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Course Outline
Semester: I
Course Title: Data Structures and Basic Algorithms-25M41CA111
Semester: I
Credits: 4
Objective:
This course seeks to establish an in-depth knowledge of data structures and algorithmic methodologies for effective problem-solving.  The emphasis is on the application of linear and non-linear structures, the introduction of fundamental design paradigms like greedy algorithms, divide-and-conquer, and dynamic programming, and the advancement of computational thinking via recursion and optimization in practical contexts.
Course Outline:
Data Structure Concept, Basic Terminology, Elementary Data Structures, Abstract Data Type, Arrays & their representation, Operations on Arrays, Pointers, Linked List (Singly, Double & Circular), Operations on Linked List (Traversing, Insertion, Deletion), Stacks and Queues: Recursion (Fibonacci Series, Factorial & Tower of Hanoi problem), Polish Expressions and their Compilations (Infix, Prefix, Postfix), Queues and their implementation, De-Queues, Priority Queues. TreesBinary Trees, Tree Traversal Techniques (Preorder, Postorder, In order), Complete Binary Trees, Binary Search Tree & Operations on Binary Search Tree (Searching, Insertion & Deletion), Height Balance and Concept of AVL Trees (Searching, Insertion & Deletion), and the purpose of B-Trees, Red Black Tree (Searching, Insertion & Deletion), k-d Trees (Nearest neighbor search).Graph: Directed Graphs, Graph Representation (Adjacency Matrix and Linked Representation), Dijkstra’s Shortest Path Algorithm, Graph Traversal Techniques (Breadth First Search & Depth First Search). Searching and Sorting: Linear & Binary Search, Bubble sort, Selection Sort, Counting Sort, Insertion Sort, Merge Sort, Heap Sort, Quick sort. Hash Tables with Resizing, Quantum Data Structures.Basic Algorithm Design Techniques:  Definition, Time and space complexity - Asymptotic Notations and its properties, Best case, Worst case and average case analysis – Recurrence relation: substitution method. Greedy Algorithms: 0/1 Knapsack Problem, Activity Selection, Huffman Encoding Divide and Conquer: Strassen’s Matrix Multiplication, Finding maximum and minimum, Merge Sort, Quick Sort. Dynamic Programming (Introductory): 0/1 Knapsack Problem, Longest Common Subsequence, Matrix Chain Multiplication.

Course Title: Discrete Mathematics
Semester: I
Credits: 3
Objective:
This course aims to provide students with a foundational understanding of discrete mathematical structures essential for computer science. Students will explore sets, sequences, and their data models; develop proficiency in logic, proofs, and formal reasoning; and study relational structures such as graphs, trees, and lattices. Through combinatorics and counting techniques, students will analyze the sizes of finite and infinite sets, including the concept of countability. The course also introduces algebraic structures like groups, rings, and fields, as well as vector spaces, enabling students to model and solve computational problems effectively and rigorously.
Course Outline:
Set theory and relational models, covering operations on sets and relations, equivalence and partial order relations, functions, and lattice theory. Principles of mathematical logic, including propositional and predicate logic, truth tables, inference rules, and proof techniques. Algebraic and number-theoretic structures, introducing semigroups, monoids, groups, modular arithmetic, and key number theory concepts like the Division Algorithm and Euler’s Theorem. Recurrence-based problems using generating functions, substitution methods, and characteristic roots. Introduction to graph theory, addressing graph representations, isomorphism, Eulerian and Hamiltonian paths, planar graphs, coloring, and spanning tree algorithms, with an emphasis on applications and problem-solving.
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Course Title: Operating Systems & System Programming-25M41CA112
Semester: I
Credits: 4
Objective:
The course aims at introducing students to the fundamental concepts of operating systems. The emphasis is on making students familiar with the principles and processes of operating systems, in context of process management, input/output, memory management and file systems.

Course Outline:
Introduction, Evolution (Serial processing, Batch Processing, Multiprogramming), Types of OS (Multi-Programming, Time-Sharing, Distributed, and Real-Time Systems), Operating System Structure (Monolithic, Layered, Kernel, Virtual Machine, Client Server Model).
Process Management: Process Concept, Process states, Implementation of process, PCB, Threads, CPU Scheduling, Types of Schedulers, Scheduling Criteria, Inter-process Communication & Synchronization: Race condition, Critical Section Problem, Mutual Exclusion, Synchronization Hardware, Peterson’s Solution, Producer -Consumer Problem, Semaphores., Deadlocks: Model, Prevention, Avoidance, Detection and Recovery.
Memory Management-I: Basic Hardware, Address binding, Concept of Logical and Physical Addresses, Dynamic loading, Swapping, Single Process Monitor, Multiprogramming with Fixed Partition and Dynamic Partition, Paging (Basic method, Hardware support (TLB)), Segmentation (Basic method, Hardware support).  Memory Management-II: Virtual Memory and its Advantages, Demand Paging (Basic concept), Page Replacement algorithms (FIFO, Optimal Page Replacement, Least Recently Used). Disk management: Disk Scheduling Methods (FCFS, Shortest seek Time first, Scan Scheduling). 
System calls. Linux Files: Regular, Device, Directories. Mounting & Un-mounting: File system, File permissions/privileges. Linux file paths (Absolute, Relative) Linux wild-cards.
Linux commands General Purpose utilities (cal,date,echo,printf,who), File-system (pwd, cd, mkdir, rmdir, ls, cat, cp, rm, mv, wc, chmod). User-related commands. Job scheduling commands (ps, cron, at),Shell scripting

Course Title: Python Programming-25M41CA113
Semester: I
Credits: 4
Objective:
This course acquaints students to understand Python as a scripting language for developers and learn the advanced features of it and their implementation. The students shall learn to identify language components and know how they work together in real time applications. 
Course Outline:
Comments in Python, Statements, Keywords, Identifiers, Variables, Executing python programs (interactively, from a file, other methods), Overview of IPython, Anaconda, Conda and Jupyter Notebook. Data types: Numbers (integers, floating point, complex and bool), Type casting (Implicit Explicit), Strings basics), Functions, Flow control statements, Python Exceptions, Built in exception, User defined exception, Single line comments and multiline comments. Python Modules, Basics of NumPy and SciPy: N dimensional array in Numpy, methods and properties of Numpy, array indexing in Numpy. Lists: Accessing list, Operations, Working with lists , Function and Methods Tuple: Accessing tuples, Operations, Working Functions and Methods Dictionaries: Accessing values in dictionaries, Working with dictionaries, Function and Methods Pandas:  Pandas to open csv files, Reading HTML Files, Reading and Writing to JSONfiles. Overview of SymPy and Matplotlib.



Course Title: Soft Skills-25M21HS111
Semester: I
Credits: 2

Objective: All over the world the English language is spoken, written and read by millions of people. Globalization & the revolution in communication require proficiency in spoken and written English. The objective of the course is to help students to be proficient in English language. Lack of communication skills in English can become a major obstacle in securing proper placement in India and abroad.
Course Outline:
Communication: its type and mode. Verbal and Non-verbal. Barriers and Strategies to overcome the barriers.  Intra Personal, Inter Personal and Group Communication, Impact of Information Technology. Applied Grammar: Tenses, Prepositions, Articles, Modal Auxiliaries. Speaking Skills: Dialogue, Group Discussion, Presentation, Interview, Public Speech. Writing Skills: Report Writing, Resumes, Business Letters, Agendas, Minutes.
Reading and Understanding:  Comprehension, Summary Paraphrasing, Analysis and Interpretation, Translation (from Indian language to English and vice-versa). Article/ Book/ Film review. 















Semester: II
Course Title: Computer Networks and Security
Semester: II
Credits: 4

Objective:

The aim of this course is to acquaint the students the basics of Data communication and computer networks and concentrates on building a firm foundation for understanding the subject. The paper is based around the OSI Reference Model that deals with the major issues in the bottom three (Physical, Data Link and Network) layers of the model. This paper provides the student with fundamental knowledge of the various aspects of computer networking and enables students to appreciate recent developments in the area.

Course Outline:
Concept of analog and digital signals. Line Coding, unipolar, polar (NRZ-L, NRZ-I, Manchester & Differential Manchester encoding) & bipolar, Block Coding (4B/5B), Scrambling (B8ZS Scrambling), Analog to digital encoding:  Digital to analog Modulation/ encoding: frequency shift keying, amplitude shift keying, phase shift keying, Quadrature amplitude modulation, Analog-to-Analog Conversion: Amplitude Modulation, Frequency Modulation, Phase Modulation. Multiplexing: frequency division, wavelength division, time division Data Link Layer: Pure Aloha, Throughput of pure Aloha, Slotted Aloha, CSMA/CD, Media Access Control in CSMA/CD, MAC Frame Format (IEEE 802.3), Format of Ethernet (DIX) Frame, Error detection & Error correction: types of errors, detection methods: parity check, cyclic redundancy check, checksum: forward error correction, hamming code. 
Computer network, LAN, MAN, WAN, Simplex, Half duplex, Full duplex.                                                                                                                 Transmission media: Network topologies, Wireless n/w: Bluetooth, 802.11a, b, c, n, ac series, comparison of 802.11ac & n. Models: OSI Model, TCP/IP reference Model, Comparison of TCP/IP & OSI model. Network layer, Transport layer: Quality of service, Elements of transport protocol, and Performance problems in computer networks, Application layer:  Basic overview of (FTP, Telnet, HTTP, Email, DNS, World Wide Web, Virtual terminal), goals, and principles of computer security: confidentiality, integrity, availability (CIA triad),Security threats and vulnerabilities: malware, phishing, social engineering, DoS/DDoS attacks, Types of attackers: hackers, crackers, insiders, script kiddies, Security mechanisms: Cryptography, Access Control, Authentication, Security policies and models: Bell-LaPadula, Biba, Clark-Wilson models, Classical Cryptography: Caesar Cipher, Monoalphabetic Cipher, Transposition techniques, Symmetric Key Cryptography: DES, AES, block cipher modes of operation, Asymmetric Key Cryptography: RSA, Diffie-Hellman key exchange, Hash functions: MD5, SHA-family, digital signatures, Key management, public key infrastructure (PKI), Secure Socket Layer (SSL), Transport Layer Security (TLS), HTTPS.				
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Course Title: Database Systems & Advanced SQL
Semester: II
Credits: 4

Objective:
The objective of the course is to present an introduction to database management systems, with an emphasis on how to organize, maintain and retrieve information efficiently and effectively from a DBMS. The course also acquaints students with the fundamental concepts necessary for designing, and implementing database systems. It emphasizes relational database design and the languages and corresponding facilities provided by the relational database management systems.
Course Outline:
Concept, Characteristics of database, Database system Vs file system, Introduction to DBMS, Advantages, Disadvantages of DBMS, Database users. Concept of Database system architectures, schemas and instances, DBMS architecture & data independence, Components of DBMS, Database Languages & Interfaces, Centralized & Client/Server Architectures of DBMSs. Introduction, Concept, Characteristics of SQL, Advantages of SQL, Data definition in SQL, literals, Operators, Specifying Constraints in SQL, Data manipulation in SQL, Views & Queries, Insert, Update & Delete Operations, Creating users, Grant and revoke object privileges. PL/SQL: variable, constants, data types, Pl/SQL block structure, Condition and iterative control statements, Concept of cursors & trigger. Stored Procedures and Functions: Creating, altering, and dropping procedures, Parameter passing and control structures, Triggers. JSON and XML Data Handling: Storing and querying JSON/XML in SQL Using JSON_VALUE(),JSON_QUERY(), FOR XML, Data modeling using ER-Approach (Concept, ER-Notations, Entities, Entity types, Attributes, Attribute types, Relationships Keys concept).
Conventional Data Models & Systems: Network data model concept, Hierarchical model concept. Relational Data Model: Concept, Relational model Constraints (Entity Integrity, Referential Integrity, Key Constraints, Domain Constraints), Codd’s Rules, Relational Algebra (Fundamental Operations), Concept of Functional dependencies (Fully, partial, Transitive), Normalization of relational database, Closure of Attribute Set, Canonical Cover, Norm forms (1NF, 2NF, 3NF, BCNF, 4NF), Join dependencies. Concept, Transaction states, Transaction properties (ACID Test), Serializability, Recoverability. Concurrency Control & Recovery Introduction to Database Security. 

Course Title: Software Engineering & DevOps
Semester: II
Credits: 4
Objective: To provide students with practical and theoretical knowledge of software engineering, covering system design, modelling, quality assurance, and modern DevOps practices, including CI/CD, Docker, Kubernetes, and cloud provisioning, while emphasizing software reliability, security, and project management.
Course Outline:
Introduction to Software Engineering, Software Process Models (Waterfall, Agile, Spiral), System Engineering Principles, Methodology Frameworks, Software lifecycle phases, Evolving role of software in modern systems, Software myths and realities, Analysis Techniques, Requirement Elicitation Methods (Interviews, Surveys), Domain Modeling using UML, Functional vs Non-Functional Requirements, Architectural Design, Architectural Styles (Layered, Microservices), Design Quality Metrics (Cohesion/Coupling), Object-Oriented Design Principles, Interactive Systems Design, Use Case Derivation & Actor-System Modeling, Responsibility Assignment Patterns (GRASP), UI/UX Design Principles, Advanced Modeling, State Diagrams for Event-Driven Systems, Activity Diagrams for Workflow Systems, Design Class Diagram Synthesis, Development & Verification, Implementation Strategies, Software Quality Assurance (SQA),,Testing Techniques (Black/White Box), Reliability & Management, Reliability Models (Markovian, Finite/Infinite), Project Management (Risk, Schedule, Cost), Security Engineering Practice, Evolution from Agile to DevOps, Key tools: Git, Jenkins, Docker, Continuous Integration (CI): Writing Jenkinsfiles (Declarative vs Scripted), Unit testing with JUnit/Pytest, Continuous Deployment (CD): Blue-Green vs Canary deployments, Infrastructure as Code (IaC) basics., Image optimization (slim images), Volume management, Kubernetes Essentials: Helm charts for packaging, Autoscaling (HPA), Cloud DevOps: Terraform for provisioning (AWS EC2, S3), Monitoring with Prometheus/Grafana.

[bookmark: _heading=h.ngdcolimujfu]Course Title: Object Oriented Programming with Java
Semester: II
Credits: 4
Objective: This course on Object-Oriented Programming (OOP) Paradigms aims to equip students with a thorough understanding of OOP principles—encapsulation, inheritance, polymorphism, and abstraction—and their practical implementation in languages like Java, or C++. Students will learn to design modular systems using UML diagrams, apply SOLID principles for maintainable code, and implement design patterns (e.g., Singleton, Factory, Observer) to solve real-world problems. Through hands-on labs and projects, they will develop the ability to refactor procedural code into OOP, evaluate design trade-offs, and build scalable applications, preparing them for software development roles in industry or advanced studies in computer science.
Course Outline:
Overview of Object-Oriented Programming and Java, Java Programming Elements, Input-Output Handling in Java, Encapsulation, Inheritance, Exception Handling
: Multithreaded Programming, Java Applets and Servlets, Java Swing and Abstract Windowing Toolkit (AWT), Networking with Java, Java Object Database Connectivity (ODBC), Interfaces and Packages for Software Development

Semester: III
Course Title: Algorithm Design & Problem-Solving Techniques
Semester: III
Credits: 4
Objectives:
This course enhances students’ ability to design efficient algorithms and tackle complex problems using techniques like divide and conquer, greedy strategies, and dynamic programming. It balances theory and practice to develop skills in performance analysis, understanding computational limits, and applying algorithmic solutions to real-world challenges with precision.
Course Outline:	
Definition and characteristics of algorithms, Analysis framework: Asymptotic notations (Big-O, Big-Theta, Big-Omega), Mathematical analysis of recursive and non-recursive algorithms, Empirical analysis, Master Theorem, Recurrence relations, Iterative methods, Brute Force, Divide and Conquer (e.g., Merge Sort, Quick Sort, Strassen’s Matrix Multiplication), Sorting in Linear Time, Lower bounds for sorting,  Counting sort, Radix sort, Bucket sort,  Decrease and Conquer (Insertion Sort, Binary Search), Transform and Conquer (Gaussian Elimination, Balanced Search Trees), Greedy Methods (Activity Selection, Knapsack, Huffman codes), Dynamic Programming (Longest Common Subsequence, Matrix Chain Multiplication, traveling-salesperson problem), Backtracking (N-Queens, Subset Sum), Branch and Bound Graph Representations: Adjacency Matrix/List, Traversal: BFS, DFS, Shortest Path: Dijkstra, Bellman-Ford, Floyd- Warshall, Minimum Spanning Tree: Kruskal, Prim, Graph coloring, Topological Sort, Network Flow. The naive string-matching algorithm, The Rabin-Karp algorithm, String matching with finite automata, The Knuth-Morris-Pratt algorithm.
Computational Complexity: Non-Deterministic algorithms, The classes: P, NP, NP Complete, NP Hard, Satisfiability problem, NP Complete Problems, Parallel Algorithms, Randomized and approximation algorithms. Algorithmic problem-solving techniques, Real-world case studies and project work, Technical writing and presentation of solutions.
Course Title: Web Technologies & Full Stack Development
Semester: III
Credits: 4
Objective:
This course provides a comprehensive foundation in web technologies, covering front-end and back-end development. Students will learn to design structured web pages using HTML5 and style them with CSS3. JavaScript and its frameworks like AngularJS and NodeJS will be introduced for client-side scripting. XML will be explored for data representation and processing. On the server side, students will work with PHP, Java Servlets, JSP, and databases using MySQL. The course also introduces modern web development frameworks such as Ruby on Rails, enabling students to build full-stack, database-driven web applications. 


Course Outline:
Introduction, HTML tags: types, formatting text, controlling fonts, Tables, adding pictures, adding links, creating forms working with text boxes, radio buttons, check boxes, dropdown menu, submit button setting up frames, creating web pages, Page Navigation in HTML, Introduction to CSS and its types, CSS properties, Levels of Stylesheets and Syntax, Selector Forms and the Box Model, Conflict Resolution and Responsive Design
Introduction, configuring IIS. Deploying a web Application.JavaScript Basics: Objects, Primitives, Control Structures, Arrays, Functions, Constructors, Pattern Matching with Regular Expressions, Introduction to AngularJS and Node  JS, XML Syntax and Structure, DTD, Namespaces, XML Schemas, Document Object Model (DOM), SAX, XML Presentation and Processing, PHP Basics, Form Handling, MySQL Access, Web Servers: XAMPP, LAMP, IIS, Tomcat, Java Web Technologies: Servlets, JSP, Lifecycle, Database Connectivity (Servlets, JSP, PHP), Ruby, Ruby on Rails – Design, Implementation.

Course Title: Data Exploration and Visualization
Semester: III
Credits: 4
Objective:
This course builds core skills in data analysis and visualization using Python/R (Pandas, Matplotlib, Seaborn, ggplot2), Tableau, and Plotly. It covers best practices, interactive dashboards, geospatial mapping, PCA/t-SNE, and ethical data presentation, with hands-on projects using real-world datasets for industry and research readiness. 

Course Outline:
Foundations covers data types, summary statistics, and missing value handling using Pandas/R,Matplotlib, Seaborn, and ggplot2 for bar/line/box plots, Plotly, Bokeh, and Tableau for dashboards with tooltips and linked brushing, heatmaps, network graphs, and geospatial visualizations (Folium) ,scalability (PCA/t-SNE) and ethical pitfalls in data representation
