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B.Tech. — 111 Year | Semester
S.No Category Title L T P [Credits
1 Professional Core Data Warehousing and Data Mining 3 0 0 3
Professional Core Compiler Design 3 0 0 3

3 Professional Core Design and Analysis of Algorithms 3 0 0 3

1. Object Oriented Analysis and

Design
Professional 2. Software Testing Methodologies
4 . 3. Advanced Computer Architecture 3 0 0 3
Elective-I .
4. Computer Graphics
5. 12 week MOOC Swayam/ NPTEL

course recommended by the BoS
1. Data Structures
2.Database Management Systems
5 Open Elective-I 3. Computer Organization 3 0 0 3
4.Scripting Languages
5. Operating Systems

6 Professional Core Data Mining Lab 0 0 3 1.5
7 Professional Core Compiler Design Lab 0 0 3 1.5
8 Skill Enhancement Full Stack development-2 0 1 2 2
course
Endineerin Tinkering Lab/ SWAYAM Plus -
9 gcience g Android Application Development 0 0 2 1
(with Flutter)
10 Evaluation of Community Service Project - - - 2

Total 15 1 10 23
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DATA WAREHOUSING & DATA L|T| P |C
111 Year | Semester MINING

Course Objectives:

Students undergoing this course are expected to:

1. Understand the concepts of Data Ware housing and Data Mining
2. Master data mining techniques in various applications like social,

scientific and environmental context.
3. Develop skill in selecting the appropriate data mining algorithm for solving practical
problems.

Course Outcomes:

After completion of the course, students should be able to:

1. Understand Data Warehouse fundamentals, Data Mining concepts, principles and its
functionalities

2. Preprocess the data using various Data Preprocessing Techniques for mining applications

3. Design and deploy appropriate classification techniques to solve real world problems and further
be able to assess the strengths and weaknesses of various methods and algorithms to analyze their
behavior.

4. Demonstrate Association analysis techniques for generating association rules from data.

5. Use different Clustering techniques to cluster data and Cluster the high dimensional data for
better organization of the data

UNIT -I: Data Mining Systems and Knowledge Discovery Process:

Data Warehouse and OLAP Technology: An Overview- What Is a Data Warehouse. A
Multidimensional Data Model - Need for Online Analytical Processing - OLTP V/s OLAP -OLAP
Operations in Multidimensional Data Model. Data Warehouse Architecture, Data Warehouse
Implementation, From Data Warehousing to Data Mining.

Need and Usage of Data Mining Technologies - Overview of Knowledge Discovery Process from
Databases—What Motivated Data Mining - Why Is It Important - Data Mining Functionalities—What
Kinds of Patterns Can Be Mined? Are All of the Patterns Interesting Classification of Data Mining
Systems, Data Mining Task Primitives, Integration of a Data Mining System with a Database or Data
Warehouse System, Major Issues in Data Mining.

UNIT-I1: Data Pre-processing:

Data Exploration: Data Objects and attribute types -Statistical description of data- Descriptive Data
Summarization-Data Visualization - Data similarity and dissimilarity measures.

Data Pre-processing: Why Pre-process the Data -Data Cleaning-Data Integration-Data Reduction-
Data Transformation and Data Discretization.

UNIT-III: Classification:
Basic issues regarding classification and predication - General Approach to solving a classification
problem- Decision Tree Classification, Attribute Selection Measures, Tree Pruning- Bayesian
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Classification — Rule Based Classification — Support Vector Machines.
Classification Model Evaluation and Selection - Accuracy and Error measures, Holdout, Random

Sampling, Cross Validation, Bootstrap, Comparing Classifier performance using ROC Curves.

UNIT-IV: Mining Frequent Patterns and Association Rules:

Basic Concepts-Problem Definition- Market Basket Analysis- Frequent Itemsets- Closed Itemsets and
Association Rules - Frequent Pattern Mining - Efficient and Scalable Frequent Itemset Mining
Methods- the Apriori Algorithm for finding Frequent Itemsets Using Candidate Generation -
Generating Association Rules from Frequent Itemsets - A pattern growth approach for mining Frequent
Itemsets- FP-Growth Algorithm

UNIT V: Cluster Analysis:

Basics and Importance of Cluster Analysis- Clustering techniques- Different Types of Clusters-
Partitioning Methods (K-Means, K Medoids) -Strengths and Weaknesses. Hierarchical Methods
(Agglomerative, Divisive) - Density-Based Methods (DBSCAN, OPTICS)-

Text Books:
i. Introduction to Data Mining: Pang-Ning Tan & Michael Steinbach, Vipin Kumar,Pearson.
ii. Data Mining concepts and Techniques, 3/e, Jiawei Han, Michel Kamber, Elsevier.

References:

i. Data Mining Techniques and Applications: An Introduction, Hongbo Du, Cengage Learning.
ii. Data Mining :VikramPudi and P. Radha Krishna,Oxford.

iii. Data Mining and Analysis - Fundamental Concepts and Algorithms; Mohammed J.Zaki,
Wagner Meira, Jr, Oxford
iv. Data Warehousing Data Mining & OLAP, Alex Berson, Stephen Smith, TMH.

E-resources:
i. http://onlinecourses.nptel.ac.in/noc18 csl4/preview (NPTEL course by Prof.Pabitra Mitra)
il. http://onlinecourses.nptel.ac.in/noc17_mg24/preview
(NPTEL course by Dr. Nandan Sudarshanam & Dr. Balaraman Ravindran)
iii. http://www.saedsayad.com/data_mining_map.htm
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111 Year | Semester COMPILER DESIGN

Course Objectives:

The objectives of this course is to acquire knowledge on the

1. Design of lexical analyzers, Syntax analyzers, Intermediate code generators
2. Usage of Lex/Bison tools in writing compilers

3. Issues in the code generation, code generation generation algorithms.

Course Outcomes:

The students should be able to:
1. Understand the basics of language processing and implement lexical analyzer for any language.
2. Describe the different types of parsing and implement parser for any language.
3. Explain the different intermediate code representations and use Syntax directed
4. Apply the basics of data flow analysis, optimizations, and run time environment
required for handling recursive procedures.
5. Discuss the issues in the code generation and code generation algorithms.

UNIT - I:
Introduction and Lexical Analysis: Language Processors, the structure of a compiler, the science of

building a compiler, phases of a compiler. Lexical Analysis: The role of the lexical analyzer,
Identifying tokens, Transition diagrams for recognizing tokens, Input buffering, The lexical analyzer
generator Lex, Finite automata, Conversion from regular expressions to automata, design of a lexical
analyzer generator, Optimization of DFA-based pattern matchers.

UNIT - II:
Syntax Analysis: Introduction, Context-Free Grammars, BNF(Backus-Naur Form), EBNF(Extended

Backus-Naur Form). Preprocessing of grammars: left recursion elimination, left factoring. Top-Down
Parsing: Recursive-descent parsers, LL(1) parsers. Bottom-Up parsing: Introduction to LR parsers,
Simple LR, Canonical LR, and Look ahead LR. Extending parsers to handle ambiguous grammars,
Parser generators Yacc/Bison.

UNIT —111:
Syntax-Directed Translation, Semantic Analysis, Intermediate Code Generation

Syntax-Directed Definitions, Evaluation orders for SDD’s, Applications of Syntax-Directed
Translation, Syntax-Directed Translation Schemes, and Implementing L-Attributed SDD’s.

Intermediate code generation: Variants of Syntax trees, Three-address code, Types and declarations,
Type checking, Control flow, Back patching, Switch-Statements, Intermediate Code for Procedures.

UNIT - IV:
Code Optimization, Run-time Environment

Run-Time Environments: Storage organization, Activation record, Stack allocation, Access to
nonlocal data on the stack, Heap management, Introduction to garbage collection, Introduction to
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trace-based collection. Machine-Independent optimizations: The principal sources of optimization,
Basic blocks and flow graphs, Introduction to data-flow analysis, Foundations of data-flow analysis,
Constant propagation.

UNIT - V: Target Code Generation

Code Generation: Issues in the design of a Code Generator, The target language, Addresses in the target
code, A simple code generator.

Machine-dependent Optimizations: Peephole optimization, Register allocation and assignment,
Dynamic Programming code generation.

Text Books:

I. Compilers: Principles, Techniques and Tools, Second Edition, Alfred V. Aho, MonicaS. Lam,
Ravi Sethi, Jeffry D. Ullman,Pearson.

ii. Compiler Construction-Principles and Practice, Kenneth C Louden, Cengage Learning.

Reference Books:

i. Modern Compiler Implementation in C, Andrew W Appel, Revised edition, Cambridge University
Press.

ii. The Theory and Practice of Compiler writing, J. P. Tremblay and P. G. Sorenson,TMH
iii. lex & yacc, 2nd Edition by John Levine, Doug Brown, Tony Mason

E-resources:
i. https://www.edx.org/course/compilers
ii. https://nptel.ac.in/courses/106/108/106108113/
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DESIGN AND ANALYSIS OF L| T|P]|C
ALGORITHMS 3 10|03

111 Year | Semester

Course Objectives:

The objectives of this course is to acquire knowledge on the
1. Analyze the asymptotic performance of algorithms
2. Write rigorous correctness proofs for algorithms
3. Demonstrate a familiarity with major algorithms and data structures

Course Outcomes: The students should be able to:

1. Measure the performance and calculate the Time & Space complexities of algorithms.

2. Design effective algorithms based on strategies like Decrease and Conquer, Divide and
Conquer Transform and Conquer,

3. Develop efficient algorithms using Greedy method.

4. Discuss various problems suitable to Dynamic programming.

5. Find an optimal solution by applying different Backtracking and Branch & Bound
technique.

UNIT - I:

Introduction: What is an Algorithm, Algorithm Specification, Pseudo code Conventions Recursive
Algorithm, Performance Analysis, Space Complexity, Time Complexity, Amortized Complexity,
Amortized Complexity, Asymptotic Notation, Practical Complexities' Performance Measurement.

UNIT - II:

Decrease-and-Conquer: Insertion Sort Algorithms for Generating Combinatorial Objects Decrease-
by-a-Constant-Factor Algorithms Variable-Size-Decrease Algorithms

Divide and Conquer: Merge Sort, Quick Sort, Multiplication of Large Integers and Strassen’s
Matrix Multiplication

Transform and conquer: Pre-sorting Balanced Search Trees, Heaps and Heap sort

UNIT - 11I:

The Greedy Method: The General Method, Knapsack Problem, Job Sequencing with Deadlines
Minimum-cost Spanning Trees, Prim's Algorithm, Kruskal's Algorithms, An Optimal Randomized
Algorithm, Optimal Merge Patterns, Single Source Shortest Paths.

UNIT - IV:
Dynamic Programming: The General Method Multistage graph ,All - Pairs Shortest Paths, , String
Edition, 0/1 Knapsack, Reliability Design, optimal binary search trees.

UNIT - V:

Backtracking: The General Method, The S-Queens Problem, Sum of Subsets, Graph Coloring
Hamiltonian Cycles

Branch and Bound: The Method, Least cost (LC) Search, The 15-Puzzle: an Example, Control
Abstraction for LC-Search, Bounding, FIFO Branch-and-Bound, LC Branch and Bound, 0/1
Knapsack problem, LC Branch-and Bound Solution, FIFO Branch-and-Bound Solution, Traveling
Salesperson problem.

Text Books:
I. Fundamentals of computer algorithms E. Horowitz S. Sahni, UniversityPress
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ii. Introduction to the design and analysis of Algorithms Anany Levitin pearson ,3™

edition

iii.Introduction to Algorithms Thomas H Cormen PHILearning

Reference Books:

The Design and Analysis of Computer Algorithms,AlfredV AhoJohnE
Hopcroft Jeffrey DUlIman
Algorithm Design, Jon Kleinberg,Pearson

Algorithms, by Dasgupta, Papadimitrou and Vazirani, McGraw-Hill Education, 2006.
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OBJECT ORIENTED ANALYSIS AND L|T| P |C
111 Year | Semester DESIGN
(PROFESSIONAL ELECTIVE-I)

Course Objectives: The main objective is the students to
1. Become familiar with all phases of OOAD.
2. Master the main features of the UML.
3. Master the main concepts of Object Technologies and how to apply them at work and
develop the ability to analyze and solve challenging problem in various domains.

Course Outcomes: The students should be able to:

1. Select the basic elements of modeling such as Things, Relationships and Diagrams
depending on the views of UML Architecture and SDLC.

Apply basic and Advanced Structural Modeling Concepts for designing real time
applications.

Design Class and Object Diagrams that represent Static Aspects of a Software System.

Analyze Dynamic Aspects of a Software System using Use Case, Interaction and Activity
Diagrams.

Apply techniques of State Chart Diagrams and Implementation Diagrams to model
behavioral aspects and Runtime environment of Software Systems.

no

> w
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UNIT I:

Introduction: The Structure of Complex systems, The Inherent Complexity of Software, Attributes
of Complex System, Organized and Disorganized Complexity, Bringing Order to Chaos, Designing
Complex Systems. Case Study: System Architecture: Satellite-Based Navigation

UNIT II:

Introduction to UML.: Importance of modeling, principles of modeling, object oriented modeling,
conceptual model of the UML, Architecture, and Software Development Life Cycle. Basic
Structural Modeling: Classes, Relationships, common Mechanisms, and diagrams. Case Study:
Control System: Traffic Management.

UNIT H1:

Class & Object Diagrams: Terms, concepts, modeling techniques for Class & Object Diagrams.
Advanced Structural Modeling: Advanced classes, advanced relationships, Interfaces, Types and
Roles, Packages. Case Study: Al: Cryptanalysis.

UNIT IV:
Basic Behavioral Modeling-I: Interactions, Interaction diagrams Use cases, Use case Diagrams,
Activity Diagrams. Case Study: Web Application: Vacation Tracking System

11
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UNIT V:

Advanced Behavioral Modeling: Events and signals, state machines, processes and Threads, time
and space, state chart diagrams. Architectural Modeling: Component, Deployment, Component
diagrams and Deployment diagrams. Case Study: Weather Forecasting

Text Books:
I.  Grady BOOCH, Robert A. Maksimchuk, Michael W. ENGLE, Bobbi J. Young, Jim Conallen,
Kellia Houston , “Object- Oriented Analysis and Design with Applications”, 3rd edition,
2013, PEARSON.
ii.  Grady Booch, James Rumbaugh, lvar Jacobson: The Unified Modeling Language User Guide,
Pearson Education.

Reference Books:
i.  Meilir Page-Jones: Fundamentals of Object Oriented Design in UML, Pearson Education.

ii.  Pascal Roques: Modeling Software Systems Using UML2, WILEY - Dreamtech India Pvt.
Ltd.

iii.  AtulKahate: Object Oriented Analysis & Design, The McGraw-Hill Companies.

iv.  Appling UML and Patterns: An introduction to Object — Oriented Analysis and Design and
Unified Process, Craig Larman, Pearson Education.

12
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SOFTWARE TESTING L|T| P |C
111 Year | Semester METHODOLOGIES 3 0 0
(PROFESSIONAL ELECTIVE-I)

Course Objectives:

The objectives of this course is to acquire knowledge on the
1. Describe the principles and procedures for designing test cases.
2. Provide supports to debugging methods.
3. Acts as the reference for software testing techniques and strategies.

Course Outcomes:
The students should be able to:
1. Define Software testing terminology and methodology

2. Discuss and Classify various testing techniques for conducting different types of
software testing
3. Apply different software testing techniques.

4. Construct test cases by understanding test suite management and software quality
management.

5. Demonstrate modern software testing tools and testing of Object Oriented
Software and Web based software.

UNIT-I:

Introduction: Purpose of Testing, Dichotomies, Model for Testing, Consequences of Bugs,
Taxonomy of Bugs. FLOW GRAPHS AND PATH TESTING: Basics Concepts of Path Testing,
Predicates, Path Predicates and Achievable Paths, Path Sensitizing, Path Instrumentation,
Application of Path Testing.

UNIT-11:

Transaction Flows Testing: Transaction Flows, Transaction Flow Testing Techniques.
Dataflow Testing: Basics of Dataflow Testing, Strategies in Dataflow Testing, Application of
Dataflow Testing.

Domain Testing: Domains and Paths, Nice & Ugly Domains, Domain testing, Domains and
Interfaces Testing, Domain and Interface Testing, Domains andTestability.

UNIT-11I:
Paths, Path Products and Regular Expressions:

Path Products & Path Expression, Reduction Procedure, Applications, Regular Expressions &
Flow Anomaly Detection.

Syntax Testing: Why, What and How, A Grammar for formats, Test Case Generation,
Implementation and Application and Testability Tips.

Based Testing: Overview, Decision Tables, Path Expressions, KV Charts, and
Specifications.

13
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UNIT-1V:

State, State Graphs And Transition Testing: State Graphs, Good & Bad State Graphs, State
Testing, and Testability Tips.

Graph Matrices and Application:

Motivational overview, matrix of graph, relations, power of a matrix, node reduction algorithm.

UNIT-V:

Software Testing Tools: Introduction to Testing, Automated Testing, Concepts of Test
Automation, Introduction to list of tools like Winrunner, LoadRunner, Jmeter, Selenium About Win
Runner Using Win runner, Mapping the GUI, Recording Test, Working with Test, Enhancing Test,
Checkpoints, Test Script Language, Putting it all together, Running and Debugging Tests,
Analyzing Results, Batch Tests, Rapid Test Script Wizard.

Text Books:

i.  Software testing techniques — Boris Beizer, Dreamtech, second edition.
ii.  Software Testing- Yogesh Singh,Cambridge

Reference Books:
i.  The Craft of software testing - Brian Marick, PearsonEducation.
ii.  Software Testing, 3rd edition, P.C. Jorgensen, Aurbach Publications (Dist.bySPD).
iii.  Software Testing, N.Chauhan, Oxford UniversityPress.
iv.  Introduction to Software Testing, P.Ammann&J.Offutt, CambridgeUniv.Press.
v.  Effective methods of Software Testing, Perry, John Wiley, 2nd Edition,1999.
vi.  Software Testing Concepts and Tools, P.NageswaraRao, dreamtechPress
vii.  Win Runner in simple steps by Hakeem Shittu, Genixpress,2007.
viii.  Foundations of Software Testing, D.Graham& Others, Cengage Learning.

14
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ADVANCED COMPUTER L, T]|P

111 Year | Semester ARCHITECTURE
(PROFESSIONAL ELECTIVE-I)

Course Objectives:

1. Understand fundamentals of computer design

2. Understand instruction level parallelism

3. Understand memory hierarchy in computer systems

Course Outcomes : After the completion of the course, student will be able to

1: Describe fundamentals concepts of computer design

2: Explain different types of Parallelisms in Computer Architectures.

3. Design memory hierarchy methods

4: Explain the Thread level parallelism

5: Explain the different types of Storage systems and bench marking the storage device.
UNIT I

Introduction: Fundamentals of Computer design- Technology trends- cost- measuring and
reporting performance quantitative principles of computer design. Instruction level parallelism
(ILP) - over coming data hazards- reducing branch costs —high performance instruction
delivery- hardware based speculation- limitation of ILP

UNIT Il

ILP software approach - compiler techniques- static branch protection - VLIW approach -
H.W support for more ILP at compile time- H.W verses S.W Solutions

UNIT I

Memory hierarchy design- cache performance- reducing cache misses penalty and miss rate
— virtual memory- protection and examples of VM.

UNIT IV

Multiprocessors and thread level parallelism- symmetric shared memory
architecturesdistributed shared memory- Synchronization- multi threading.

15
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UNIT V

Storage systems- Types — Buses - RAID- errors and failures- bench marking a storage device-
designing a 1/0 system.

TEXT BOOK(S)

I. Computer Architecture and parallel Processing, Kai Hwang and A.Briggs International
Edition McGraw-Hill.

REFERENCES BOOK(S)

i. Computer Architecture A quantitative approach 3rd edition John L. Hennessy & David A.
Patterson Morgan Kufmann (An Imprint of Elsevier)

1. Advanced Computer Architectures, Dezso Sima, Terence Fountain, Peter Kacsuk, Pearson.

iii. Parallel Computer Architecture, A Hardware / Software Approach, David E. Culler,
Jaswinder Pal singh with Anoop Gupta, Elsevier

E-Resources:
i. https://nptel.ac.in/courses/106/105/106105163/

16
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111 Year | Semester COMPUTER GRAPHICS

Course Objectives:

1. Tointroduce fundamental concepts and theory of computer graphics.
2. To develop, design and implement two and three dimensional graphical structures
3. To learn Creation, Management and Transmission of Multimedia objects.

Course Outcomes:
After the completion of the course, student will be able to:
1. Develop various 2D output primitives like lines, circles, polygons.
2. Generate 3D representations by using various projection transformations.
3. Hlustrate various illumination and shading models.
4. Apply OPENGL graphic software and rendering techniques for 3D object
representations.
5. Create images using fractals and iterated functions

UNIT-I:

Introduction to Graphics: Application areas of Computer Graphics, overview of graphics systems,
video-display devices, graphics monitors and work stations and input devices.

2D Primitives: Output primitives-Line, Circle and Ellipse drawing algorithms, Attributes of output
primitives, Two dimensional Geometric transformations, Two dimensional viewing Line, Polygon,
Curve and Text clipping algorithms.

UNIT-II:

3D Concepts: Parallel and Perspective projections - Three dimensional object representations —
Polygons, Curved lines, Splines, Quadric Surfaces, - Visualization of data sets - 3D transformations
— Viewing -Visible surface identification.

UNIT-111:
Illumination and Shading: Background, simple lighting model, shading models, intensity
representation, color models, texture synthesis

UNIT-IV:
Graphics Hardware and Software: Graphics programming using OPENGL-Basic graphics
primitives, Drawing three dimensional objects, Drawing three dimensional scenes.

Rendering: Introduction to shading models, Flat and Smooth shading, Adding texture to faces,
Adding shadows of objects, Building a camera in a program, Creating shaded objects.

UNIT V:

Fractals: Fractals and Self similarity, Peano curves, Creating image by iterated functions,
Mandelbrot sets, Julia Sets, Random Fractals

Overview of Ray Tracing: Intersecting rays with other primitives, Adding Surface texture,
Reflections and Transparency, Boolean operations on Objects.

17
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Text Books:
i. Donald Hearn, Pauline Baker, Computer Graphics — C Version, Pearson Education.
ii. F.S. Hill, Computer Graphics using OPENGL, Pearson Education.

Reference Books:

i. James D. Foley, Andries Van Dam, Steven K. Feiner, John F. Hughes, Computer
Graphics Principles and practice in C, Pearson Education.

18
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DATA STRUCTURES L|T|P]|C
(OPEN ELECTIVE-I)

111 Year | Semester

w
o
o
w

Course Objectives:

1. To teach efficient storage mechanisms of data for an easy access.
2. To develop application using data structures.
3. To improve the logical ability

Course Outcomes: On completion of this course, the student will be able to:
1. Compare the performances of various Searching and Sorting techniques in terms of time and
space complexities.
2. lllustrate the applications of Stacks.
3. Implement various types of Queues and their efficient operations.
4. Demonstrate the advantages of dynamic memory allocation via linked lists.
5. Implement the basic operations, search and traversals on Trees.

UNIT-I
Time and space complexity, Data Structures — Introduction to Data Structures, abstract data types,
Searching and Sorting — Sorting- selection sort, bubble sort, insertion sort, quick sort,merge sort, shell
sort, radix sort, Searching-linear and binary search methods, comparison of sorting and searching
methods.

UNIT -1
Stacks-Operations, array and linked representations of stacks, stack applications -infix to postfix
conversion, postfix expression evaluation, recursion implementation.

UNIT-I1
Queues-operations, array, and linked representations. Circular Queue operations, Dequeues, applications
of queues.

UNIT-IV

Linear list —singly linked list implementation, insertion, deletion and searching operations on linear list,
circular linked list implementation, Double linked list implementation, insertion, deletion and searching
operations. Applications of linked lists.

UNIT-V
Trees — Definitions, tree representation, properties of trees, Binary tree, Binary tree representation, binary
tree properties, binary tree traversals, binary tree implementation, applications of trees.

Text Books:
1Fundamentals of Data structures in C, 2nd Edition, E.Horowitz, S.Sahniand Susan Anderson-Freed,
19
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Universities Press.
2 Data structures A Programming Approach with C, D.S.Kushwaha and A.K.Misra, PHI.

References:
1. Data structures: A Pseudocode Approach with C, 2nd edition,

2. R.F.GilbergAndB.A.Forouzan, Cengagelearning.

3. Data structures and Algorithm Analysis in C, 2nd edition, M.A.Weiss, Pearson.

4. Data Structures using C, A.M.Tanenbaum,Y. Langsam, M.J.Augenstein, Pearson.

5. Data structures and Program Design in C, 2nd edition, R.Kruse, C.L.TondoandB.Leung,Pearson
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DATA BASE MANAGEMENT SYSTEMS | L | T | P | C

11 Year | Semester (OPEN ELECTIVE-I) 31003

Course Objectives:

1. Train in the fundamental concepts of database management systems, database modeling and
design, SQL, PL/SQL, and System implementation techniques.

2. Enable students to model ER diagram for any customized applications.

3. To learn the principles of systematically designing and using large scale Database Management
Systems for various applications.

Course Outcomes:

Understand the usage of Key Constraints on Database.

Describe ER model and normalization for database design.

Create, maintain, and manipulate a relational database using SQL.

Understand efficient data storage and retrieval mechanism, recovery techniques.
Design and build database system for a given real world problem.

o > w NP

UNIT-I:

An Overview of Database Management: Introduction- Importance of Database System, Data
Independence- Relation Systems and Others- Summary, Database system architecture, Introduction- The
Three Levels of Architecture-The External Level- the Conceptual Level- the Internal Level- Mapping- the
Database Administrator-The Database Management Systems- Client/Server Architecture.

UNIT-II:

The E/R Models: The Relational Model, Relational Calculus, Introduction to Database Design, Database
Design and ER Diagrams-Entities Attributes, Entity Sets-Relationship and Relationship Sets-Conceptual
Design with the ER Models.

The Relational Model: Integrity Constraints Over Relations- Key Constraints —Foreign Key Constraints-
General Constraints, Relational Algebra and Calculus, Relational Algebra- Selection and Projection- Set
Operation, Renaming — Joins- Division- More Examples of Queries, Relational Calculus - Tuple Relational
Calculus, Domain Relational Calculus.

UNIT-III:
Queries, Constraints, Triggers: The Form of Basic SQL Query, Union, Intersect, and Except, Nested
Queries, Aggregate Operators, Null Values, Complex Integrity Constraints in SQL, Triggers and Active
Database.
Schema Refinement (Normalization) :Purpose of Normalization or Schema Refinement, Concept of
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Functional Dependency, Normal Forms Based on Functional Dependency(1NF, 2NF and3 NF), Concept of
Surrogate Key, Boyce-Codd Normal Form(BCNF), Lossless Join and Dependency Preserving
Decomposition, Fourth Normal Form(4NF).

UNIT-1V:
Transaction Management and Concurrency Control:

Transaction, Properties of Transactions, Transaction Log, Transaction Management with SQL using
Commit Rollback and Save Point, Concurrency Control for Lost Updates, Uncommitted Data, Inconsistent
Retrievals, and the Scheduler.

Concurrency Control with Locking Methods: Lock Granularity, Lock Types, Two Phase Locking For
Ensuring Serializability, Deadlocks, Concurrency Control with Time Stamp Ordering: Wait/Die and
Wound/Wait Schemes, Database Recovery Management : Transaction Recovery.

UNIT-V:

Overview of Storages and Indexing: Data on External Storage- File Organization and Indexing — Clustered
Indexing — Primary and Secondary Indexes, Index Data Structures, Hash-Based

Indexing — Tree- Based Indexing, Comparison of File Organization.

Text Books:
1. Introduction to Database Systems, CJ Date, Pearson.

2. Data base Management Systems, Raghurama Krishnan, Johannes Gehrke, TATAMcGraw Hill
3rd Edition.

References Books:
1. Data base Systems design, Implementation, and Management, Peter Rob & Carlos Coronel7th
Edition.
2. Fundamentals of Database Systems, EImasriNavrate Pearson Education.
. Database Systems - The Complete Book, H G Molina, J D Ullman, J WidomPearson.
4. Data base System Concepts,5/e, Silberschatz, Korth, TMH.
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COMPUTER ORGANIZATION L|T|P]|C

11 Year | Semester (OPEN ELECTIVE-I) 31003

Course Objectives:

1. Gives a view of computer system from user’s perspective, representation of data.

2. Understand the architecture of a modern computer with its various processing units.
Also the Performance measurement of the computer system.

3. lllustration of data paths and control flow for sequencing in CPUs, Microprogramming
of control unit of CPU.

Course Outcomes:

1. Understand the architecture of modern computer.

2. Able to calculate the effective address of an operand by addressing modes.

3. Apply different instruction types.

4. Determine the importance of memory management system of computer.

5. Design the roles and functions of processing unit and micro programmed control.

UNIT -I:

Basic Structure of Computers: Functional unit, Basic Operational concepts, Bus structures, System
Software, Performance, The history of computer development.
Data Representation: Data types, Complements, Fixed Point Representation, Floating— Point

Representation, Other Binary Codes, Error Detection codes.

UNIT -I1I:
Machine Instruction and Programs:

Instruction and Instruction Sequencing: Register Transfer Notation, Assembly Language Notation, Basic
Instruction Types, Addressing Modes, Basic Input/output Operations, The role of Stacks and Queues in
computer programming equation. Component of Instructions: Logic Instructions, shift and Rotate
Instructions.

UNIT -I11:

Type of Instructions: Arithmetic and Logic Instructions, Branch Instructions, Addressing Modes,
Input/output Operations.

Input/output Organization: Accessing 1/0O Devices, Interrupts: Interrupt Hardware, Enabling and
Disabling Interrupts, Handling Multiple Devices, Direct Memory Access, Buses: Synchronous Bus,
Asynchronous Bus, Interface Circuits, Standard 1/0 Interface: Peripheral Component Interconnect (PCI)
Bus, Universal Serial Bus (USB).

UNIT -1V:

The Memory Systems: Basic memory circuits, Memory System Consideration, Read-Only Memory:
ROM, PROM, EPROM, EEPROM, Flash Memory, Cache Memories: Mapping Functions,

INTERLEAVING
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Secondary Storage: Magnetic Hard Disks, Optical Disks.

UNIT -V:

Processing Unit: Fundamental Concepts: Register Transfers, Performing an Arithmetic or Logic
Operation, Fetching a Word from Memory, Execution of Complete Instruction, Hardwired Control,
Micro programmed Control: Microinstructions, Micro program Sequencing, Wide Branch Addressing
Microinstructions with next — Address Field.

Text Books:
i.  Computer Organization, Carl Hamacher, Zvonks Vranesic, Safea Zaky, 5th
Edition, McGraw Hill.

i. Computer Architecture and Organization, John P. Hayes, 4tEdition
McGrawHill.

Reference Books:
i. Computer Organization and Architecture — William Stallings Sixth Edition, Pearson/PHI.
ii. Structured Computer  Organization—AndrewS.Tanenbaum,4th Edition PHI/Pearson.
iii. Fundamentals or Computer Organization and Design, - Sivaraama Dandamudi Springer Int.Edition.
iv. “Computer Organization and Design: The Hardware/Software Interface” by David A. Patterson and
John L.Hennessy.
vi. J.P. Hayes, "Computer Architecture and Organization”, McGraw-Hill,1998.

E-Resources:
i https://nptel.ac.in/courses/106/106/106106092/
ii. https://nptel.ac.in/courses/106/105/106105163/
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SCRIPTING LANGUAGES L T|P|C

1 Year | Semester (OPEN ELECTIVE-I) 310|013

Course Objectives:

1. Introduces scripting languages such as Perl, Ruby, PHP and TCL.
2. Design, code, and test applications using scripting languages.
3. An ability to create PHP scripts to store and manipulate user data.

Course Outcomes:
1. Acquire programming skills in RUBY scripting language.
Ability to create and run scripts using PERL.
To gain some fluency programming in Perl and PHP and related languages.
To improve knowledge of advanced concepts in PHP.
Gain knowledge of the strengths and weakness of Perl, TCL and Ruby; and
select an appropriate language for solving a given problem.

gk~ own

UNIT-I:

Introduction: Ruby, Rails, the structure and Execution of Ruby Programs, Package Management with
RUBYGEMS.

Ruby and Web: Writing CGI scripts, cookies, Choice of Web servers, SOAP and web services

Ruby Tk: Simple Tk Application, widgets, Binding events, Canvas, scrolling

UNIT-II:
Introduction to PERL and Scripting:

Scripts and Programs, Origin of Scripting , Scripting Today, Characteristics of Scripting Languages, Uses
for Scripting Languages, Web Scripting, and the universe of Scripting Languages. PERL- Names and
Values, Variables, Scalar Expressions, Control Structures, arrays, list, hashes, strings, pattern and regular
expressions, subroutines.

UNIT-III:
Advanced PERL:

Finer points of looping, pack and unpack, file system, eval, data structures, packages, modules, objects,
interfacing to the operating system, Creating Internet ware applications, Dirty Hands Internet
Programming, security Issues.

PHP Basics : PHP Basics- Features, Embedding PHP Code in your Web pages, Outputting the data to the
browser, Data types, Variables, Constants, expressions, string interpolation, control structures, Function,
Creating a Function, Function Libraries, Arrays, strings and Regular Expressions.

UNIT-1V:

Advanced PHP Programming: PHP and Web Forms, Files, PHP Authentication and Methodologies -
Hard Coded, File Based, Database Based, IP Based, Login Administration, Uploading Files with PHP,
Sending Email using PHP, PHP Encryption Functions, the Mcrypt package and Building Web sites for the
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World.

UNIT -V:

TCL: Structure, syntax, Variables and Data in TCL, Control Flow, Data Structures, input/output,
procedures , strings , patterns, files, Advance TCL, eval, source, exec and uplevel commands, Name
spaces, trapping errors, event driven programs, making applications internet aware, Nuts and Bolts Internet
Programming, Security Issues, Clnterface.

Tk: Visual Tool Kits, Fundamental Concepts of Tk, Tk by example, Events and Binding, Perl-

Tk.

Text Books:
i.  The World of Scripting Languages, David Barron, Wiley Publications.
ii. Ruby Programming language by David Flanagan and Yukihiro Matsumoto O’Reilly
iii. Beginning PHP and MySQL, 3rd Edition, Jason Gilmore, Apress
Publications(Dream tech)

Reference Books:

i.  Open Source Web Development with LAMP using Linux, Apache, MySQL, Perl and
PHP, J.Lee and B.Ware (Addison Wesley) Pearson Education.

i. —Perl by Example, E.Quigley, Pearson Education.

iil. PHP 6 Fast and Easy Web Development, Julie Meloni and Matt Telles, Cengage Learning
Publications.
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OPERATING SYSTEMS L| T|P|C
(OPEN ELECTIVE-I) 3101|073

111 Year | Semester

Course Objectives:

1. Provide knowledge about the services rendered by operating systems.

2. Present detail discussion on processes, threads and scheduling algorithms.

3. Discuss various file-system implementation issues and memory management techniques.
Course Outcomes:

Understand the importance of operating systems and different types of system calls.
Analyze the communication between processes and various process scheduling algorithms.
Understand the process synchronization, different ways for deadlocks handling.

Analyze various memory mapping techniques and different page replacement methods.
Evaluate various file allocation and disk scheduling algorithms.
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UNIT-I: Operating Systems Overview:
Introduction: what is an operating system, Types of operating systems, operating systems concepts,
operating systems services, Introduction to System call, System call types, Operating System Generation.

UNIT-II: Process Management:

Process concept: Process Concept, Process Scheduling, Operations on Processes, Inter process
Communication.

Multithreaded Programming: Overview, Multithreading models, Threading Issues.

Process scheduling: Basic Concepts, Scheduling Criteria, Scheduling Algorithms.

UNIT-I11: Synchronization:

Process Synchronization: The Critical-Section Problem, Synchronization Hardware, Semaphores,
Classic Problems of Synchronization, Monitors, Synchronization examples.

Principles of deadlock — System Model, Deadlock Characterization, Deadlock Prevention, Detection and
Avoidance, Recovery from Deadlock.

UNIT-1V: Memory Management:

Memory Management strategies: Swapping, Contiguous Memory Allocation, Segmentation, Paging,
Structure of the Page Table.

Virtual Memory Management: Virtual Memory, Demand Paging, Page-Replacement Algorithms,

Thrashing.

UNIT-V: File system Interface- The concept of a file, Access Methods, Directory and Disk structure,
File system mounting.

File System implementation: File system structure, allocation methods, free-space management.
Mass-storage structure: Overview of Mass-storage structure, Disk scheduling, Device drivers.
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Text Books:
1. Silberschatz A, Galvin P B, and Gagne G, Operating System Concepts, 9th edition, Wiley, 2013.
2. Tanenbaum A S, Modern Operating Systems, 3rd edition, Pearson Education, 2008.
(forInterprocess Communication and File systems).
References:
i. Tanenbaum A S, Woodhull A S, Operating Systems Design and Implementation, 3rd edition,
PHI, 2006.
ii. Dhamdhere D M, Operating Systems A Concept Based Approach, 3rd edition, Tata McGraw-
Hill, 2012.
iii. Stallings W, Operating Systems -Internals and Design Principles, 6th edition, Pearson Education,
2009.
iv. Nutt G, Operating Systems, 3rd edition, Pearson Education, 2004.
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111 Year | Semester DATA MINING LAB

Course Objectives:

1. Practical exposure on implementation of well known data mining tasks and their effective
use in discovering interesting hidden patterns from large datasets.

Exposure to real time data sets for analysis and prediction.

Focus is on the main process of data mining such as data preparation, classification,
clustering, association analysis, and pattern evaluation

Software Requirements: WEKA Tool and R Programming/Python Programming
Course Outcomes: After undergoing the course students will be able to:

1. Create summary statistics for the given datasets.

2. Analyze various datasets and perform Data Pre-processing.

3. Apply various data mining algorithms on the give data set to select the appropriate one.
4. Develop skills and apply data mining tools for solving practical problems.

5. Handling a small data mining project for a given practical domain.

LIST OF EXPERIMENTS:

1. Study of WEKA tool and applying data mining techniques on following data sets in ARFF or
CSV file Format.

2. Implementation / Usage of WEKA for classification of datasets such as customer’s data,

weather forecasting data, agricultural data etc.

Experiment to summarize and visualization of various datasets.

Experiment to demonstrate various data pre-processing techniques

Experiment to select prominent feature subsets of various datasets.

Experiment to Evaluate Information Gain of an attribute in the student database
Demonstration of classification rule process using j48 decision tree algorithm
Demonstration of classification rule process using 1D3 decision tree algorithm

. Experiment to predict the class using the Bayesian classification

10. Experiment to predict the class using the k-Nearest Neighbor classification

11. Experiment to implement weight & bias updating using the Back propagation Neural
Network
12. Demonstration of clustering process using k-means algorithm

13. Demonstration of mining frequent patterns using Apriori algorithm
14. Demonstration of mining frequent patterns using FP-Growth algorithm

15. Experiment to compare the performance of various data mining algorithms on the give
database.
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111 Year | Semester COMPILER DESIGN LAB

Course Objectives:

The objectives of this course is to acquire knowledge on the
1. Implementation of a compiler for a basic language
2.Lex/Yacc specifications for designing frontend of a compiler

3. Generate MIPS instruction set
Course Outcomes:

The students should be able to:
1. Understand the different phases of compilation and the working of compilers like gcc, clang etc
2. Implement lexical analyzer for any language
3. Implement parser for any language
4. Implement 3-address code generator for simple programming constructs
5. Implement MIPS code generator by considering simple programming constructs
List of experiments

1. Check the ouput of different compilers gcc, g++, clang, clang++, javac, python etc by
running respective language programs with different flags. (purpose to understand
preprocessor, optimizations, linker)

2. The Language called TinyCStr is described as follows

a) Every TinyCStr program has one or more functions and syntax of function declaration
and function definition is similar to C, one function function must be main.
b) Every TinyCStr function has zero or statements

c) The possible statements are declaration, assignment, conditional
statements (if,else, for, while) except switch.
d) TinyCStr supports primitive data types of C and a string datatype

I. Implement a lexical analyser for TinyCStr usingflex/lex
ii. Implement a parser for TinyCStr using bison/yacc and generate AST(Abstract Syntax Tree)
iii. Generate a 3-address code from theAST
iv.Generate MIPS instructions from 3-address code and run it on SPIM simulator
3. Write a program illustrating code optimization techniques:

1) Constant folding ii) Copy propagation iii) Common sub expression elimination
iv)Loop unrolling  v) Dead code elimination

Text Books:
i. flex & bison by John Levine Released August 2009 Publisher(s): O'Reilly Media, Inc.

ii. Compilers: Principles, Techniques and Tools, Second Edition, Alfred V. Aho,
Monica S. Lam, Ravi Sethi, Jeffry D. Ullman,Pearson.
Reference Books:

i. LLVM Cookbook, Mayur pandey

E-resources:
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i. https://llvm.org/
ii. https://gcc.gnu.org/
iii. https://mww.dsi.unive.it/~gasparetto/materials/MIPS Instruction Set.pdf
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FULL STACK DEVELOPMENT -2 L T|P]|C

HIYear I Semester | (si1LL ENHANCEMENT COURSE)
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Course Objectives:
The main objectives of the course are to
1. Make use of router, template engine and authentication using sessions to develop application in
ExpressJS.
2. Build a single page application using RESTful APIs in ExpressJS
3. Apply router and hooksin designing ReactJS application

Course Outcomes:
After completion of the course, the students will be able to:
1. Apply core concepts of ExpressJS to build web applications

2. Design and develop web applications using ExpressJS by connecting to MongoDB with
Mongoose

3. Creating reusable components using both function-based and class-based approaches.

Implement dynamic user interfaces in ReactJS

5. Install and configure MongoDB (including Atlas) and perform essential database operations

&

Experiments covering the Topics:

1. ExpressJS — Routing, HTTP Methods, Middleware, Templating, Form Data

2. ExpressJS — Cookies, Sessions, Authentication, Database, RESTful APIs

3. React)S — Render HTML, JSX, Components — function & Class, Props and States, Styles,
Respond to Events

4. ReactJS — Conditional Rendering, Rendering Lists, React Forms, React Router, Updating the
Screen

5. ReactJS — Hooks, Sharing data between Components, Applications — To-do list and Quiz

6. MongoDB - Installation, Configuration, CRUD operations, Databases, Collections and
Records

Sample Experiments:

1. ExpressJS — Routing, HTTP Methods, Middleware.
a. Write a program to define a route, Handling Routes, Route Parameters, Query Parameters and
URL building.
b. Write a program to accept data, retrieve data and delete a specified resource using http methods.
c. Write a program to show the working of middleware.

2. ExpressJS — Templating, Form Data

a.Write a program using templating engine.
b.Write a program to work with form data.
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3. ExpressJS — Cookies, Sessions, Authentication

Write a program for session management using cookies and sessions.

. Write a program for user authentication.

4. ExpressJS — Database, RESTful APIs
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Write a program to connect MongoDB database using Mangoose and perform CRUD operations.

. Write a program to develop a single page application using RESTful APIs.

. ReactJS — Render HTML, JSX, Components — function & Class

Write a program to render HTML to a web page.

. Write a program for writing markup with JSX.

Write a program for creating and nesting components (function and class).

. ReactJS — Props and States, Styles, Respond to Events

Write a program to work with props and states.

. Write a program to add styles (CSS & Sass Styling) and display data.

Write a program for responding to events.

. ReactJS — Conditional Rendering, Rendering Lists, React Forms

Write a program for conditional rendering.

. Write a program for rendering lists.

Write a program for working with different form fields using react forms.

8. ReactJS — React Router, Updating the Screen

o

Write a program for routing to different pages using react router.

. Write a program for updating the screen.

9. ReactJS — Hooks, Sharing data between Components

e

Write a program to understand the importance of using hooks.

. Write a program for sharing data between components.

10. MongoDB - Installation, Configuration, CRUD operations

a.
b.

Install MongoDB and configure ATLAS
Write MongoDB queries to perform CRUD operations on document using insert(), find(),
update(), remove()

11. MongoDB - Databases, Collections and Records

a.
b.

Write MongoDB queries to Create and drop databases and collections.
Write MongoDB queries to work with records using find(), limit(), sort(), createlndex(),

aggregate().

12. Augmented Programs: (Any 2 must be completed)

a.

Design a to-do list application using NodeJS and ExpressJS.
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b. Design a Quiz app using ReactJS.
c. Complete the MongoDB certification from MongoDB University website.

Text Books:
I.Pro MERN Stack: Full Stack Web App Development with Mongo, Express, React, and Node, Vasan
Subramanian, 2" edition, APress, O’Reilly.
ii. NodeJs in Action, Mike Cantelon, Mark Harter, T.J. Holowaychuk, Nathan Rajlich,Manning
Publications. (Chapters 1-11)
iii. React Quickly, AzatMardan,Manning Publications(Chapters 1-8,12-14)

Web Links:

i. ExpressJS - https://www.tutorialspoint.com/expressjs

ii. ReactJS - https://www.w3schools.com/REACT (and) https://react.dev/learn#
iii. MongoDB - https://learn.mongodb.com/learning-paths/introduction-to-mongodb
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TINKERING LAB L TP
(ENGINEERING SCIENCE) 0

111 Year | Semester
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Course Objectives:

1. The Tinkering Lab course aim so foster an environment where students can explore, experiment, and
innovate through hands-on learning.

2. The lab encourages creativity, problem-solving, prototyping, and teamwork.

3. It provides interdisciplinary exposure to mechanical, electronic, and digital fabrication tools, sensors,
loT, coding, and product design.

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

1. Apply knowledge from various engineering disciplines to build and test prototypes

2. Use tools, equipment, and software for basic mechanical, electronic, and digital fabrication.
3. Understand the basics of product design, prototyping, and iteration

4. Work collaboratively on real-world problem statements and inter disciplinary projects

5. Develop problem-solving skills through tinkering and experimentation

Module- 1

Introduction to Tinkering: The principles of creativity, innovation, and tinkering. What is tinkering?
Importance of creativity and experimentation in engineering, Overview of Tinkering Labs: Spaces, tools,
and possibilities, Safety and best practices in the lab.

Lab Work
» Simple individual projects using hand tools(e.g., wood/metal cutting, joining,etc.).
» Demonstrations of sample projects from different engineering streams.

Module- 11

Introduction to Mechanical Prototyping: Basic mechanical fabrication tools and techniques: 3D
modeling and CAD tools (Introduction to software like Solid Works, AutoCAD), Introduction to 3D
printing and laser cutting, Using hand tools, drills, and mechanical prototyping kits.

Lab Work
» Create simple mechanical prototypes using 3D printing and basic fabrication tools.
> Build and test basic structural models using wood, plastic, and metal materials.
> Introduction to Electronics Prototyping: Basic electronics and circuit design. Introduction to bread
boarding, resistors, capacitors, transistors, and ICs., Use of Arduino/Raspberry Pi or similar
microcontrollers, Working with sensors and actuators, Introduction to simple programming for
hardware integration.

Lab Work
> Build a simple electronic project like an automatic light sensor or basic robot.
> Implement hands-on projects using Arduino, basic wiring, and circuit design.
» Digital Fabrication and loT: Digital tools for fabrication and integrate loT-based systems,
Introduction to 10T: Sensors, communication protocols (Bluetooth, Wi-Fi, etc.),Working with
embedded systems, 10T platforms, and cloud-based services, Introduction to digital fabrication
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techniques (Laser cutting, CNC machines).

Lab Work
» Build a basic 10T project(e.g.,smart home device or weather station using sensors).

» Fabricate components of 10T projects using3D printers or laser cutters.

Module- 111

Design Thinking and Ideation: Process of design thinking for problem-solving, Steps of design thinking:
Empathize, Define, Ideate, Prototype, and Test, Case studies of successful product design and innovation,
Understanding user needs and translating them into tangible solutions.

Lab Work
> Brain storm ideas for final projects.
» Work in teams to develop multiple solutions to a given challenge.

Module- IV

Rapid Prototyping and Iteration: Prototype and test ideas iteratively, Concepts of rapid prototyping:
fail-fast, iterate often, Tools for prototyping across disciplines (CAD, electronics simulation, 3D printing),
Testing and evaluating prototypes for functionality, usability, and cost.

Lab Work
> Create initial prototypes for the final project.
» Conduct iterative testing and modifications.

Module-V
Collaborative Final Project: Application of interdisciplinary knowledge to solve real-world problems,

Work in interdisciplinary teams(mix of mechanical, electronics, computer science,etc.), Solving real-world
problems by building a functional prototype, Document project progress, design decisions, and iterations.
Lab Work

> Develop and finalize a working prototype that addresses a selected challenge.

» Present the project to peers and faculty for evaluation.

Text Books
I. Designing for Growth: A Design Thinking Tool Kit for Managers by Jeanne Liedtka and Tim
Ogilvie.
ii.  The Art of Tinkering by Karen Wilkinson and Mike Petrich.
iii.  Make: Electronics: Learning by Discovery by Charles Platt.

Reference Links
I.  Arduino, Raspberry Pi, and IoT tutorial platforms.
ii. 3D modeling and CAD tutorials on platforms like Tinker cad or Fusion360.

li. MIT’s Fab Lab and Fab Academy resources.

Tools and Equipment:
I. 3D printers, laser cutters, CNC machines.

I.  Arduino and Raspberry Pi Kits.
iii.  Basic electronic components: sensors, LEDs, motors, breadboards.
iv. Mechanical tools: drills, saws, hand tools,etc.
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