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Annexure A 

 

Syllabus for Semester VII 

 

Course Title: Algebra II 

Course Code: UG-MAT-401 

Semester: VII 

Credits: 4 

Marks: 100 

Duration: 60 hours 

Course Prerequisites: Knowledge of basic group theory, Familiarity with elementary ring theory and 

polynomial rings. 

Course Objective 

To further the study of algebraic structures through group actions, Sylow theorems, polynomial rings, 

and introductory field theory, thereby strengthening students’ conceptual and problem-solving abilities 

in abstract algebra. 

Course Learning Outcomes (CLOs) 

Upon completion of the course, the student will be able to: 

CLO1 : Apply the concepts of group actions, orbits, stabilizers, and the class equation to determine 

structural properties of groups. 

CLO2 : Analyze the subgroup structure of finite groups using Sylow theorems and solve related 

problems. 

CLO3 : Evaluate the reducibility of polynomials using irreducibility tests, Eisenstein’s criterion, and 

unique factorization properties of polynomial rings. 

CLO4 : Explain the basic ideas of field extensions and splitting fields, and analyze simple 

applications of the Fundamental Theorem of Galois Theory. 

 

Content: 

Module I: Class Equation             (15 Hours) 

Review of essential concepts: normal subgroups, quotient groups, cosets, direct products (internal and 

external).  

Orbits, stabilizers.  

Conjugacy classes, class equation, applications. 

 

Module II: Sylow Theorems             (15 Hours) 

First, second, and third Sylow theorems.  

Applications to the structure of finite groups.  

Examples and problem-solving. 

 

Module III: Polynomial Rings             (20 Hours) 

Definition, division algorithm, and consequences.  

Factorization of polynomials over ℤ and ℚ.  

Reducibility and irreducibility tests.  

Eisenstein criterion.  

Unique factorization in ℤ[x].  
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Irreducible elements, prime elements, UFD, PID, ED. 

 

Module IV: Introduction to Field Theory           (10 Hours) 

Field extensions: basic definitions, examples.  

Simple and finite extensions.  

 

References: 

Mandatory Reading: 

1. Gallian, J. A. (2021). Contemporary abstract algebra (11th ed.). Cengage. 

Supplementary Reading: 

1. Dummit, D. S., & Foote, R. M. (2004). Abstract algebra (3rd ed.). Wiley. 

2. Herstein, I. N. (2006). Topics in algebra (2nd ed.). Wiley. 

3. Fraleigh, J. B. (2003). A first course in abstract algebra (7th ed.). Pearson. 

      

 

Course Title: Advanced Analysis II 

Course Code: UG-MAT-402 

Semester: VII 

Credits: 4 

Marks: 100 

Duration: 60 hours 

Course Prerequisites: Knowledge of Real Analysis, Calculus of Several Variables, and Metric Spaces. 

Course Objective: 

To develop a rigorous understanding of advanced topics in real analysis, including differentiability of 

functions of several variables, functions of bounded variation, the Riemann–Stieltjes integral, and an 

introduction to Lebesgue theory, thereby preparing students for higher studies in analysis and measure 

theory. 

Course Learning Outcomes (CLOs): 

Upon completion of the course, the student will be able to:  

CLO1: Apply the concepts of differentiability in ℝ² and ℝ³, and use the Inverse and Implicit 

Function Theorems to solve problems involving multivariable functions. 

CLO2: Explain the properties of functions of bounded variation, and analyze their relation to 

absolute continuity and differentiability. 

CLO3: Compute Riemann–Stieltjes integrals for given functions and evaluate their properties in 

comparison with Riemann integrals. 

CLO4: Construct examples of Lebesgue measurable sets and functions, and compare the Lebesgue 

and Riemann integrals through illustrative problems. 

 

Course Content: 

 

Module I : Functions of Several Variables             10 Hours 

Differentiability in ℝ2 and ℝ3, 

Inverse function and Implicit function theorem 

Taylors theorem of Several variables 

 

Module II : Functions of Bounded Variation             20 Hours 
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Functions of bounded variation on [𝑎, 𝑏] 
Properties and simple examples 

Jordan decomposition theorem (statement and examples) 

Absolutely continuous functions and relation to differentiation 

 

Module III : Riemann- Stieltjes Integral              15 Hours 

Definition and existence of Riemann–Stieltjes integral 

Properties of the integral 

Integration by parts 

Comparison with Riemann Integral 

 

Module IV : Introduction to Lebesgue theory             15 Hours 

Measurable Sets 

Measurable functions 

Different types of Measure 

Introduction of Lebesgue Measure  

 

References: 

Mandatory Reading: 

1. Rudin, W. (1976). Principles of mathematical analysis (3rd ed.). McGraw-Hill. 

2. Apostol, T. M. (1974). Mathematical analysis (2nd ed.). Narosa. 

Supplementary Reading: 

1. Royden, H. L., & Fitzpatrick, P. M. (2010). Real analysis (4th ed.). Pearson. 

2. Pugh, C. C. (2015). Real mathematical analysis (2nd ed.). Springer. 

 

 

Course Title: Topology 

Course Code: UG-MAT-403 

Semester: VII 

Credits: 4 

Marks: 100 

Duration: 60 hours 

Course Prerequisites: Knowledge of Metric Spaces (open/closed sets, convergence, compactness, 

connectedness), Familiarity with sequences and limits in analysis. 

Course Objective 

To introduce the concepts of general topological spaces, connectedness, compactness, and separation 

axioms, thereby extending the student’s foundation beyond metric spaces to prepare for advanced 

courses in analysis and functional analysis. 

 

Course Learning Outcomes (CLOs) 

Upon completion of the course, the student will be able to: 

CLO1 : Define and illustrate examples of topological spaces, bases, subspaces, product topologies, 

and continuous functions. 

CLO2 : Examine and analyze connected spaces, components, and locally connected spaces with 

applications to subspaces of the real line. 
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CLO3 : Apply compactness criteria to determine whether a space is compact, and evaluate the 

relation between compactness, limit point compactness, and local compactness. 

CLO4 : Explain and distinguish between separation axioms and countability axioms, and analyze 

their role in classifying topological spaces. 

 

 

Course Content:  

Module I :Topological Spaces and Continuous Functions   (15 Hours) 

Definition and examples of Topological spaces 

Basis of a topology 

Order topology and Product topology 

Subspace topology 

Closed sets and limit points 

Continuous functions 

 

Module II : Connectedness        (15 Hours) 

Connected Spaces,  

Properties of connected spaces 

Connectected subspaces of  real line 

Components and Local Connectedness 

 

Module III : Compactness        (15 Hours) 

Compact Spaces 

Properties of compact spaces 

Compact subspaces of the real line 

Limit point compactness 

Local compactness 

 

Module IV : Countability and Separation Axioms               (15 Hours) 

Countability Axioms 

Lindelof  Spaces 

Separation Axioms  

Normal Spaces 

 

References: 

Mandatory Reading: 

1. Munkres, J. R. (2014). Topology (2nd ed.). Pearson. 

2. Mendelson, B. (2012). Introduction to topology (3rd ed.). Dover. 

Supplementary Reading: 

1. Simmons, G. F. (2011). Introduction to topology and modern analysis. Tata McGraw-Hill. 

2. Willard, S. (2004). General topology. Dover. 

3. Kelley, J. L. (2017). General topology. Springer. 

4. Armstrong, M. A. (2013). Basic topology. Springer. 

 

 

Course Title: Functional Analysis 
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Course Code: UG-MAT-409 

Semester: VIII 

Credits: 4 

Marks: 100 

Duration: 60 hours 

Course Prerequisites: Knowledge of Linear Algebra (vector spaces, inner product spaces, eigenvalues), 

Familiarity with Metric Spaces (completeness, compactness). 

Course Objective 

To introduce Banach and Hilbert spaces, study bounded operators, and explore fundamental theorems of 

functional analysis, providing a foundation for higher studies in analysis and applied mathematics. 

Course Learning Outcomes (CLOs) 

Upon completion of the course, the student will be able to: 

CLO1 : Define and illustrate normed and Banach spaces with examples, and determine 

completeness of given normed spaces. 

CLO2 : Apply inner product properties in Hilbert spaces to construct orthonormal bases and solve 

problems using Gram–Schmidt process and Parseval’s identity. 

CLO3 : Analyze self-adjoint, normal, and unitary operators on Hilbert spaces and evaluate 

applications of the Projection Theorem. 

CLO4 : Explain the Hahn–Banach Theorem, Uniform Boundedness Principle, Open Mapping 

Theorem, and Closed Graph Theorem, and apply them to solve problems in functional analysis. 

 

Course Content:  

Module I: Normed Spaces and Banach Spaces           (15 Hours) 

Normed linear spaces and examples (ℝⁿ, C[a,b], ℓᵖ). 

Banach spaces and completeness. 

Linear operators, bounded and continuous operators. 

Operator norm. 

 

Module II: Hilbert Spaces              (15 Hours) 

Inner product spaces and Hilbert spaces. 

Cauchy–Schwarz inequality, Pythagoras theorem, parallelogram law. 

Orthogonality, orthogonal complements. 

Orthonormal sets and bases. 

Gram–Schmidt orthogonalization. 

Parseval’s identity. 

Self-adjoint, normal, and unitary operators. 

Projection theorem (statement and proof). 

 

Module III: Finite dimensional Spaces            (15 Hours) 

Finite Dimensional Normed Spaces and Subspaces  

Compactness and Finite Dimension  

Linear Operators on Finite Dimensional Spaces 

 

Module IV: Fundamental Theorems of Functional Analysis         (15 Hours) 

Hahn–Banach Theorem (statement and simple applications). 
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Uniform Boundedness Principle (statement and applications). 

Open Mapping Theorem (statement and idea of proof). 

Closed Graph Theorem (statement). 

 

References:  

Mandatory Reading: 

1. Kreyszig, E. (1989). Introductory functional analysis with applications. Wiley. 

2. Limaye, B. V. (2014). Functional analysis (3rd ed.). New Age International. 

Supplementary Reading: 

1. Rudin, W. (1991). Functional analysis (2nd ed.). McGraw-Hill. 

2. Conway, J. B. (2007). A course in functional analysis (2nd ed.). Springer. 

3. Lax, P. D. (2002). Functional analysis. Wiley-Interscience. 

4. Thamban, S. V. (2016). Functional analysis. Universities Press. 

 

 

Course Title: Computational Linear Algebra 

Course Code: UG-MAT-405 

Semester: VII 

Credits: 4 

Marks: 100 

Duration: 60 hours 

 

Course Prerequisites: Familiarity with matrices and determinants, Basic knowledge of solving linear 

equations. 

Course Objective 

To develop computational skills in linear algebra through Gaussian elimination, vector spaces, 

orthogonality, and eigenvalue problems, emphasizing problem-solving and applications using standard 

algorithms. 

 

Course Learning Outcomes (CLOs) 

Upon completion of the course, the student will be able to: 

CLO1: Solve systems of equations using Gaussian elimination, LU factorization, and matrix 

inverses, and implement these algorithms using programming or Excel. 

CLO2: Describe and compute vector spaces, linear independence, basis, dimension, and the four 

fundamental subspaces, and verify results computationally. 

CLO3: Apply orthogonality, projections, and the Gram–Schmidt process to least-squares problems, 

and perform these computations using software tools. 

CLO4: Compute eigenvalues and eigenvectors, analyze diagonalization, and apply them to 

optimization and stability problems, with computational demonstrations. 

CLO5: Test matrices for positive definiteness, apply quadratic forms to maxima/minima problems, 

and implement algorithms for Singular Value Decomposition (SVD) using programming or Excel. 

 

Course Content : 

Module I: Matrices and Gaussian Elimination      (15 Hours) 

Geometry of linear equations. 
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Gaussian elimination and echelon forms. 

Triangular factors and row exchanges. 

Matrix notation and multiplication. 

Inverses and transposes. 

Gauss Jordan, Reduced Row Echelon form 

Computational Component: Use Excel/Python to perform Gaussian elimination, compute LU 

factorization,matrix inversion using row-reduction 

 

Module II: Vector Spaces         (15 Hours) 

Vector spaces and subspaces. 

Linear independence, basis, and dimension. 

The four fundamental subspaces-Column space, nullspace, row space, left nullspace 

Linear transformations and matrix representation. 

Computational Component: Use Python/Excel to test linear independence of vectors, find a basis and 

dimension of a subspace, Verify rank–nullity theorem, Represent linear transformations as matrices 

 

Module III: Orthogonality         (15 Hours) 

Orthogonal vectors and subspaces. 

Cosines and projections onto lines. 

Projections and least-squares solutions. 

Orthogonal bases and Gram–Schmidt process. 

Orthogonal complements. 

QR factorization. 

Computational Component: Program Gram–Schmidt orthogonalization and verify orthogonality, 

Compute QR factorization numerically. 

 

Module IV: Eigenvalues, Diagonalization, and Applications    (15 Hours) 

Eigenvalues and eigenvectors. 

Diagonalization of matrices. 

Quadratic forms: maxima, minima, and saddle points. 

Positive definite matrices and tests for definiteness. 

Singular Value Decomposition (SVD)  

Computational Component: compute eigenvalues and eigenvectors, Implement power method to 

approximate largest eigenvalue, Perform SVD on a matrix and interpret singular values. 

 

References: 

Mandatory Reading: 

1. Strang, G. (2016). Linear algebra and its applications (5th ed.). Cengage Learning. 

Supplementary Reading: 

1. Lay, D. C., Lay, S. R., & McDonald, J. J. (2016). Linear algebra and its applications (5th ed.). 

Pearson. 

2. Anton, H., & Rorres, C. (2013). Elementary linear algebra: Applications version (11th ed.). 

Wiley. 

3. Noble, B., & Daniel, J. W. (2017). Applied linear algebra (3rd ed.). Dover. 

 

 



Page 13 of 18 
 

Annexure B 

Summary of the changes incorporated in CLOs/PSOs/syllabus  
 

Semester CLOs/PSOs/ 

Course  

Existing Changes suggested Reason 

I/II 

 

Statistics I 

changed to 

Descriptive 

Statistics 

CLOs: General 

understanding of statistics, 

measures of central 

tendency & dispersion, 

correlation & regression, 

Excel basics.  

Content: 4 modules (Intro, 

Univariate statistics, 

Correlation/Regression, 

Excel). 

CLOs revised to 5 

measurable outcomes 

(CLO1–CLO5).  

Content reorganized into 

3 modules: (i) 

Introduction & Data 

Presentation (ii) 

Measures of Central 

Tendency & Dispersion 

including skewness & 

kurtosis (iii) Correlation 

& Regression.  

Excel explicitly 

integrated into each 

module. 

Name of course 

changed to avoid 

levels in MDC.  

4 modules changed to 

3 modules for a 3 

credit course 

Instead of separate 

module on excel it is 

integrated into each 

module 

III Statistics II 

changed to 

Probability 

and Inferential 

Statistics 

CLOs: Probability concepts, 

distributions, sampling, 

hypothesis testing.  

Content: 4 

modules(Probability, 

Probability Distributions, 

Sampling, Significance 

tests). 

CLOs revised into 3 

clear outcomes (CLO1–

CLO3).  

Content reorganized into 

3 modules (Probability 

concepts, Distributions, 

Statistical Inference).  

Added explicit 

hypothesis testing 

methods: chi-square, t-

tests, ANOVA. 

To avoid levels and 

make this course 

independent from 

Descriptive statistics 

I/II Mathematics 

for 

Competitive 

Examination 

 

 

CLOs: (CO1) Solve MCQs 

with speed & accuracy, 

(CO2) Think logically, 

(CO3) Improve thinking 

ability.  

Content: Broad topic list 

(numbers, algebra, 

arithmetic, progressions, 

interest, profit/loss, 

geometry, probability, data 

interpretation). Mostly 

problem-solving focused. 

CLOs restructured into 4 

measurable outcomes 

(CLO1–CLO4) covering 

aptitude, logical 

reasoning, data 

interpretation, and 

strategy.  

Content reorganized into 

3 modules (i) Arithmetic 

& Algebra, (ii) Applied 

Arithmetic, (iii) Logical 

Reasoning, Geometry & 

Data Interpretation). 

To improve CLO 

clarity, and put the 

content into modules 
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Revised Syllabus  

(To be implemented w.e.f. Acad. Year 2025-2026) 

 

Course Title: Descriptive Statistics 

Course Code: UG-MAT-MDC1 

Marks: 75 

Credits: 3 

Duration: 45 hours 

 

Course Objectives: 

To introduce students to the concepts and methods of descriptive statistics, data representation, and 

correlation–regression analysis, with practical application using Excel. 

 

Course Learning Outcomes (CLOs): 

Upon completion of the course, the student will be able to: 

CLO1: Explain the scope, importance, and limitations of statistics. 

CLO2: Organize and present data using diagrams and graphs. 

CLO3: Calculate and interpret measures of central tendency, dispersion, skewness, and kurtosis. 

CLO4: Apply correlation and regression methods to study relationships between variables. 

CLO5: Use Excel for statistical computation and data visualization. 

 

Course Content 

Module I: Introduction and Data Representation                      (15 hours) 

Definition, importance, and scope of statistics; limitations of statistics. 

Types of data: primary and secondary, methods of collection. 

Classification, tabulation, frequency and cumulative frequency distributions. 

Diagrammatic representation: bar diagrams, pie diagrams. 

Graphical representation: histogram, frequency polygon, ogives. 

Excel application: Data entry, frequency tables, basic charts and graphs. 

 

Module II: Measures of Central Tendency and Dispersion          (15 hours) 

Measures of central tendency: Arithmetic mean, Median, Mode. 

Partition values: Quartiles, Deciles, Percentiles. 

Measures of dispersion: Range, Mean Deviation, Standard Deviation, Coefficient of Variation. 

Measures of shape: Skewness and Kurtosis. 

Excel application: Computation of mean, median, mode, standard deviation, coefficient of 

variation, skewness. 

 

Module III: Correlation and Regression                        (15 hours) 

Correlation: meaning and types, scatter diagrams. 

Karl Pearson’s correlation coefficient. 

Spearman’s rank correlation coefficient. 

Regression: Lines of regression, regression coefficients. 
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Excel application: Scatter plots, correlation and regression analysis using built-in functions. 

 

Recommended Books 

1. S.C. Gupta, Fundamentals of Statistics, Himalayan Publishing House. 

2. B.L. Agarwal, Basic Statistics, New Age International. 

 

 

Course Title: Probability and Inferential Statistics 

Course Code: UG-MAT-MDC3 

Marks: 75 

Credits: 3 

Duration: 45 hours 

 

Course Objectives: 

To introduce the fundamental ideas of probability, probability distributions, and hypothesis testing, 

enabling students to analyze data and draw valid conclusions in real-life situations. 

 

Course Learning Outcomes (CLOs): 

Upon completion of the course, the student will be able to: 

CLO1: Apply basic probability concepts, including rules of probability and Bayes’ theorem, to solve 

real-life problems. 

CLO2: Analyze random variables using binomial, Poisson, and normal probability distributions. 

CLO3: Formulate and test hypotheses using chi-square tests, t-tests, and ANOVA, and interpret 

results appropriately. 

 

Course Content 

Module I: Probability Concepts              (15 hours) 

Random experiments, sample space, and events. 

Types of events: independent, mutually exclusive, exhaustive. 

Axiomatic definition of probability. 

Addition and multiplication theorems. 

Conditional probability and Bayes’ theorem. 

 

Module II: Probability Distributions       (15 hours) 

Random variables: discrete and continuous. 

Binomial distribution: mean, variance, and applications. 

Poisson distribution: mean, variance, and applications. 

Normal distribution: properties, applications, and approximation to binomial/Poisson. 

 

Module III: Statistical Inference         (15 hours) 

Sampling, Types of Sampling  

Concept of hypothesis testing. 
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Null and alternative hypotheses. 

Chi-square distribution: Goodness of fit, independence of attributes. 

t-distribution: one-sample and two-sample t-tests. 

One-way ANOVA. 

 

References: 

 

Mandatory Readings: 

1. S. C. Gupta (2014). Fundamentals of statistics (7th ed.). Himalaya Publishing House. 

2. B. L. Agarwal (2013). Basic statistics (5th ed.). New Age International. 

3. Walpole, R. E., Myers, R. H., Myers, S. L., & Ye, K. (2017). Probability and statistics for 

engineers and scientists (9th ed.). Pearson. 

4. Ross, S. (2019). Introduction to probability and statistics for engineers and scientists (6th ed.). 

Academic Press. 

Suggested Readings : 

5.  Lind, D. A., Marchal, W. G., & Wathen, S. A. (2018). Statistical techniques in business and 

economics (17th ed.). McGraw-Hill Education. 

6. Utts, J. (2014). Seeing through statistics (4th ed.). Cengage Learning. 

7. Wheelan, C. (2014). Naked statistics: Stripping the dread from the data. W. W. Norton & 

Company. 

 

 

Course Title: Mathematics for Competitive Examination 

Course Code: UG-MAT-MDC2 

Marks: 75 

Credits: 3 

Duration: 45 hours 

Course Objective 

To equip students with quantitative and logical reasoning skills for solving aptitude-based problems in 

competitive examinations. 

 

Course Learning Outcomes (CLOs) 

Upon completion of the course, the student will be able to: 

CLO1: Solve numerical and algebraic problems with speed and accuracy. 

CLO2: Apply logical reasoning techniques to analyze and solve puzzles and situational problems. 

CLO3: Interpret and evaluate quantitative data presented in tables, charts, and graphs. 

CLO4: Analyze problem patterns and select appropriate strategies for efficient solutions. 
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Course Content: 

 

Module I: Fundamentals of Arithmetic and Algebra          (15 Hours) 

Number System: integers, rational numbers, real numbers, Place value and face value 

Prime, composite, co-prime numbers; binary numbers, Divisibility tests (2, 3, 4, 5, 6, 8, 9 etc.); 

division algorithm 

Arithmetic and geometric progressions 

Ratio and proportion (direct and indirect) 

Percentages, LCM, HCF 

Averages, square root, cube root, squares, cubes 

Surds and indices, logarithms 

Linear, quadratic, and simultaneous equations 

Special cases of polynomial equations 

 

Module II: Applied Arithmetic        (15 Hours) 

Time and work 

Time, speed, distance, velocity 

Problems on trains, boats and streams 

Pipes and cisterns 

Problems on age 

Averages (applied) 

Simple and compound interest 

Profit and loss 

Partnership 

Stocks and shares 

True discount and banker’s discount 

 

Module III: Logical and Analytical Reasoning, Geometry & Data Interpretation (15 Hours) 

Calendar and clock problems 

Race and games-based problems 

Logical reasoning and puzzles 

Logical gates 

Area, volume, surface area 

Height and distance (applications of trigonometry) 

Permutations and combinations 

Probability 

Odd man out, series 

Data Interpretation: tables, bar graphs, pie charts, line graphs, curves 

 

References: 

Madatory References 

1. R.S. Aggarwal (2023). Quantitative Aptitude for Competitive Examinations. Revised Edition. S. 

Chand Publishing. 
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2. Arun Sharma (2023). How to Prepare for Quantitative Aptitude for CAT. 9th Edition. McGraw 

Hill. 

Supplementary References 

3. Abhijit Guha (2022). Quantitative Aptitude for Competitive Examinations. McGraw Hill. 

4. Nishit K. Sinha (2023). Logical Reasoning and Data Interpretation for CAT. Pearson Education. 

5. Rajesh Verma (2023). Fast Track Objective Arithmetic. Arihant Publications. 

 

 

 


