
MATH-101 Single Variable Calculus Major Math N/A 3
MATH-102 Discrete Mathematics Major Math N/A 3
GQR- 101 Quantitative Reasoning | General Education N/A 3
GENG-101 Functional English General Educatiomn N/A 3
GAH-101 Fundamentals of Philosophy | General Education N/A 2
GICP-101 | Ideology and Constitution of PakistanGeneral Education N/A 2
HQ-001 Translation of Holy Quran Compulsory N/A 0
Total Semester Credits 16
Semester I
Course Code Course Title Course Type Prerequisite | Credit Hours
MATH-103 | Plane Curves & Analytic Geometry  Major Math MATH-101 3
MATH-104 Introduction to Graph Theory Major Math N/A 3
GSS-101 Introduction to Economics General Education N/A 2
GCCE-101 | Civics and Community EngagemenGeneral Education N/A 2
GENT-101 Entrepreneurship General Education N/A 2
GISL-101 Islamic Studies / Ethics General Education N/A 2
HQ-002 Translation of Holy Quran Compulsory HQ-001 1
Total Semester Credits 15
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Semester |

Course Code Course Title Course Type Prerequisite Credit Hours
MATH-201 Multivariable Calculus Major Math MATH-101, MATH-102 3
MATH-202 | Ordinary Differential Equations  Major Math MATH-101 3
MATH-203 Number Theory Major Math N/A 3

GNS-201 Introduction to Physics General Education N/A 3
GENG-201 Expository Writing General Education GENG-101 3
GPAK-201 Pakistan Studies General Education N/A 2

HQ-003 Translation of Holy Quran Compulsory HQ-002 0
Total Semester Credits 17
Semester IV

Course Code Course Title Course Type Prerequisite | Credit Hours
MATH-204 Real Analysis Major Math MATH-101 3
MATH-205 | Fundamentals of Mechanigs Major Math GNS-201 3
MATH-206 Group Theory Major Math N/A 3

GQR- 202 Quantitative Reasoning Il| General Education GQR-101 3

GICT-201 Applications of ICT General Education N/A 3(2+1)

HQ-004 Translation of Holy Quran Compulsory HQ-003 1
Total Semester Credits 16
Semester V

Course Code Course Title Course Type Prerequisite Credit Hours
MATH-301 Complex Analysis Major Math MATH-201, MATH-204 3
MATH-302 Linear Algebra Major Math MATH-206 3
MATH-303 | Partial Differential Equations Major Math MATH-202 3
MATH-304 Computational Tools Major Math GICT-201 3
MATH-305 Topology Major Math N/A 3
MAAL-301 Digital Logic Design Interdisciplinary/Allied GICT-201 3

HQ-005 Translation of Holy Quran Compulsory HQ-004 0
Total Semester Credits 18




Semester VI

Course Code Course Title Course Type Prerequisite Credit Hour
MATH-306 Advanced Analysis Major Math MATH-204, MATH-306 3
MATH-307 Tensor Analysis Major Math MATH-201 3
MATH-308 Rings and Modules Major Math MATH-206, MATH-303 3
MATH-309 | Methods of Mathematical Physics Major Math MATH-304 3
MACS-301 Programming Fundamentals Computer Science GICT-201 3(2+1)
MAAL-302 Decision Making Methods Interdisciplinary/Allied N/A 3
MAAL-303 Probability and Statistics Interdisciplinary/Allied| GQR-101, GQR-202 3

HQ-006 Translation of Holy Quran Compulsory HQ-005 1
Total Semester Credits 22

Semester VII
Course Code Course Title Course Type Prerequisite | Credit Hours
MATH-401 Functional Analysis Major Math MATH-302 3
MATH-402 Differential Geometry Major Math MATH-307 3
MATH-403 Numerical Analysis Major Math MATH-101 3
MACS-401 | Object Oriented Programming Computer Science MACS-301 3(2+1)
MACS-402 | Database Management System Computer Science MACS-301 3(2+1)
MAAL-401 Data Science Interdisciplinary/Allied| MAAL-303 3
INTE-401 Field Experience/ Internship Mandatory Semesters I-VI 3
HQ-007 Translation of Holy Quran Compulsory HQ-006 0
Total Semester Credits 21
Semester VI
Course Code Course Title Course Type Prerequisite Credit Hours
MATH-404 Operations Research Major Math MATH-302 3
MATH-405 | Numerical Methods with Comp. Prog. Major Math MATH-403 3
MACS-403 Atrtificial Intelligence Computer Science MAAL-401, MACS-301 3(2+1)
MACS-404 Data Structures and Algorithms | Computer Science MATH-104, MACS-401 3(2+1)
MACS-405 Web Programming Computer Science MACS-301 3(2+1)
CAPP-401 Capstone Project Mandatory Semesters I-VII 3
HQ-008 Translation of Holy Quran Compulsory HQ-007 1
Total Semester Credits 19
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COURSE OUTLINES OF MAJOR MATHEMATICS COURSES

To be offered in Institute of Mathematics, University of tRanjab, Lahore and Affiliated Colleges
with effect from Admissions 2024 to onwards.

Course Title: Single Variable Calculus

Course Code MATH-101

Course Type Major Math

Prerequisites: N/A

Credit Hours: 3 (3 +0)

Course Objectives:After completion of this course, the students will be abte to

e Master the concepts of limits, continuity, and differetitia of functions.
e Apply derivatives to solve problems involving rates of chanextremum, and curve sketching.

e Evaluate indefinite and definite integrals, utilizing teicjugs such as substitution and integration
by parts.

e Use calculus to solve geometric problems involving arelyme, and arc length.

Course Contents:

Preliminaries: Real numbers and the real line, Inequalities, Function,ikesrof functions (Bijec-
tive, Floor, Ceiling, Characteristic, Extension and riesitsn) , Inverse functions, Graph of functions.

Limits and Continuity: Limit of a function, Left hand and right hand limits, Contity

Differentiable functions: Differentiation of a polynomial, Rational and transcen@éfunctions,
Higher derivatives, Leibnizs theorem, Taylors and Madl@sitheorem with their remainders.

Applications of Derivatives: Rate of change, The chain rule, Extremum problems, LHaépi
rule, Mean value theorem, Asymptotes, Curve sketching.

Indefinite Integration: Techniques of evaluating indefinite integrals, Integratdy substitutions,
Integration by parts.

Definite Integrals: Riemann sum, Definite integral, Fundamental theorem ofibadc

Applications to Geometry: Area, Volume, Arc length, Improper integrals.
Recommended Books:

1. Anton, H., Bevens, |. and Davis &alculus John Wiley & Sons, Inc., 12th edition, 2022.
2. Edward, C.H.Calculus and Analytic GeometriPrentice Hall College Div., 3rd edition, 1990.

3. Hallett, D. H. and Gleason A. MGalculus: Single and MultivariabléNiley, 8th edition, 2020.



4. Mendelson, E. and Ayres, FCalculus, Schaums outlines seriédcGraw-Hill, 4th edition,
1999.

5. Thomas, G. B. and Finney, R. [Calculus Addison Wesley Publishing Company, 11th Edition,
2005.

Course Title: Discrete Mathematics

Course Code MATH-102

Course Type Major Math

Prerequisites: N/A

Credit Hours: 3 (3 +0)

Course Objectives:After the completion of course, the students will be able to:

e Master principles of computational logic and methods ofjro
e Develop proficiency in counting techniques and solving nemce relations.
e Gain foundational knowledge in probability for data analys

Course Contents:

Computational Logic: Propositional logic, applications of propositional logicopositional equiv-
alences, first-order logic or predicate logic, quantifierirst-order logic, free and bound variables,
Proof methods: Direct proof, Proof by contradiction, Prbgfcontrapositive.

Relations: Sets, Functions, Sequences, Relations and their prapertiary relations, Representing
relations, Equivalence relations, Partial orderings,ddaagram, Lattice.

Counting Techniques: Basics of counting, Pigeonhole principle, Permutatiorsn@inations, Re-
cursive definitions, Recurrence relations, Solving linemurrence relations, Generating functions,
Inclusion—exclusion principle.

Probability: Axioms of probability, Addition and multiplication rulesf @robability, Conditional
Probability, Bayes’ Theorem.

Recommended Books:
1. Grimaldi, R.P.Discrete and Combinatorial Mathematid®earson, 5th edition, 2003.
2. Richard, J. Discrete MathematicPearson, 7th edition, 2007.

3. Rosen, K. Discrete Mathematics and Its ApplicatigngcGraw-Hill Education; 7th edition,
2011.



4. Susanna S. Epp, Discrete Mathematics with ApplicatiGesgage Learning, 4th edition, 2010.
5. Walpole, R. E.,Introduction to StatisticsMacmillan Publishing Company, 3rd edition, 1982.

Course Title: Plane Curves & Analytic Geometry
Course Code MATH-103

Course Type Major Math

Prerequisites: Single Variable Calculus

Credit Hours: 3 (3 +0)

Course Objectives:
After completion of this course, the students will be abte to
e Understand the convergence of sequences and series usimgsvasts.

e Analyze and classify conic sections, and represent cursieg) yolar coordinates and parametric
equations.

e Master the concepts and properties of conic sections, dimaucircles, parabolas, ellipses, and
hyperbolas.

e Apply analytic geometry to three-dimensional space, zitij various coordinate systems and
equations of lines and planes.

Course Contents:

Plane Curves: Conic section and quadratic equations, Classifying coeatien by eccentricity,
Translation and rotation of axis, Properties of circlesapalas, ellipses, hyperbolas. Polar coordi-
nates, Conic sections in polar coordinates, Polar curvddtaeir sketching, Tangents and normal,
Pedal equations, Parametric representations of curves.

Vectors and Three-dimensional SpaceThree-dimensional coordinate systems, Vectors in plane
and space, Dot product, Cross product, Vector-valued ifmmetand space curves, Derivative and
integral of vector- valued functions.

Analytic Geometry of Three Dimensions:Rectangular coordinates system in a space, Cylindrical
and spherical coordinate system, Direction ratios ancttie cosines of a line, Equation of straight
lines and planes in three dimension, Cylinders and quadrfaces.

Recommended Books:

1. Anton, H., Bevens, |. and Davis, £alculus John Wiley & Sons, Inc., 12th edition, 2022.
2. Edward, C.H.Calculus and Analytic GeometriPrentice Hall College Div. 3rd edition, 1990.
3. Hallett, D. H. and Gleason, A. MCalculus: Single and MultivariabléViley, 8th edition, 2020.



4. Mendelson, E. and Ayres, FCalculus, Schaum’s outlines seriddcGraw-Hill, 4th edition,
1999.

5. Thomas, G. B. and Finney, R. [Calculus Addison Wesley Publishing Company, 11th Edition,
2005.

Course Title: Introduction to Graph Theory

Course Code MATH-104

Course Type Major Math

Prerequisites: N/A

Credit Hours: 3 (3 +0)

Course Objectives:After completion of this course, the students will be abte to

e Understand the basics of graph theory and their variousepties.
e Understand the concepts of connectivity, planar graphsatutings.
e Apply graph theory concepts to solve real world applicagion

Course Contents:

Graph Terminology: History of graph theory, Definition of a graph, Directed drapUndirected
graphs, Vertex, Edge, Adjacent (or neighbors), Neighbodhd®egree of vertices and edges, Hand-
shaking Theorem, Adjacency matrix of a graph, Incidenceimat a graph.

Simple Graphs: Types of simple graphs: Complete, Bipartite, Complete fiigagraphs, Wheels,
Cubes. Subgraphs, Complement of a graph, Regular graphse$eating graphs, Applications of
simple graphs, Graph isomorphism.

Connectivity: Walks, Trails, Paths, Cycles, Connected and disconnectgzhg, Edge and vertex
connectivity, Bridge, Cut vertex, Euler and Hamiltoniathsaand circuits.

Trees: Introduction to Trees, Binary tree, Forests, Applicatiofdrees, Spanning tree, Minimum
spanning trees, Tree traversal.

Planar graphs: Planar and non-planar graphs, Euler formula, Dual graphs.
Graph coloring: Chromatic number, Chromatic index, Applications of graptoang.

Network Flow: Digraphs, Weighted graphs, Maximum Flow, Max-Flow /MintQineorem, Algo-
rithm to find Maximum flow in a Network.

Recommended Books:

1. Bondy J. A. and Murty, U. S. RGraph Theory with Applicationg\merican Elsevier Publishing
Company, 1976.



2. Diestel, R.Graph TheorySpringer Berlin, Heidelberg, 2017.

3. Rosen, K., Discrete Mathematics and Its ApplicatigidcGraw-Hill Education, 7th edition,
2011.

4. West, D. B.,Introduction to Graph TheoryPearson College Div., 2000.
5. Wilson, R. J.]ntroduction to Graph TheoryPearson, 5th edition, 2010.

Course Title: Multivariable Calculus
Course Code MATH-201

Course Type Major Math
Prerequisites: Single Variable Calculus
Credit Hours: 3 (3 +0)

Course Objectives:
After completion of this course, the students will be abte to

e Analyze three-dimensional vectors and surfaces.

e Apply calculus to vector-valued functions, including cepts such as arc length, curvature, and
torsion.

e Utilize partial derivatives to solve optimization problem

e Master the applications of multiple integrals and topics/éttor calculus, including Green'’s,
Stokes’s, and the Divergence theorems.

Course Contents:

Preliminaries: Review of vectors in plane and space, Vector-valued funcéoc length, Curvature,
Normal and binormal vectors, and Torsion.

Partial Derivatives: Functions of several variables, Limits and Continuity, tRamDerivatives,
Higher order partial derivatives, Chain rule, Directiodalivatives.

Applications of Partial Derivatives: Tangent planes and linear approximations, Gradient vector
Tangent planes and normal lines, Differentials and thgitiegtions, Maxima and minima of func-
tions of two variables, Lagrange multipliers.

Multiple Integrals: Double integrals over rectangular domains and iterategynats, Non-rectangular
domains, Double integrals in polar coordinates, Triplegnals in rectangular, cylindrical and spher-
ical coordinates, Three dimensional solid and momentsestian Applications of double and triple
integrals. Change of variables in multiple integrals.

Vector Calculus: Divergence of a vector field, Curl of a vector field, Line int&lg, Integration
around closed curves, Green’s theorem, Surface inte@@istgence theorem and Stokes’s theorem.



Recommended Books:

=

Anton, H., Bevens, |. and Davis, £alculus John Wiley & Sons, Inc., 12th edition, 2022.
Edward, C.H.Calculus and Analytic GeometriPrentice Hall College Div., 3rd edition, 1990.
Hallett, D. H. and Gleason, A. MGalculus: Single and MultivariabléViley, 8th edition, 2020.

WD

Mendelson, E. and Ayres, FCalculus, Schaum’s outlines serj@dcGraw-Hill, 4th edition,
1999.

5. Thomas, G. B. and Finney, R. [Calculus Addison Wesley Publishing Company, 11th Edition,
2005.

Course Title: Ordinary Differential Equations
Course Code MATH-202
Course Type Major Math
Prerequisites: Single Variable Calculus
Credit Hours: 3 (3 +0)
Course Objectives:After the completion of the course, students will be able to:
e Understand formulation, classification of differentiabiatjons, existence and uniqueness of
solutions.
e Provide skill in solving initial value and boundary valueplems.
e Analyze mathematical models using linear differentialaons to solve application prob-

lems.

Course Contents:

Preliminaries: Historical background and motivation, Basic mathematiwadlels, Directional fields,
Classification of differential equations, Existence andjuaness of solutions, Introduction of initial
value and boundary value problems.

First Order Ordinary Differential Equations:  Basic concepts, Formation and solution of differ-
ential equations, Separable variables, Exact equatioosidgeneous equations, Linear equations,
Integrating factors, Modeling with first-order ODES, Ditaces between linear and nonlinear equa-
tions.

Second Order Linear Differential Equations: Initial value and boundary value problems, Ho-
mogeneous and non-homogeneous equations, Homogenoumegwaith constant coefficients,
Fundamental solutions of linear homogenous equationgadtimdependence and the Wronskian,
Method of undetermined coefficients, Variation of paramsgt€auchy-Euler equation.



Higher- Order Linear Differential Equations: General theory ofth order linear equations, Ho-
mogenous equations with constant coefficients, The methiogisdermined coefficients, Method of
variation of parameters.

Series Solutions:Power series, Ordinary and singular points, Existence afepseries solutions,
Power series solutions, Types of singular points, Legeaduation, Bessel equation.

Recommended Books:

Boyce, W.E.Elementary Differential EquationsJohn Wiley & Sons Inc., 9th edition, 2008.
Bronson, R.Schaum’s Outline of Differential Equation®cGraw Hill, 4th edition, 2014.

Ross, S. L.Differential EquationsJohn Wiley & Sons, 3rd edition, 1984.

L

Victor, H., Belozerova, T. and Khenner, MDydinary and Partial Differential EquationsA K
Peters/CRC Press, 1st edition, 2013.

5. Zill, D. G., Differential Equation with Boundary Value Problentengage Learning, 9th edi-
tion, 2017.

Course Title: Number Theory

Course Code MATH-203

Course Type Major Math

Prerequisites: N/A

Credit Hours: 3 (3 +0)

Course Objectives:After completion of this course, the students will be abte to

e Learn the concepts of divisibility, congruences, the CenBemainder Theorem, arithmetic
functions.

e Comprehend the hard concepts in number theory with the Helgporems and to write clear
and precise proofs.

e Develop and enhance student’s interest and knowledge dsvedgebraic and computational
number theory.

Course Contents:

Divisibility and Modular Arithmetic: Divisibility, Divisibility and Division Algorithms, Well or-
dering Principle, Bezout's Identity. Modular Arithmetroperties, Euclid’s algorithm for the great-
est common divisor, Extended Euclid’s Algorithm, Least @oom multiple, Solving Linear Dio-
phantine Equations, Modular Division.



Primes and CongruencesPrime Numbers, prime-power factorization, Fermat and klems primes,
Primality testing and factorization, Congruences, Lingamgruences, Simultaneous linear congru-
ences, The Chinese Remainder Theorem, Fermat's littleghgowilson’s theorem and Lagrange
Theorem, Congruences with a Prime-Power Modulus, Pseudweprand Carmichael numbers,
Solving congruences modulo prime powers.

Arithmetic Functions: Sigma and Tao functions, Euler’'s Function-Euler’s Totiemiction, Appli-
cations of Euler’'s Totient function, Mobius function and firoperties, Mobius inversion formula,
Bracket functions.

Primitive Roots: The order of an integer mod n, Primitive roots and their agpions in solving
higher order congruences.

Recommended Books:

1. Adler, A. and Cloury, J. EThe Theory of Numberdones & Bartlett Pub, 1st edition, 1995.
2. Burton, D. M., Elementary Number ThearilcGraw Hill Company, 6th edition, 2007.

3. Hardy, G. H. and Wright, E. M.An Introduction to the theory of numbe@xford University
Press, 6th edition, 2008.

4. Koblitz, N., A Course in Number Theory and CryptograpBypringer, 2nd edition, 1994.

5. Niven, |., Zuckerman, H.S. and Montgomery, H.An Introduction to the theory of Numbers
John Wiley and Sons, 5th edition, 1991.

Course Title: Real Analysis

Course Code MATH-204

Course Type Major Math

Prerequisites: Single Variable Calculus

Credit Hours: 3 (3 +0)

Course Objectives:After completion of this course, the students will be abte to

e Understand the concepts of countable and uncountablecsetinal and Ordinal numbers
and well-ordering principal

Explore real numbers, sequences, limits, and key theonemusalysis.

Analyze series and apply various convergence tests.

Explore continuous functions, sequences and series ofifunsc

Master the concepts of derivative and its application imesxa.



Course Contents:

Sets and Numbers: Countable and uncountable sets, Cardinal numbers, Arttbroé cardinal
numbers, Ordered sets, well-ordered sets, Bounded sgierBum and infimum, Ordinal numbers,
Well-ordering theorem, Axiom of choice, Zorn’s lemma.

Sequences and Seriesthe definition of a limit, Properties of limits, Monotoniceggences, Subse-
guences and the Bolzano-Weiertrass theorem, Cauchy ssegieSeries of real numbers, Conver-
gence of series, Special series, Convergence tests (Biveggcomparison, Cauchy Condensation,
ratio, root, Leibniz alternating series test).

Continuous Functions: Functions, Limits of functions, Continuity, Properties@dntinuous func-
tions, Intermediate value theorem, Extreme value theoFexed point theorems.

Sequences and Series of Function®efinition of point-wise and uniform convergence, Examples
of uniform convergence, Cauchy criterion for uniform comgence.

Derivatives: The derivative, Definition of the derivative, Differeni@ and continuity, Derivative
of inverse functions, The Chain Rule., Maximizers and mirars, Rolle’s Theorem and the Mean
Value Theorem, The derivative of vector-valued functiohseveral variables. Applications in Ex-
trema.

Recommended Books:

1. Bartle, G. R. and Sherbert, R. Infroduction to Real Analysj®iley, 4th edition, 2011.
2. Fraenkal, A. A.,Abstract Set TheoryNorth-Holland Publishing, Amsterdam, 1966.

3. Gaskill, H. S. and Narayanaswami, P.Etements of Real AnalysiBrentice Hall, 1st edition,
1997.

4. Parzynski, W. R.]ntroduction to Mathematical AnalysisMcgraw Hill College, 1st edition,
1983.

5. Rudin, W., Principles of Mathematical Analysi8icGraw-Hill Publishing Company, 3rd edi-
tion, 1976.

»

. Suppes, P.Axiomatic Set Theonpover Publications, Inc., New York, 1972.

Course Title: Fundamentals of Mechanics
Course Code MATH-205

Course Type Major Math

Prerequisites: Introduction to Physics

Credit Hours: 3 (3 +0)



Course Objectives:This course will provide students with a solid foundatiomachanics, essential
for advanced studies in mathematics and physics. After éetiop of this course, the students
will be able to:

Develop an understanding of vector algebra and calculupsed to mechanics.

Analyze rectilinear and curvilinear motion of particles.

Comprehend the concepts of work, power, energy, and caas@mprinciples in kinetics.

Study the principles and various forms of simple harmonitiomo

Explore the dynamics of central forces and planetary motion

Course Contents:

Preliminaries: Introduction to vector algebra, Scalar and vector produaiple products, Deriva-
tives and integrals of vectors.

Kinematics: Rectilinear motion of particles, Uniform rectilinear mmti, Uniformly accelerated
rectilinear motion, Curvilinear motion of particles, Rasgular components of velocity and acceler-
ation, Tangential and normal components, Radial and tease\components, Projectile motion.

Kinetics: Work, Power, Kinetic and potential energy, Conservativedadfields, Conservation of
energy, Impulse, Torque, Conservation of linear and amgutanentum, Non-conservative forces.

Simple Harmonic Motion: The simple harmonic oscillator, Amplitude, Period, Frame Res-
onance and energy, The damped harmonic oscillator, Ovepe@nCritically damped and under-
damped motion, Forced vibrations, The two and three dino@asharmonic oscillators.

Central Forces and Planetary Motion: Central force fields, Equations of motion, Potential energy
of a particle in a central field, Orbits, Kepler’s laws of piaary motion, Apsides and apsidal angles
for nearly circular orbits, Motion in an inverse square field

Recommended Books:

1. Aruldhas, G.Classical MechanicsPHI Learning Private Limited, 20009.

2. Fowles, G. R., and Cassiday, G. Analytical MechanicsThomson Brooks/Coley, 7th edition,
2005.

3. Goldstein, H.Classical MechanicgsAddison-Wesley Publishing Co., 1980.

4. Greiner, W.Classical Mechanics- Systems of Particles and Hamiltoignamics Springer-
Verlag, 2004.

5. Spiegel, M. R.Theoretical MechanicdMcGraw Hill Book Company, 1980.



Course Title: Group Theory

Course Code MATH-206

Course Type Major Math

Prerequisites: N/A

Credit Hours: 3 (3 +0)

Course Objectives:By the end of the course students should be able to:

e Gain a thorough understanding of the fundamental concepdsvarious applications of
groups.

e Provide basic concepts of group theory including cyclicup® normal subgroups, group
homomorphism.

e Enhance their capacity for mathematical reasoning, dpvekdls in construct- ing simple
proofs, and cultivate the ability to critically evaluateethorrectness and complete- ness of
proofs within the domain of group theory.

Course Contents:

Preliminaries: Relations, Mappings, Binary operation, Groupoid, Seouigr,

Introduction to Groups : Definition of a Group and its examples, elementary propsiif groups,
Abelian groups, Cyclic groups, Dihedral groups, Quatergoups, Matrix groups.

Subgroups Definition of subgroup, Properties of subgroups, Cosetsdlagrange’s Theorem, Cen-
tralizer of an element of a group, Centre of a group, Nornealaf a subset in a group, Commutator
subgroup of a group.

Normal Subgroups and Factor Groups Definition of normal subgroup, Characterization of normal
subgroups, Factor groups, Simple groups, Direct produtwofgroups and examples.

Group Homomorphisms. Definition of group homomorphism, Kernel of a homomorphigtrop-
erties of homomorphisms, Isomorphism theorems, Correfgrore theorem, Automorphisms of a
group, Conjugation, Conjugacy classes of groups.

Permutation Groups: Definition of permutation group, Cycles, Symmetric Groguf®njugacy
classes of Symmetric groups and Alternating groups, Caytegorem.

Group Action: Group actions and its examples, Orbit-Stabilizer theorem
Recommended Books:

1. Fraleigh, J. B.,A First Course in Abstract Algebr@earson, 7th edition , 2002.
2. Gallian, C. J.Contemporary Abstract Algeby&hapman and Hall/CRC, 10th edition, 2020.

3. Herstein, I. N.Topics in AlgebraJohn Wiley & Sons, 2nd edition, 1991.



4. Rotman, J.,An Introduction to the Theory of Group4th edition, Springer, 1995.
5. Smith, G. C. and Tabachnikova, O. Mgpics in Group TheorySpringer, 2000.

Course Title: Complex Analysis

Course Code MATH-301

Course Type Major Math

Prerequisites: Calculus

Credit Hours: 3 (3 +0)

Course Objectives:After successful completion of the course, students wikble to:

e Represent complex numbers algebraically and geometricall

e Understand Cauchy-Riemann equations, analytic functoadsvarious properties of analytic
functions.

e Understand Cauchy theorem and Cauchy integral formulagpply these to evaluate com-
plex contour integrals.

e Represent functions as Taylor and Laurent series, clasisifylarities and poles, find residues
and evaluate complex integrals using the residue theorem.

Course Contents:

Introduction to Complex Numbers: Algebra of complex numbers, Geometric representation of
complex numbers, Conjugate and modulus of complex numBelsy form of complex numbers,
Argument function, Roots of complex numbers.

Functions of Complex Variables: Definition of functions of a complex variable, limit and cént
nuity, Branches of functions, Differentiable. Analyticnittions, The Cauchy-Riemann equations,
Entire functions, Harmonic functions. Elementary funoio Exponential, Trigonometric, Hyper-
bolic, Logarithmic and Inverse elementary functions. Digbns of Conformal mapping and Mobius
transformation.

Complex Integrals: Contours and contour integrals, Upper bounds for Moduliarftour integrals,
Cauchy-Goursat theorem, Cauchy integral formula, Liesgitheorem, Morereas theorem, Funda-
mental theorem of algebra.

Series: Power series, Radius of convergence and analyticity, Taydod Laurents series.

Residues and Polestsolated singular points, Residues, Cauchys Residue €hediypes of singu-
lar points, Calculus of residues, Contour integration, cbgs residue theorem with applications in
computing real integrals.

Recommended Books:



1. Brown, J. W. and Churchill, R. V.,Complex Variables and ApplicationsicGraw Hill, 9th
edition, 2013.

2. Kasana, H. S.,Complex Variables: Theory and Applicatioriarentice-Hall of India Pvt.Ltd,
2nd edition, 2005.

3. Pennisi, L.,Elements of Complex Variablddolt, Rinehart and Winston, 2nd edition, 1976.
4. Spiegel, M. R.,Complex VariablesvicGraw-Hill Education-Europe, 1980.

5. Zill, D. G. and Shanahan, P. DComplex Analysis: A First Course with Applicatiodsnes &
Bartlett Learning, 3rd edition, 2013.

Course Title: Linear Algebra
Course Code MATH-302
Course Type Major Math
Prerequisites: Group Theory
Credit Hours: 3 (3 +0)
Course Objectives:After completion of this course, the students will be abte to
e Analyze and solve complex systems using linear equatiansé&ztical applications utilizing
MATLAB/Python for computational efficiency.

e Explore the structure and properties of vector spaces ardiitransformations.

e Apply linear transformations, eigenvalues, and eigerrsdb real-world problems, enhanc-
ing skills in matrix diagonalization.

e Ultilize linear algebra techniques in diverse applicatisnsh as fractals, chaos theory and
cryptography.

Course Contents:

Systems of Linear Equations and Matrices:Definition of matrix, various types of matrices(Diagonal,
Triangular, Symmetric Matrices), Algebra of matrices, &satinants, Systems of Linear Equations,
Guassian elimination and Gauss Jordan method. Appliatbifinear systems: Network analysis
(Traffic flow), Electrical circuits

Vector SpacesAdditive Abelian group, Definition of a field and examples aReector spaces, sub-
spaces, Linear combination and spanning set, Linear imilgmee and linear dependence, Basis,
Dimension, Quotient space, Rank of a matrix and its apptinat

Orthogonality in Vector spaces: Inner product, Orthogonality, Gram-Schmidt process, Qgtinal
Complement, Method of least squares.



Eigenvalues and EigenvectorsEEigenvalues and eigenvectors, Characteristic polyngrbialgo-
nalization of a matrix, Cayley-Hamilton Theorem.

Linear Transformations: Definition of linear transformations, Invertibility andhgjularity of linear
transformations, Rank and nullity of linear transformatipMatrix of a linear transformation.

Applications of Linear Algebra: Fractals, Chaos theory, and Cryptography.

Recommended Books:

1.

Anton, H. and Rorres, CElementary Linear Algebra Applications Versjaiohn Wiley and
Sons Inc. 9th Edition, 2005.

. Friedberg, S. H., Insel, A. J. and Spence, L. Einear Algebra Prentice Hall, 3rd Edition,

2000.

Kolman, B. and Hill, D. R.,Introduction Linear Algebra with Application®rentice Hall Inter-
national, Inc. 7th Edition, 2001.

. Lipschutz, S.Schaum’s Outline of Beginning Linear Algebifdc-Graw Hill Company, New

York, 1996.

Nicholoson, W. K. ,Elementary Linear Algebrd@WS-Kent Publishing Company, Boston, 2004.

Course Title: Partial Differential Equations

Course Code MATH-303

Course Type Major Math

Prerequisites: Ordinary Differential Equations

Credit Hours: 3 (3 +0)

Course Objectives: Partial Differential Equations (PDESs) are at the heart gdli@d mathematics

and many other scientific disciplines. After the completdithe course, students will be able
to:

e Understand fundamental concepts of PDES, identificatiahctassification of their different
types.

e Learn technique of separation of variables to solve padifédrential equations and analyze
the behavior of solutions in terms of eigen function expansi

e Apply elementary solution techniques and be able to in&rre results and solve specific
problems in major area of studies.

Course Contents:



First Order Partial Differential Equations: Introduction, Formation of PDEs, Linear PDEs of
the first order, Cauchy’s problem for quasilinear first-orB®Es, First order nonlinear equations,
Special types of first order equations.

Second order Partial Differential Equations: PDEs of second order in two independent vari-
ables with variable coefficients, Linear transformaticonirone equation to another, normal form,
Cauchy’s problem for second order PDEs in two independerdblas.

Adjoint Equations: Adjoint operator, Self-adjoint equation and operator,danPDEs im inde-
pendent variables, Lagrange’s identity, Green’s theormrmsélf-adjoint operator.

Boundary Value Problems: Laplace equation, Dirichlet problem for a circle, Poissdntegral for
a circle, solution of Laplace equation in cartesian, Cyiical, and spherical coordinates, The wave
equation in one dimension, Wave equation in higher dimerssidbhe heat equation.

Recommended Books:

1. Dennemyer, R.Introduction to Partial Differential Equations and Bourmyavalue Problems
McGraw Hill, 1st edition, 1968.

2. Haberman, RElementary Applied Partial Differential EquatioyBrentice Hall, 1997.

3. Pinsky, M. A.,Partial differential equations and boundary-value prake with applications
Amer Mathematical Society, 3rd edition, 2011.

4. Sneddon, I. N.Elements of Partial Differential Equation®over Publishing, 2006.

5. Zauderer, E.Partial Differential Equations of Applied Mathematjc$Viley-Interscience, 2nd
edition, 1998.

Course Title: Computational Tools

Course Code MATH-304

Course Type Major Math

Prerequisites: Applications of ICT

Credit Hours: 3 (3 +0)

Course Objectives:After completion of this course, the students will be abte to

e Write programs to solve engineering problems using MATLBthematica.

e Develop skills to analyze, decompose, and solve enging@rioblems algorithmically with
MATLAB/Mathematica.

e Understand various programming constructs and their egpdins in computational problem-
solving.

e Typeset articles, books and ThesestiEK and prepare presentations in Beamer.



Course Contents:

Introduction to MATLAB : MATLAB interface, Command Window, user input and outputjth-
metic, variables, operators and expressions, Errors int)Mectors and Matrices, Functions: Built-in
Functions, User-Defined Functions. Graphics: two-dimamdiplots, three-dimensional plot. Cal-
culus with MATLAB Differentiation, Integration, Limits Sus and Products, Taylor Series.

Matlab Programming: Logical Operators, M-Files, Script M-Files, Function Mds, Flow con-
trol: if statement, While loops, break, continue, For lodgssted Loops, Array Functions.

Mathematica: Getting Acquainted, Basic Concepts, Lists, Two-Dimenal@raphics, Three-Dimensional
Graphics, Equations, Algebra and Trigonometry, Diffei@r€alculus, Integral Calculus, Multivari-
ate Calculus, Ordinary Differential Equations.

LATEX: A brief history of TEX and its evolution toATEX, Techniques for customizing page layouts
and formatting documents, Inserting and formatting matteral symbols and equations, adding
and formatting tables, figures, and plots inAdgX document, Guidelines and best practices for
writing reports, books, and theses AigX.

Recommended Books:

1. Herniter, M.E.,Programming in MATLABCengage Learning, 1st edition, 2000.

2. Hunt, B.R., Lipsman, R. L. and Rosenberg, J. M.Guide to MATLAB: For Beginners and
Ex