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Preamble 

Mathematics has today become integral part of all industry domains as well as fields of 

academics and research. The industry requirements and technologies have been steadily 

and rapidly advancing in application of Mathematics. Organizations are increasingly opting 

for Machine learning techniques and Artificial intelligence which requires strong 

Mathematical background. The students are thinking beyond career in the industry and 

aiming for research opportunities. The B.Sc. Mathematics course structure therefore needed 

a fresh outlook and complete overhaul. A real genuine attempt has been made while 

designing the new syllabus for this 3- year graduate course. This syllabus prepares the 

students for a career in industry and also motivates them towards further studies and 

research opportunities.  

The core philosophy of overall syllabus is to 

(i) Form strong foundation of Mathematical science, 

(ii) Introduce emerging trends to the students in gradual way 

(iii) Groom the students for the challenges of industry. 

The syllabus proposes to have nine core subjects of Mathematics. All core subjects are 

proposed to have theory as well as its application. In the first year i.e. for semester I & II, 

basic foundation of important skills required for Mathematical development is laid.  

The syllabus provides best learning experience to the students as well as to the teachers by 

offering in Semester III - INTRODUCTION TO COMPUTING AND PROBLEM 

SOLVING - I.-  In this course students are enabled to write their own Programs in Python 

and in Semesters IV - INTRODUCTION TO COMPUTING AND PROBLEM SOLVING 

– II - The Aim of this course is to develop Algorithm thinking towards problem solving. 

The syllabus design for further semesters encompasses more advanced and specialized 

courses of Mathematics. 

We sincerely believe that any student taking this course will get very strong foundation 

and exposure to basics, advanced and emerging trends of the subject. We hope that the 

students’ community and teachers’ fraternity will appreciate the treatment given to the 

courses in the syllabus. 

We wholeheartedly thank all experts who shared their valuable feedbacks and suggestions 

in order to improvise the contents, we have sincerely attempted to incorporate each of them. 

We further thank Chairperson and members of Board of Studies for their confidence in us. 

Special thanks to Department of Mathematics and colleagues from various colleges, who 

volunteered or have indirectly helped designing certain specialized courses and the syllabus 

as a whole. 

The curriculum retains the current workload of Mathematics Departments. 

 

 



 

 

S.Y.B.Sc. Mathematics Semester III 

Paper I - CALCULUS III 

COURSE 

CODE 

UNIT TOPICS CREDITS L/W 

USMT301 I Real Numbers  2 3 

II Uniform Continuity, 

Sequences and 

subsequences 

III Infinite series 

Paper II - ALGEBRA III 

USMT302 I Introduction to Linear 

Algebra 

2 3 

II Vector Spaces and 

Subspaces 

III Basis and Dimension 

Paper III-INTRODUCTION TO COMPUTING AND PROBLEM SOLVING - I 

USMT303 I Problem solving 

strategies 

2 3 

II Python programming 

language 

III Iterations, Strings & File 

Handling in Python 

PRACTICALS 

USMTP03  Practical based on 

USMT301,USMT302  

and USMT303 

3 5 

Teaching Pattern 

 Three lectures per week per course. Each lecture is of 48 minutes duration. 

1.  One Practical per week for course USMT301 and USMT302 of duration one lecture 

(48 minutes) (the batches to be formed as prescribed by the University). One 

Practical per week for course USMT303 of duration three lecture (3X48 minutes) 



 

 

S.Y.B.Sc. Mathematics Semester IV 

Paper I - CALCULUS IV 

COURSE 

CODE 

UNIT TOPICS CREDITS L/W 

USMT401 I Riemann Integration 2 3 

II Second order Differential 

equation 

III Higher order Differential 

equation 

Paper II - ALGEBRA IV 

USMT402 I Linear Transformation- I 2 3 

II Linear Transformation- II 

III Determinant and its 

properties 

Paper III -INTRODUCTION TO COMPUTING AND PROBLEM SOLVING - II 

USMT403 I Algorithms 2 3 

II Graph Theory & The 

Shortest path algorithm 

III Trees & Traversal 

algorithm 

PRACTICALS 

USMTP04  Practical based on 

USMT401,USMT402  and 

USMT403 

3 5 

Teaching Pattern 

1.  Three lectures per week per course. Each lecture is of 48 minutes duration. 

2.  One Practical per week for course USMT401 and USMT402 of duration one lecture 

(48 minutes) (the batches to be formed as prescribed by the University). One 

Practical per week for course USMT403 of duration three lecture (3X48 minutes) 

 

 



 

 

Semester III 

USMT301     Calculus- III 

Unit I: Real Numbers (15 Lectures) 

(a)   Countable sets, Uncountable sets and examples 

 The set of real numbers is uncountable 

(b) Neighbourhood of a point, open sets in ℝ and closed sets as complement of open 

sets.  

(c)  Limit point, examples, Closed interval contains all its limit points, A finite set has 

no limit points. Examples of infinite sets without any limit points 

(d) Dense sets, Rationals are dense in ℝ. 

 

Unit II: Uniform Continuity, Sequences and subsequences(15 Lectures) 

(a)  (i) Uniform continuity, Examples of uniformly continuous functions, functions 

which are continuous but not uniformly continuous  

 (ii)Continuous function on a closed and bounded interval is uniformly continuous. 

(b)  Sequences, subsequences and properties (Revision)  

(c) Limit inferior, Limit superior of a sequence 

(d) Sequential characterization of a limit point of a set 

(e) Bolzano-Weierstrass Theorem: Every Bounded sequence of real numbers has a 

convergent subsequence. (with proof) 

 

 

Unit III: Infinite Series (15 Lectures) 

(a)   Infinite series of real numbers. The sequence of partial sums of an infinite series,  

   convergence and divergence of a series, Algebra of convergent series. 

(b)  Cauchy criterion of convergence of series, absolute convergence of a series,  

            Geometric series 

(c)  Alternating series: Leibnitz Theorem , conditional convergence, An absolutely  

   convergent series is conditionally convergent but converse is not true. 

(d)  Cauchy condensation test(Statement only). 

             Application to convergence of p – series :  

   ∑
1

𝑛𝑝 (p > 1). Divergence of Harmonic series : ∑
1

𝑛
 

(e)  Tests for absolute convergence, comparison test, ratio test, root test 

             (including proofs), Examples. 

 

Recommended Books : 

(1) Robert G. Bartle and Donald R. Sherbet : Introduction to Real Analysis  

      (Springer – Verlag) 

(2) R. R. Goldberg : Methods of Real Analysis 

     (Oxford and IBH publication company, New Delhi) 

(3) T. Apostol : Calculus Vol. I, second edition (John Wiley) 

 



 

 

USMT302    Algebra-III 

Unit 1: Introduction to Linear Algebra: 

Types and Properties of matrices, Matrices with real entries; addition, scalar 

multiplication and multiplication of matrices; transpose of a matrix, types of matrices: 

zero matrix, identity matrix, scalar matrices, diagonal matrices, upper triangular matrices, 

lower triangular matrices, symmetric matrices, skew-symmetric matrices, Invertible 

matrices; Identities such as  (AB)t = BtAt, (AB)−1 = B−1A−1. 

System of linear equations in matrix form, elementary row operations, row echelon 

matrix, Gaussian elimination method, to deduce that the system of m homogeneous linear 

equations in n unknowns has a non-trivial solution if m < n. 

Parametric/standard equation of lines and planes.  

Unit 2 : Vector Spaces and Subspaces 

Definition of a real vector space, examples such as Rn, R[X], Mm×n(R), space of all real 

valued functions on a non-empty set. 

Subspace: definition, examples: lines, planes passing through origin as subspaces of R2,R3 

respectively; upper triangular matrices, diagonal matrices, symmetric matrices, skew-

symmetric matrices as subspaces of Mn(R) (n = 2,3); Pn(X) = {a0 + a1X +···+ anXn}  

ai ∈ R ∀ 0 ≤ i ≤ n} as a subspace R[X], the space of all solutions of the system of m 

homogeneous linear equations in n unknowns as a subspace of Rn. 

Properties of a subspace such as necessary and sufficient condition for a non empty subset 

to be a subspace of a vector space, arbitrary intersection of subspaces of a vector space is 

a subspace, union of two subspaces is a subspace if and only if one is a subset of the 

other. 

Unit 3: Basis and Dimension   

Finite linear combinations of vectors in a vector space; the linear span L(S) of a non-

empty subset S of a vector space, S is a generating set for L(S), L(S) is a vector subspace 

of V ; linearly independent/linearly dependent subsets of a vector space, a subset 

{v1,v2,··· ,vk} of a vector space is linearly dependent if and only if ∃ i ∈{1,2,···k} such 

that vi is a linear combination of the other vectors vj.  

Basis of a vector space, dimension of a vector space, maximal linearly independent subset 

of a vector space is a basis of a vector space, minimal generating set of a vector space is a 

basis of a vector space, any two basis of a vector space have the same number of 

elements, any set of n linearly independent vectors in an n−dimensional vector space is a 

basis, any collection of n + 1 linearly independent vectors in an n−dimensional vector 

space is linearly dependent; if W1, W2 are two subspaces of a vector space V then W1 + 

W2 is a subspace of the vector space V of dimension dim(W1) + dim(W2)−dim(W1 ∩W2), 

extending any basis of a subspace W of a vector space V to a basis of the vector space V. 



 

 

Reference Books:  

1. Serge Lang, Introduction to Linear Algebra, Second Edition, Springer. 

2. S. Kumaresan, Linear Algebra, A Geometric Approach, Prentice Hall of India Pvt. Ltd,        

    2000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

USMT303 INTRODUCTION TO COMPUTING AND PROBLEM SOLVING – I 

 

Objectives: 

The objective of this paper is to introduce various concepts of programming to the 

students using Python. 

Expected learning outcomes: 

1) Students should be able to understand the concepts of programming before actually  

     starting to write programs. 

2) Students should be able to develop logic for Problem Solving. 

3) Students should be made familiar about the basic constructs of programming such as  

    data, operations, conditions, loops, functions etc. 

4) Students should be able to apply the problem solving skills using syntactically simple  

    language .Python (version: 3.X or higher) 

 

Unit-I Problem solving strategies (15 lectures) 

 

A. Problem Solving strategies 

 

Problem analysis, formal definition of problem, Solution, top-down design, breaking a 

problem into sub problems, overview of the solution to the sub problems by writing step 

by step procedure (algorithm), flowcharts. 

 

B. Python programming language: Python (version: 3.X or higher) 

 

1. Variables, expressions and statements Values and types: int, float and str 

    Variables: assignment statements, printing variable values, types of variables. 

2. Operators, operands and precedence:+, -, /, *, **, % 

    PEMDAS(Rules of precedence) 

3. String operations: + : Concatenation, * : Repetition 

4. Boolean, Comparison and Logical operators: Boolean operator: == 

    Comparison operators: ==, !=, >, <, >=, <= 

    Logical operators: and, or, not 

    Mathematical functions: sin, cos, tan, log, sqrt etc. 

    Keyboard input:  input statement 

 

Unit-II: Iterations and Conditional statements (15 lectures) 

 

A. Conditional and alternative statements, Chained and Nested Conditionals: 

 

    if, if-else, if-elif-else, nested if, nested if-else 

    Looping statements such as while, for. 

    Tables using while. 

B. Functions: 

 

    Calling functions: type, id 

    Type conversion: int, float, str 

    Type coercion 

    Composition of functions 

    User defined functions, Parameters and arguments 

 



 

 

Unit-III Strings (15 lectures) 

 

A. Elementary Python Graphics 

 

B. Strings and Lists in Python 

 

Strings: Compound data types, Length (len function) 

String traversal: Using while statement, Using for statement 

Comparison operators (>, <. ==) 

Lists and List operations 

Use of range function accessing list elements 

List membership and for loop 

List operations 

List updation: addition, removal or updation of elements of a list 

 

C. Tuples, dictionaries and File handling in Python 

 

Tuples:  

Defining a tuple, Index operator, Slice operator, Tuple assignment, Tuple as a return 

Value  

Dictionaries:  

Creating a Dictionary, Operations on dictionaries (Deletion of elements, addition of 

elements, Len function) 

Files:  

Creating a file object, Writing into the file, Closing a file, Opening a file in reading mode, 

Reading data from the file  

 

Directories: 

Opening a file in specific directory 

 

Exceptions:  

try and except commands 

 

 

Recommended Text Books 

1. Downey, A. et al., How to think like a Computer Scientist: Learning with Python, 

John Wiley, 2015. 

2. Goel, A., Computer Fundamentals, Pearson Education. 

3. Lambert K. A., Fundamentals of Python - First Programs, Cengage Learning India, 

2015. 

4. Rajaraman, V., Computer Basics and C Programming, Prentice-Hall India. 

 Additional References Books 

1. Barry, P., Head First Python, O Reilly Publishers. 

2. Dromy, R. G., How to solve it by Computer, Pearson India. 

3. Guzdial, M. J., Introduction to Computing and Programming in Python,  

    Pearson India. 

4. Perkovic, L., Introduction to Computing Using Python, 2/e, John Wiley, 2015. 

5. Sprankle, M., Problem Solving & Programming Concepts, Pearson India. 

6. Venit, S. and Drake, E., Prelude to Programming: Concepts & Design, 

    Pearson India.. 



 

 

Practical for USMT303: 

 

Programming with Python  

 

1. Installing and setting up the Python IDLE interpreter. Executing simple statements 

like expression statement, assignment, the print function for output. 

2. Script and interactive modes; defining a function in the two modes; executing 

a script; interactively executing input function. 

3. Programs based on lists, conditional constructs, the for statement and the range 

function; interactively using the built-in functions len, sum, max, min . 

4. Programs related to string manipulation. 

5. Programs based on the while statement; importing and executing built-in 

            functions from math . 

6. Programs using break and continue statements. 

7. Programs related to dictionaries. 

8. Programs using list. 

9. Programs using the built-in methods of the string, list and dictionary classes. 

10. Program for elementary drawing. 

11. Program to read and write in file. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

SEMESTER IV 
 

USMT401                Calculus IV 

NOTE : All topics have to be covered with proof in detail(unless mentioned otherwise) 

and examples 

Unit I : Riemann Integration (15 Lectures) 

(a)  Approximation of area, Upper/lower Riemann sums and its properties, Upper/lower  

       Riemann integrals, Definition of Riemann integral on a closed and bounded interval,  

       Criterion of Riemann integrability  

(b)   If a < c < b then f ∈ ℛ[𝑎, 𝑏] iff f ∈ ℛ[𝑎, 𝑐] and ∈ ℛ[𝑐, 𝑏]. Further ∫ 𝑓
𝑏

𝑎
= ∫ 𝑓

𝑐

𝑎
+ ∫ 𝑓

𝑏

𝑐
  

(c)    If f, g ∈ ℛ[𝑎, 𝑏] and 𝛼 ∈ ℝ then (f + g)  ∈ ℛ[𝑎, 𝑏] and 𝛼 f ∈ ℛ[𝑎, 𝑏]. 

        Further ∫ (𝑓 + 𝑔)
𝑏

𝑎
= ∫ 𝑓

𝑏

𝑎
+ ∫ 𝑔

𝑏

𝑎
 and ∫ 𝛼𝑓

𝑏

𝑎
= 𝛼 ∫ 𝑓

𝑏

𝑎
 

(d)   If f ∈ ℛ[𝑎, 𝑏] then |f|  ∈ ℛ[𝑎, 𝑏] Further |∫ 𝑓
𝑏

𝑎
| ≤ ∫ |𝑓|

𝑏

𝑎
  

(e)    If f ≥ 0 then ∫ 𝑓
𝑏

𝑎
≥ 0  

(f)     If f ∈ 𝒞[𝑎, 𝑏] then f ∈ ℛ[𝑎, 𝑏] 

(g)     If f is bounded with finite number of discontinuities then f ∈ ℛ[𝑎, 𝑏]  

(h)     If f is monotone then f ∈ ℛ[𝑎, 𝑏] 

(i)      First and Second Fundamental Theorem of Calculus 

 

Unit II : Second Order Differential Equations and System of differential equations 

(15 Lectures) 

(a) (i)  The general second order differential equation. Existence and Uniqueness  

      Theorem for the solution of Second order initial value problem 

      (Statement Only) 

(ii) Homogeneous and non – nonhomogeneous second order differential  

      equation ns. Solution space of homogeneous equations as a vector space 

      Wronskian and linear independence of the solutions. The general solution        

      of a homogeneous differential equation. The use of known solution to find    

      a general solution of homogeneous equation. The general solution of a   

      non-homogeneous second order differential equation 

       (iii)   The homogeneous equation with constant coefficients, auxiliary equation,  

                        the general solution corresponding to real and distinct roots. 

 



 

 

      (iv) Non-homogeneous equation : The method of undetermined coefficients, the   

                    method  of variation of parameters. 

(b)  (i) Existence and uniqueness theorem (Statement only)  

   (ii) Study of homogeneous system of ODEs in two variables. 

                  Let a1(t), a2(t), b1(t), b2(t) be  continuous real valued functions defined on 

                  [a, b]. Fix t0 ∈ [a, b]. Then there exists a    

         unique solution x = x(t), y = y(t) valid throughout [a, b] of the following  

                  system : 

            
𝑑𝑥

𝑑𝑡
= 𝑎1(𝑡)𝑥 + 𝑏1(𝑡)𝑦 

            
𝑑𝑦

𝑑𝑡
= 𝑎2(𝑡)𝑥 + 𝑏2(𝑡)𝑦 

           satisfying the initial condition : x(t0) = x0 and y(t0) = y0. 

    (iii) The Wronskian W(t) of two solutions of homogeneous linear system of ODEs       

                  in two variables, result : W(t) is identically zero or nowhere zero on [a, b].  

                 Two linearly independent solutions and the general solution of a homogeneous   

                 linear system of  ODEs in two variables. 

      (iv) Explicit solutions of a homogeneous linear system with constant coefficients  

                  in two variables. 

 

Unit III : Higher order differential equations (15 Lectures) 

(a)   Fundamental Existence and uniqueness Theorem (Statement Only), Problems 

(b)  Method of operators 

(c)  Inverse operator  

(d)  (i) 
1

𝐷−𝑎
𝑒𝑎𝑥 = 𝑥𝑒𝑎𝑥,    (ii) 

1

(𝐷−𝑎)𝑛 𝑒𝑎𝑥 =
𝑥𝑛

𝑛!
𝑒𝑎𝑥 

   (iii) 
1

𝑓(𝐷)
𝑒𝑎𝑥 =

1

𝑓(𝑎)
𝑒𝑎𝑥 , if 𝑓(𝑎) ≠ 0  

     (iv) 
1

𝑓(𝐷)
𝑒𝑎𝑥 =

𝑥𝑟

𝑟!𝜙(𝑎)
𝑒𝑎𝑥 , if 𝑓(𝐷) ≠ (𝐷 − 𝑎)𝑟𝜙(𝐷) where 𝜙(𝑎) ≠ 0 

(e)  (i) 
1

𝑓(𝐷2)
sin 𝑎𝑥 =

1

𝑓(−𝑎2)
sin 𝑎𝑥 and 

1

𝑓(𝐷2)
cos 𝑎𝑥 =

1

𝑓(−𝑎2)
cos 𝑎𝑥, if 𝑓(−𝑎2) ≠ 0  

(f)  
1

𝑓(𝐷)
(𝑒𝑎𝑥𝑉) = 𝑒𝑎𝑥 1

𝑓(𝑎+𝐷)
𝑉 where V is a function of x. 

(g)  
1

𝑓(𝐷)
(𝑥𝑉) = [𝑥 −

1

𝑓(𝐷)
𝑓′(𝐷)] .

1

𝑓(𝐷)
𝑉  where V is a function of x. 

 

Recommended Books : 

(1)  G. F. Simmons : Differential Equations with applications and historical notes     

      (McGraw Hill) 

(2)  E. A. Coddington : An introduction to ordinary differential equations  

     (Dover Books)  



 

 

USMT402                                         Algebra-IV 

Unit 1: Linear Transformation – I 

Linear transformations - definition and properties, examples including: (i) Natural 

projection from Rn to Rm (n ≥ m) (ii) The map LA : Rn →Rm defined by LA(X) = AX, 

where A is an m×n matrix over R (iii) Rotations and reflections in R2, Stretching and 

Shearing in R2.(iv)Orthogonal projections in Rn.  

The linear transformation being completely determined by its values on basis. 

The sum and scalar multiple of linear transformations from U to V where U, V are finite 

dimensional vector spaces over R is again a linear transformation. The space L(U,V ) of 

linear transformations from U to V . The dual space V ∗ where V is finite dimensional 

real vector space. 

 Kernel and image of a linear transformation.  Rank-Nullity Theorem.  

The linear isomorphisms, inverse of a linear isomorphism.  

Composite of linear transformations. 

Reference for Unit 1: Chapter VIII, Sections 1, 2 of Introduction to Linear Algebra, 

Serge Lang, Springer and Chapter 4, of Linear Algebra A Geometric Approach, S. 

Kumaresan, Prentice-Hall of India Private Limited, New Delhi 

Unit 2: Linear Transformation – II  

Representation of a linear transformation from U to V , where U and V are finite 

dimensional real vector spaces by matrices with respect to the given ordered bases of U 

and V .  

The relation between the matrices of linear transformation from U to U with respect to 

different bases of U.  

 Matrix of sum of linear transformations and scalar multiple of a linear transformation.  

Matrices of composite linear transformation and inverse of a linear transformation. 

Equivalence of rank of an m×n matrix A and rank of the linear transformation 

 LA : Rn →Rm (LA(X) = AX). The dimension of solution space of the system of linear 

equations AX = 0 equals n−rank A. The solutions of non-homogeneous systems of linear 

equations represented by AX = B. Existence of a solution when rank(A) = rank(A,B).  

The general solution of the system is the sum of a particular solution of the system and 

the solution of the associated homogeneous system. 

Reference for Unit 2: Chapter VIII, Sections 1, 2 of Introduction to Linear Algebra, 

Serge Lang, Springer and Chapter 4, of Linear Algebra A Geometric Approach, S. 

Kumaresan, Prentice-Hall of India Private Limited, New Delhi 

 



 

 

Unit 3 : Determinant and its properties 

Definition of determinant as an n-linear skew-symmetric function from 

Rn ×Rn ×···×Rn →R such that determinant of (E1,E2,...,En) is 1, where Ej denotes the jth 

column of the n×n identity matrix In. Determinant of a matrix as determinant of its 

column vectors (or row vectors). 

 

Existence and uniqueness of determinant function via permutations (without proof). 

Computation of determinant of 2×2, 3×3 matrices, diagonal matrices. 

Basic results on determinants such as det(At) = det(A), det(AB) = det(A)det(B).  

Laplace expansion of a determinant (statement only), Vandermonde determinant, 

determinant of upper triangular and lower triangular matrices.  

Linear dependence and independence of vectors in Rn using determinants.  

The existence and uniqueness of the system AX = B, where A is an n×n matrix with 

det(A) ≠ 0. (iii) Cofactors and minors, Adjoint of an n×n matrix A. Basic results such as 

A·adj(A) = det(A) · In. An n × n real matrix A is invertible if and only if detA ≠ 0; 

formula for A−1 using adjoint A for an invertible matrix A.  

Cramer’s rule. 

Determinant as area and volume. 

Reference for Unit 3: Chapter VI of Linear Algebra A geometric approach, S. 

Kumaresan, Prentice Hall of India Private Limited, 2001 and Chapter VII Introduction to 

Linear Algebra, Serge Lang, Springer Verlag. 

 

 

 

 

 

 

 

 

 

 

 



 

 

USMT403 INTRODUCTION TO COMPUTING AND PROBLEM SOLVING – II 

 

Objective: 

1. To develop Algorithm thinking towards problem solving  

2. To study Problem solving strategies like divide and concur, recursive thinking etc. 

3. To understand and apply the fundamental concepts in graph theory. 

4. To apply graph theory based tools in solving practical problems 

 

Expected Learning Outcomes: 

1. Students should be able to develop logic for Problem Solving. 

2. Students should get an understanding of graphs and trees, which are widely used in  

    software and be able to apply principles and concepts of graph theory in practical  
     situations. 
 

Unit I: Algorithms (15 Lectures) 

 

A. Definition of an algorithm, characteristics of an algorithm, Selection and 

iterative  constructs in pseudocode, simple examples such as 

    (a) Exchanging values of variables, 

(b) Sum of n given numbers. 

 

    B. Searching and sorting algorithms including the following: 

         (a) Finding maximum and/or minimum element in a finite sequence of integers, 

         (b) The linear search and binary search algorithms of an integer x in a finite  

               Sequence of distinct integers, 

         (c) Sorting of a finite sequence of integers in ascending order, selection sort. 

 

   C. Algorithms on integers: 

       (a) Modular exponent 

       (b)  Euclidean algorithm to find the GCD of two non-zero integers.  

 

   D.  Recursion 

         Examples including: 

   (a) Tower of Hanoi 

   (b) Fibonacci sequence 

 

Unit II: Graphs (15 Lectures) 

 

A. Introduction to graphs:  

Types of graphs: Simple graph, directed graph, (One example/graph model of 

each type to be discussed). 

 

B. (a) Graph Terminology:  

Adjacent vertices, degree of a vertex, isolated vertex, pendant vertex in a 

undirected graph. 

(b) Theorem:   

    i) The handshaking Theorem for an undirected graph,  

    ii) An undirected graph has an even number odd vertices. 

 

 



 

 

      C. Some special simple graphs (by simple examples):  

             Complete graph, cycle, wheel in a graph, Bipartite graph, regular graph. 

 

 

      D. Representing graphs and graph isomorphism: 

 

(a) Adjacency matrix of a simple graph. 

(b) Incidence matrix of an undirected graph. 

 

    E. Connectivity: 

(a) Paths, circuits, simple paths, simple circuits in a graph (simple examples). 

(b) Connecting paths between vertices (simple examples). 

(c) Euler paths and circuits, Hamilton paths and circuits,  

(d) Diracs Theorem (statement only), Ores Theorem (statement only) 

(e) Planar graphs, planar representation of graphs, Eulers formula. 

   Kuratowskis Theorem (statement only). 

    F. Algorithms:          

 Shortest path problem: Construction of Eulerian path by Fleury's Algorithm,  

The shortest path algorithm - Dijkstras Algorithm, Floyd's Algorithm to find the 

length of the shortest path. 

 

Unit III: Trees (15 Lectures) 

 

A. (a) Trees: Definition and Examples. 

     (b) Forests, binary trees 

     (c) Trees as models. 

     (d) Properties of Trees. 

 

B. Application of Trees: 

     (a) Binary Search Trees, Algorithm for locating an item in or adding an item to a  

           Binary Search Tree. 

     (b) Decision Trees (simple examples). 

     (c) Algorithm for Huffman's coding, construction of Huffman's code by examples. 

 

C. Minimum Spanning Trees, Prims Algorithm, Kruskals Algorithm (No proof) 

 

 

Recommended Text Books: 

1. R.G. Dromey, How to Solve it by computers, Prentice-Hall India. 

2. R. Wilson, Introduction to Graph theory, Fourth Edition, Prentice Hall. 

3. T. H. Cormen, Charles E. Leisenon and Ronald L. Rivest: Introduction to 

    Algorithms, Prentice Hall of India, New Delhi, 1998 Edition. 

4. K. H. Rosen, Discrete Mathematics and Its Applications, McGraw Hill Edition. 

5. B. Kolman, Robert Busby, Sharon Ross: Discrete Mathematical Structures, 

    Prentice-Hall India. 

6. N. Biggs, Discrete Mathematics, Oxford. 

Additional Reference Books: 

1. D. B. West, Introduction to graph Theory, Pearson. 

2. F. Harary, Graph Theory, Narosa Publication. 

3. Graham, Knuth and Patashnik, Concrete Mathematics, Pearson Education Asia  



 

 

Practical for USMT403: 

 

1. Describe an algorithm to count total number of positive and negative values from the     

     given set of numbers. 

2. Describe an algorithm to accept the values of A and B and swap them. 

3. Describe an algorithm to find maximum and minimum of given n- number from the  

    user. 

4. List all the steps used to search for x in the given sequence of ascending numbers 

    Using  (a) a linear search. (b) a binary search. 

5. Describe an algorithm that inserts an integer x in the appropriate position into the given  

    List of integers that are in increasing order. 

6. Describe an algorithm based on the Selection sort for sorting the list of given numbers. 

7. Describe an algorithm that prints first nth terms of the Fibonacci sequence. 

8. Describe an algorithm that finds factorial of a non-negative integer. 

9. Describe Euclidean algorithm to find GCD of given two integers. 

10. Drawing a graph, counting the degree of vertices and number of edges. 

11 Representing a given graph by an adjacency matrix and drawing a graph having given 

     matrix as adjacency matrix. 

12. Determining whether the given graph is connected or not. Finding connected    

     Components of a graph. Finding strongly connected components of a graph. Finding  

     cut  vertices. 

13. To determine whether the given graph is a tree. Construction of Binary Search Tree  

      and applications to sorting and searching. 

14. Application of Prim’s Algorithm 

15. Application of Kruskal’s Algorithm  

16. Examples based on Constructing the Binary Search Tree 

17. Application of Dijkstra’s Algorithm. 

18. Application of Ore’s Theorem 

19. Application of Dirac’s Theorem 

20. Application of Fleury’s Algorithm. 

 

 


