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VISION STATEMENT OF VELLORE INSTITUTE OF TECHNOLOGY
Transfoming life through excellercein education and research.

MISSION STATEMENT OF VELLORE INST ITUTE OF
TECHNOLOGY

World classEducation: Excellencein educaion, grounded inethics and
critical thinking, for improvementof life.

Cutting edge Research: An innovation ecosystemto exterd knowledgeard
solve citica problems.

| mpactful People: Happy, accourdle, caring and effective workforceand
studerts.

Rewarding Co-creations: Active collaboration with nationd & international
indudries & universitiesfor produdivity andeconomic development.

Saviceto Society: Serviceto theregion and world throughknowledgeand
compassion.

VISION STATEMENT OF THE SCHOOL OF COMPUTER SCIENCE AND
ENGINEERING

To beaworld-renowned centre of educaton, research and servicein camputing and
alied domains.

MISSION STATEMENT OF THE SCHOOL OF COMPUTER SCIENCE
AND ENGINEERING

1 Tooffer computingeducation programs with thegoa that the studentsbecome
technicaly compeentand deweop lifelong learning skill.

1 Toundertake path-breaking reseachthat creaes newcomputing technologies and
solutionsfor industry and societyatlarge

1 Tofoster vibrant outreach programs for industry, reseach organizations, aademia
and scciety.
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B.Tedh-CSE (Data Science)

PROGRAMME EDUCATIONAL OBJECT IVES (PEOs)

1. Graduateswill be engineering practitioners and leaders, who would help solve
indugr s t@chnological problems.

2. Graduates will be engineering professonals, innovators or entrepreneurs
engaged in tedchnology development, technology deployment, or engineering

system implementation in industry.
3. Graduates will function in their profession with social awarenessand

resporsibility.

4.  Graduates will interad with their peersin other disciplinesin indugry and

society and contribute to the economic growth of the country.

5. Graduates will be successful in pursung higher studiesin engineering or

management.

6. Graduates will pursue career pathsin teaching or research.

B.Tech CE - DataScience
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B.Tech-CSE (Data Science)

PROGRAMME OUTCOMES (POs)

PO_01:Having an ability to apply mathematics and science in engineeing
applications.

PO_02:Having a clear understanding of the subject related concepts and of
contemporary issues and apdy them to identify, formulateand analyse complex
engineeing problems.

PO_03:Hawving an ability to desgn a component or a produwct applying al the
relevant standads and with redistic constrants, including public health, safey,
culture,society andenvironment

PO_04 Having an ability to design and condud experments aswell asto analse
and interpret data, and synthesis of information

PO_05: Having an ability to use techniques, skills, resources and modern
engineaing and IT tools necessaryfor engineeing practice

PO_06:Having prodem solving ability- to assessocial issues(sccietal, hedth,
sdety, legal and cultural) and engneaing problems

PO_07:Having adaptive thinking and adaptability in relation to environmental
context and sustainabledevelopment

PO_08:Having a clear undastandng of professional and ethica responsibility

PO_09:Having crosscultura compeency exhibited by working as a memberor
in teams

PO_10:Having a good working knowledge of communicaing in English i
communication with engineging community andsociety

PO_11:Having a good cognitive load management skills related to project
managenentand finance

PO_12:Having interest ard recognise the need for indeperdent ard lif long
learning

B.Tech GSE - DataScience
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B.Tech-CSE (Data Science)

PROGRAMME SPECIFIC OUTCOMES (PSOs)

1. Apply computing theory, languages and algorithms, as well as mathematical and
statisticd models, and the principles of optimization to appropriately formulate and
use data analysis.

2. Apply the principles and techniques of database design, administration, and
implementation to enhance data collection capabilities and dedsion-support
systems. Ability to critique the role of information and analytics in supporting
businessprocesses and functions.

3. Invent and use appropriate models of data analysis, assessthe quality of input,

deriveingght from results, and investigate potential issues. Also to organizebig data

sets into meaningful structures, incorporating data profiling and quality standards.

B.TechCSE - DataScience




CREDIT INFO

Total Credits

S (o) Catagory Credits
1 Foundation Core 53

2 Discipline-linked Engineering Sciences 12

3 Discipline Core 47

4 Specialization Elective 21

5 Projects and Internship 9

6 Open Elective 9

7 Bridge Course 0

8 Non-graded Core Requirement 11

162

Course Code

Foundation Core

Course Title

Course Type

Credits

1 BCHY101L Engineering Chemistry Theory Only 1.0 3 0 0 0 3.0
2 BCHY101P Engineering Chemistry Lab Lab Only 1.0 (O 0 2 0 1.0
3 BCSE101E Computer Programming: Python Embedded 1.0 (1 0 4 0 3.0
Theory and Lab
4 BCSE102L Structured and Object-Oriented Programming Theory Only 1.0 (2 0 0 0 2.0
5 BCSE102P Structured and Object-Oriented Programming Lab Lab Only 1.0 |0 0 4 0 2.0
6 BCSE103E Computer Programming: Java Embedded 1.0 (1 0 4 0 3.0
Theory and Lab
7 BEEE102L Basic Electrical and Electronics Engineering Theory Only 1.0 (3 0 0 0 3.0
8 BEEE102P Basic Electrical and Electronics Engineering Lab Lab Only 1.0 |0 0 2 0 1.0
9 BENG101L Technical English Communication Theory Only 1.0 (2 0 0 0 2.0
10 BENG101P Technical English Communication Lab Lab Only 1.0 [0 0 2 0 1.0
11 BENG102P Technical Report Writing Lab Only 1.0 |0 0 2 0 1.0
12 BFLE200L B.Tech. Foreign Language - 2021 Basket 1.0 (O 0 0 0 2.0
13 BHSM200L B.Tech. HSM Elective - 2021 Basket 1.0 |0 0 0 0 3.0
14 BMAT101L Calculus Theory Only 1.0 |3 0 0 0 3.0
15 BMAT101P Calculus Lab Lab Only 1.0 (O 0 2 0 1.0
16 BMAT102L Differential Equations and Transforms Theory Only 1.0 3 1 0 0 4.0
17 BMAT201L Complex Variables and Linear Algebra Theory Only 1.0 (3 1 0 0 4.0
18 BMAT202L Probability and Statistics Theory Only 1.0 |3 0 0 0 3.0
19 BMAT202P Probability and Statistics Lab Lab Only 1.0 (O 0 2 0 1.0
20 BPHY101L Engineering Physics Theory Only 1.0 (3 0 0 0 3.0
21 BPHY101P Engineering Physics Lab Lab Only 1.0 (O 0 2 0 1.0
22 BSTS101P Quantitative Skills Practice | Soft Skill 1.0 |0 0 3 0 1.5
23 BSTS102P Quantitative Skills Practice Il Soft Skill 1.0 |0 0 3 0 1.5
24 BSTS201P Qualitative Skills Practice | Soft Skill 1.0 |0 0 3 0 1.5
25 BSTS202P Qualitative Skills Practice Il Soft Skill 1.0 |0 0 3 0 1.5
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Course Code

Course Title

Discipline-linked Engineering

Sciences
Course Type

Credits

1 BECE102L Digital Systems Design Theory Only 1.0 (3 0 0 0 3.0
2 BECE102P Digital Systems Design Lab Lab Only 1.0 (O 0 2 0 1.0
3 BECE204L Microprocessors and Microcontrollers Theory Only 1.0 (3 0 0 0 3.0
4 BECE204P Microprocessors and Microcontrollers Lab Lab Only 1.0 [0 0 2 0 1.0
5 BMAT205L Discrete Mathematics and Graph Theory Theory Only 1.0 |3 1 0 0 4.0

Course Code

Discipline Core

Course Title

Course Type

Credits

Course Code

Course Title

Course Type

1 BCSE202L Data Structures and Algorithms Theory Only 1.0 |3 0 0 0 3.0
2 BCSE202P Data Structures and Algorithms Lab Lab Only 1.0 |0 0 2 0 1.0
3 BCSE203E Web Programming Embedded 1.0 (1 0 4 0 3.0
Theory and Lab
4 BCSE204L Design and Analysis of Algorithms Theory Only 1.0 3 0 0 0 3.0
5 BCSE204P Design and Analysis of Algorithms Lab Lab Only 1.0 [0 0 2 0 1.0
6 BCSE205L Computer Architecture and Organization Theory Only 1.0 (3 0 0 0 3.0
7 BCSE301L Software Engineering Theory Only 1.0 (3 0 0 0 3.0
8 BCSE301P Software Engineering Lab Lab Only 1.0 [0 0 2 0 1.0
9 BCSE302L Database Systems Theory Only 1.0 |3 0 0 0 3.0
10 BCSE302P Database Systems Lab Lab Only 1.0 |0 0 2 0 1.0
11 BCSE303L Operating Systems Theory Only 1.0 (3 0 0 0 3.0
12 BCSE303P Operating Systems Lab Lab Only 1.0 (O 0 2 0 1.0
13 BCSE304L Theory of Computation Theory Only 1.0 (3 0 0 0 3.0
14 BCSE305L Embedded Systems Theory Only 1.0 |3 0 0 0 3.0
15 BCSE306L Artificial Intelligence Theory Only 1.0 |3 0 0 0 3.0
16 BCSE307L Compiler Design Theory Only 1.0 (3 0 0 0 3.0
17 BCSE307P Compiler Design Lab Lab Only 1.0 (O 0 2 0 1.0
18 BCSE308L Computer Networks Theory Only 1.0 |3 0 0 0 3.0
19 BCSE308P Computer Networks Lab Lab Only 1.0 |0 0 2 0 1.0
20 BCSE309L Cryptography and Network Security Theory Only 1.0 (3 0 0 0 3.0
21 BCSE309P Cryptography and Network Security Lab Lab Only 1.0 (O 0 2 0 1.0
pecialization Elective

Credits

1 BCSE206L Foundations of Data Science Theory Only 1.0 (3 0 0 0 3.0
2 BCSE207L Programming for Data Science Theory Only 1.0 (2 0 0 0 2.0
3 BCSE207P Programming for Data Science Lab Lab Only 1.0 |0 0 2 0 1.0
Report On : 29-03-2023 10:36:23 AM Page 2 of 6



Course Code

Course Title

Course Type

Specialization Elective
4 BCSE208L Data Mining Theory Only 1.0 (2 0 0 0 2.0
5 BCSE208P Data Mining Lab Lab Only 1.0 [0 0 2 0 1.0
6 BCSE209L Machine Learning Theory Only 1.0 |3 0 0 0 3.0
7 BCSE209P Machine Learning Lab Lab Only 1.0 (O 0 2 0 1.0
8 BCSE331L Exploratory Data Analysis Theory Only 1.0 (2 0 0 0 2.0
9 BCSE331P Exploratory Data Analysis Lab Lab Only 1.0 |0 0 2 0 1.0
10 BCSE332L Deep Learning Theory Only 1.0 (3 0 0 0 3.0
11 BCSE332P Deep Learning Lab Lab Only 1.0 [0 0 2 0 1.0
12 BCSE333L Statistical Inference Theory Only 1.0 (2 0 0 0 2.0
13 BCSE333P Statistical Inference Lab Lab Only 1.0 (O 0 2 0 1.0
14 BCSE334L Predictive Analytics Theory Only 1.0 |3 0 0 0 3.0
15 BCSE335L Healthcare Data Analytics Theory Only 1.0 (3 0 0 0 3.0
16 BCSE336L Financial Data Analytics Theory Only 1.0 |2 0 0 0 2.0
17 BCSE336P Financial Data Analytics Lab Lab Only 1.0 (O 0 2 0 1.0

Projects and I nternship

Credits

1 BCSE399J Summer Industrial Internship Project 1.0 (O 0 0 0 1.0
2 BCSE497J Project - | Project 10 |0 0 0 0 3.0
3 BCSE498J Project - Il / Internship Project 1.0 (O 0 0 0 5.0
4 BCSE499J One Semester Internship Project 1.0 |0 0 0 0 14.0

Course Code

Open Elective

Course Title

Course Type

Credits

1 CFOC102M Introduction to Cognitive Psychology Online Course  |1.0 |0 0 0 0 3.0
2 CFOC103M Introduction to Political Theory Online Course 1.0 (O 0 0 0 3.0
3 CFOC104M Six Sigma Online Course 1.0 (O 0 0 0 3.0
4 CFOC105M Emotional Intelligence Online Course  |1.0 |0 0 0 0 2.0
5 CFOC109M Design Thinking - A Primer Online Course 1.0 (O 0 0 0 1.0
6 CFOC118M Practical Machine Learning with Tensorflow Online Course 1.0 (O 0 0 0 2.0
7 CFOC122M Educational Leadership Online Course  |1.0 |0 0 0 0 2.0
8 CFOC133M E-Business Online Course 1.0 (O 0 0 0 3.0
9 CFOC152M Pattern Recognition and Application Online Course 1.0 (O 0 0 0 3.0
10 CFOC165M Software testing Online Course  |1.0 |0 0 0 0 3.0
11 CFOC188M Ethical Hacking Online Course  |1.0 |0 0 0 0 3.0
12 CFOC190M Positive Psychology Online Course  |1.0 |0 0 0 0 2.0
13 CFOC191M Forests and their Management Online Course  |1.0 |0 0 0 0 3.0
14 CFOC193M Bioengineering: An Interface with Biology and Online Course  |1.0 |0 0 0 0 2.0
Medicine
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Open Elective

15 CFOC197M Bio-Informatics: Algorithms and Applications Online Course  |1.0 |0 0 0 0 3.0
16 CFOC203M Natural Hazards Online Course  |1.0 |0 0 0 0 2.0
17 CFOC207M Electronic Waste Management - Issues And Online Course 1.0 |0 0 0 0 1.0
Challenges
18 CFOC227M GPU Architectures and Programming Online Course  |1.0 |0 0 0 0 3.0
19 CFOC232M Consumer Behaviour Online Course  |1.0 |0 0 0 0 2.0
20 CFOC235M Rocket Propulsion Online Course 1.0 |0 0 0 0 3.0
21 CFOC236M Aircraft Maintenance Online Course  |1.0 |0 0 0 0 1.0
22 CFOC253M Plastic Waste Management Online Course 1.0 |0 0 0 0 2.0
23 CFOC258M Introduction to Geographic Information Systems Online Course  |1.0 |0 0 0 0 1.0
24 CFOC282M Waste to Energy Conversion Online Course 1.0 |0 0 0 0 2.0
25 CFOC329M Design, Technology and Innovation Online Course  |1.0 |0 0 0 0 2.0
26 CFOC332M Fundamentals of Automotive Systems Online Course  |1.0 |0 0 0 0 3.0
27 CFOC356M Analog Circuits Online Course 1.0 |0 0 0 0 3.0
28 CFOC365M Evolution of Air Interface towards 5G Online Course  |1.0 |0 0 0 0 2.0
29 CFOC384M Entrepreneurship Essentials Online Course  |1.0 |0 0 0 0 3.0
30 CFOC388M Energy Resources, Economics and Environment Online Course 1.0 |0 0 0 0 3.0
31 CFOC391M Effective Writing Online Course  |1.0 |0 0 0 0 1.0
32 CFOC395M Speaking Effectively Online Course  |1.0 |0 0 0 0 2.0
33 CFOC397M Intellectual Property Online Course  |1.0 |0 0 0 0 3.0
34 CFOC400M Language and Mind Online Course 1.0 |0 0 0 0 2.0
35 CFOC401M The Nineteenth - Century English Novel Online Course  |1.0 |0 0 0 0 3.0
36 CFOC402M Introduction to World Literature Online Course  |1.0 |0 0 0 0 3.0
37 CFOC405M Economic Growth & Development Online Course 1.0 |0 0 0 0 2.0
38 CFOC407M Introduction to Modern Indian Political Thought Online Course  |1.0 |0 0 0 0 3.0
39 CFOC408M English Literature of the Romantic Period, 1798 - Online Course |1.0 |0 0 0 0 2.0
1832
40 CFOC416M Feminism : Concepts and Theories Online Course 1.0 |0 0 0 0 3.0
41 CFOC419M Basic Real Analysis Online Course  |1.0 |0 0 0 0 3.0
42 CFOC442M Robotics and Control : Theory and Practice Online Course 1.0 |0 0 0 0 2.0
43 CFOC475M IC Engines and Gas Turbines Online Course 1.0 |0 0 0 0 3.0
44 CFOC488M Business Analytics For Management Decision Online Course 1.0 |0 0 0 0 3.0
45 CFOC490M Sales and Distribution Management Online Course 1.0 |0 0 0 0 2.0
46 CFOC493M Management of Inventory Systems Online Course 1.0 |0 0 0 0 3.0
47 CFOC494M Quality Design And Control Online Course 1.0 |0 0 0 0 3.0
48 CFOC495M Foundation Course in Managerial Economics Online Course 1.0 |0 0 0 0 2.0
49 CFOC496M Engineering Econometrics Online Course 1.0 |0 0 0 0 3.0
50 CFOC497M Financial Statement Analysis and Reporting Online Course 1.0 |0 0 0 0 3.0
51 CFOC498M Business Statistics Online Course 1.0 (O 0 0 0 3.0
52 CFOC499M Global Marketing Management Online Course 1.0 |0 0 0 0 2.0
53 CFOC500M Marketing Research and Analysis - I Online Course 1.0 |0 0 0 0 3.0
54 CFOC550M Numerical Analysis Online Course 1.0 |0 0 0 0 4.0
55 CFOC570M Public Speaking Online Course  |1.0 |0 0 0 0 3.0
56 CFOC591M Principles Of Management Online Course 1.0 |0 0 0 10 3.0
REPOTT U T £9-U5-ZUZ5 LU 3025 AVI daygt Ulr'o




Open Elective
57 CFOC593M Corporate Finance Online Course |2.0 |0 0 0 0 2.0

58 CFOC594M Customer Relationship Management Online Course  |1.0 |0 0 0 0 2.0

Bridge Course

Course Code Course Title Course Type Credits

1 BENG101N Effective English Communication Lab Only 1.0 (O 0

Non-graded Core Requir ement

Course Code Course Title Course Type Credits

1 BCHY102N Environmental Sciences Online Course  |1.0 |0 0 0 0 2.0

2 BCSE101N Introduction to Engineering Project 1.0 (O 0 0 0 1.0

3 BEXC100N Extracurricular Activities / Co-Curricular Activities - Basket 1.0 (O 0 0 0 2.0
B.Tech. Programmes

4 BHUM101N Ethics and Values Online Course  |1.0 |0 0 0 0 2.0

5 BSSC101N Essence of Traditional Knowledge Online Course 1.0 |0 0 0 0 2.0

6 BSSC102N Indian Constitution Online Course  |1.0 |0 0 0 0 2.0
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-

\_

FOUNDATION CORE
(2022-2023)

B.Tedh. Computer Scienceand Engg (Data Science)

~

J




Item 63/8 - Annexure - 5

Foundation Core

BCHY101L Engineering Chemistry LITIP|c

3/]0/]0] 3

Pre-requisite | NIL Syllabus version
1.0

Course Objectives

1. To enable students to have fundamental understanding of the basic concepts of different
disciplines of chemistry.

2. To provide avenues for learning advanced concepts from school to university

3. To empower students with emerging concepts in applied chemistry to be useful in
addressing societal needs

4. To integrate analytical and computational ability with experimental skills to create
individuals competent in basic science and its by-product of its application.

5. To offer opportunities to create pathways for self-reliant in terms of knowledge and
higher learning

Course Outcomes :

1. Understand the fundamental concepts in organic¢, inorganic, physical, and analytical
chemistry.

2. Analyze the principles of applied chemistry in solving the societal issues.

3. Apply chemical concepts for the advancement of materials.

4. Appreciate the fundamental principles of spectroscopy and the related applications.

5. Design new materials, energy conversion devices and new protective coating
technigues.

Module:1 | Chemical thermodynamics and kinetics | 6 hours

Laws of thermodynamics - entropy change (selected processes) — spontaneity of a chemical
reaction and Gibbs free energy - heat transfer; Kinetics - Concept of activation energy and
energy barrier - Arrhenius equation- effect of catalysts (homo and heterogenecus) — Enzyme
catalysis (Michaelis-Menten Mechanism).

Module:2 | Metal complexes and organometallics | 6 hours

Inorganic complexes - structure, bonding and application; QOrgancometallics — introduction,
stability, structure and applications of metal carbonyls, ferrocene and Grignard reagent;
Metals in hiolegy {(haemoglobin, chlorophyll- structure and property).

Module:3 | Organic intermediates and reaction transformations | 6 hours

Organic intermediates - stability and structure of carbocations, carbanions and radicals;
Aromatics {aromaticity) and heteracycles (3, 4, 5, 6 membered and fused systems); Organic
transformations for making useful drugs for specific disease targets (two examples) and
dyes {(addition, elimination, substitution and cross coupling reactions).

Module:4 | Energy devices | 6 hours

Electrochemical and electrolytic cells — electrode materials with examples (semi-conductors),
electrode-electrolyte interface- chemistry of Li ion secondary batteries, supercapacitors; Fuel
cells: Hx-O, and solid oxide fuel cell (SOFC); Solar cells - photovoltaic cell (silicon based),
photoelectrochemical cells and dye-sensitized cells.

Module:5 | Functional materials | 7 hours

Oxides of AB, AB;, ABO; type (specific examples); Composites - types and properties;
Polymers - thermosetting and thermoplastic polymers — synthesis and application (TEFLON,
BAKELITE); Conducting polymers- polyacetylene and effect of doping — chemistry of display
devices specific to OLEDs; Nano materials — introduction, bulk vs nano (quantum dots), top-
down and bottom-up approaches for synthesis, and properties of nano Au.

Module:6 \ Spectroscopic, diffraction and microscopic techniques | 5 hours

Fundamental concepts in spectroscopic and instrumental techniques; Principle and
applications of UV-Visible and XRD techniques (numericals}); Overview of various techniques
such as AAS, IR, NMR, SEM and TEM.

Module:7 | Industrial applications | 7 hours

Proceedings of the 63rd Academic Council [23.09.2021] 652




Item 63/8 - Annexure - 5

Water purification methods - zeolites, ion-exchange resins and reverse osmosis; Fuels and
combustion -LCV, HCV, Bomb calerimeter (numericals), anti-knocking agents); Protective
coatings for corrosion control: cathodic and anodic protection - PVD technique; Chemical

sensors for environmental monitoring - gas sensors; Overview of computational
methodologies: energy minimization and conformational analysis.
Module:8 | Contemporary topics | 2 hours
Guest lectures from Industry and, Research and Development Organizations

Total Lecture hours: 45 hours
Textbook

1. | Theodore E. Brown, H Eugene, LeMay Bruce E. Bursten, Catherine Murphy, Patrick
Woodward, Matthew E. Stoltzfus, Chemistry: The Central Science, 2017, 14th edition,
Pearson Publishers, 2017. UK

Reference Books

1. | Peter Vollhardt, Neil Schore, Organic Chemistry: Structure and Function, 2018, 8th ed.
WH Freeman, London

2. | Atkins' Physical Chemistry: International, 2018, Eleventh edition, Oxford University
Press; UK

3. Colin Banwell, Elaine McCash, Fundamentals for Molecular Spectroscopy, 4th Edition,
McGraw Hill, US

4. | Solid State Chemistry and its Applications, Anthony R. West. 2014, 2nd edition, Wiley,
UK.

5. | AngA'le Reinders, Pierre Verlinden, Wilfried van Sark, Alexandre Freundlich,
Photovoltaic solar energy: From fundamentals to Applications, 2017, Wiley publishers,
6. | UK.

Lawrence S. Brown and Thomas Holme, Chemistry for engineering students, 2018, 4"
edition — Open access version

Mode of Evaluation: CAT, Wrilten assignment, Quiz and FAT

Recommended by Board of 28.06.2021
Studies
Approved by Academic Council | No. 63 | Date | 23.09.2021
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Item 63/8 - Annexure - 5

BCHY101P Engineering Chemistry Lab L|T P |C

0(0 2 |1

Pre-requisite | NIL Syllabus version
1.0

Course Objective

To apply theoretical knowledge gained in the theory course and get hands-on experience of
the topics.

Course Qutcome :

At the end of the course the student will be able to
1. Understand the importance and hands-on experience on analysis of metal ions by
means of experiments.
2. Get practical experience on synthesis and characterization of the crganic molecules
and nanomaterials in the laboratory.
3. Apply their knowledge in thermodynamic functions, kinetics and molecular
geometries through the experiments.

Indicative Experiments |

1. | Thermodynamics functions from EMF measurements : Zinc — Copper system

2. | Determination of reaction rate, order and molecularity of ethylacetate hydrolysis

3. | Colorimetric estimation of Ni** using conventional and smart phone digital-imaging
methods

4. | Laboratory scale preparation of important drug intermediate - para aminophenol for the
synthesis for acetaminophen

5. Magnesium-sea water activated cell — Effect of salt concentration on voltage
generation

6. | Analysis of iron in an alloy sample by potentiometry

7. | Preparation of tin oxide by sol- gel method and its characterization

8. | Size dependent colour variation of Cu,0O nanoparticles by spectrophotometer

9. | Determination of hardness of water sample by complexometric titration before and

after ion-exchange process

10. | Computational Optimization of molecular geometry using Avogadro software

Total Laboratory Hours | 30 hours

Mode of assessment: Mode of assessment: Continuous assessment / FAT / Cral
examination and others

Recommended by Board of Studies 28.06.2021

Approved by Academic Council No. 63 | Date | 23.09.2021
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Foundation Core Item 63/8 - Annexure - 5

BCSE101E Computer Programming: Python L T P C

1,04 3

Pre-requisite | NIL Syllabus version
1.0

Course Objectives

1. To provide exposure to basic problem-solving techniques using computers.
2. To inculcate the art of logical thinking abilities and propose novel solutions for real world
problems through programming language constructs.

Course Outcome

1. Classify various algorithmic approaches, categorize the appropriate data representation,
and demonstrate various control constructs.

2. Choose appropriate programming paradigms, interpret and handle data using files to
propose solution through reusable modules; idealize the importance of modules and
packages.

Module:1 | Introduction to Problem Solving | 1 hour

Problem Sclving: Definition and Steps, Problem Analysis Chart, Developing an Algorithm,
Flowchart and Pseudocode.

Module:2 | Python Programming Fundamentals | 2hours

Introduction to python — Interactive and Script Mode — Indentation — Comments — Variables
— Reserved Words — Data Types — Operators and their precedence — Expressions — Built-in
Functions — Importing from Packages.

Module:3 | Control Structures | 2hours

Decision Making and Branching: if, if-else, nested if, multi-way if-elif statements — Looping:
while loop, for loop — else clauses in loops, nested loops — break, continue and pass
statements.

Module:4 | Collections | 3 hours

Lists: Create, Access, Slicing, Negative indices, List methods, List comprehensions —
Tuples: Create, Indexing and slicing, Operations on tuples — Dictionary: Create, add, and
replace values, Operations on dictionaries — Sets: Creation and operations.

Module:5 | Strings and Regular Expressions | 2 hours

Strings: Comparison, Formatting, Slicing, Splitting, Stripping — Regular Expressions:
Matching,
Search and replace, Patterns.

Module:6 | Functions and Files | 3 hours
Functions — Parameters and Arguments: Positional arguments, Keyword arguments,
Parameters

with default values — Local and Global scope of variables — Functions with Arbitrary
arguments — Recursive Functions — Lambda Function. Files: Create, Open, Read, Write,
Append and Close — tell and seek methods.

Module:7 | Modules and Packages | 2 hours

Built-in modules — User-Defined modules — Overview of Numpy and Pandas packages.

\ Total Lecture hours: \ 15 hours

Text Book(s)

1. | Eric Matthes, Python Crash Course: A Hands-On, Project-Based Introduction to
Programming, 2nd Edition, No starch Press, 2019

Reference Books

1. | Martic C Brown, Python: The Complete Reference, 4th Edition, McGraw Hill Publishers,
2018.

2. | John V. Guttag, Introduction to computation and programming using python: with
applications to understanding data. 2nd Edition, MIT Press, 2016.

Proceedings of the 63rd Academic Council [23.09.2021] 665
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Mode of Evaluation: No separate evaluation for theory component.

Indicative Experiments

1. | Problem Analysis Chart, Flowchart and Pseudocode Practices.

2. | Sequential Constructs using Python Operators, Expressions.

3. | Branching (if, if-else, nested if, multi-way if-elif statements) and Looping (for, while,
nested
looping, break, continue, else in loops).

List, Tuples, Dictionaries & Sets.

Strings, Regular Expressions.

Functions, Lambda, Recursive Functions and Files.

N|o | ok

Modules and Packages (NumPy and Pandas)

Total Laboratory Hours | 60 hours

Text Book(s)

1. | Mariano Anaya, Clean Code in Python: Develop maintainable and efficient code, 2™
Edition, Packt Publishing Limited, 2021.

Reference Books

1. | Harsh Bhasin, Python for beginners, 1% Edition, New Age International (P) Ltd., 2019,

| Mode of assessment: Continuous assessments and FAT

Recommended by Board of Studies | 03.07.2021

Approved by Academic Council No. 63 | Date | 23.09.2021
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BCSE102L Structured and Object-Oriented Programming L/ T|P|C

2,0/0)2

Pre-requisite NIL Syllabus version
1.0

Course Objectives

1. To impart the basic constructs in structured programming and object-oriented
programming paradigms.

2. To inculcate the insights and benefits in accessing memory locations by
implementing real world problems.

3. To help solving real world problems through appropriate programming paradigms.

Course Outcome

At the end of the course, students should be able to:

1. Understand different programming language constructs and decision-making
statements; manipulate data as a group.

2. Recognize the application of modular programming approach; create user defined
data types and idealize the role of pointers.

3. Comprehend various elements of object-oriented pregraming paradigm; propose
solutions through inheritance and polymorphism; identify the appropriate data
structure for the given problem and devise solution using generic programming

techniques.
Module:1 | C Programming Fundamentals | 2 hours
Variables - Reserved words — Data Types — Operators — Operator Precedence -

Expressions - Type Conversions - /O statements - Branching and Looping: if, if-else, nested
if, if-else ladder, switch statement, goto statement - Loops: for, while and do...while — break
and continue statements.

Module:2 | Arrays and Functions | 4 hours

Arrays: One Dimensional array - Two-Dimensional Array — Strings and its operations. User
Defined Functions: Declaration — Definition — call by value and call by reference - Types of
Functions - Recursive functions - Storage Classes - Scope, Visibility and Lifetime of
Variables.

Module:3 | Pointers | 4 hours

Declaration and Access of Pointer Variables, Pointer arithmetic — Dynamic memory
allocation — Pointers and arrays - Pointers and functions.

Module:4 | Structure and Union | 2 hours

Declaration, Initialization, Access of Structure Variables - Arrays of Structure - Arrays within
Structure - Structure within Structures - Structures and Functions — Pointers to Structure -

Module:5 | Overview of Object-Oriented 5 hours
Programming

Features of OOP - Classes and Objects - “this” pointer - Constructors and Destructors -
Static Data Members, Static Member Functions and Objects - Inline Functions — Call by
reference - Functions with default Arguments - Functions with Objects as Arguments - Friend
Functions and Friend Classes.

Module:6 | Inheritance | 5 hours

Inheritance - Types of Inheritance: Single inheritance, Multiple Inheritance, Multi-level
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Inheritance, Hierarchical Inheritance - Multipath Inheritance - Inheritance and constructors.

Module:7 | Polymorphism | 4 hours

Function Overloading - Operator Overloading — Dynamic Polymorphism - Virtual Functions -
Pure virtual Functions - Abstract Classes.

Module:8 | Generic Programming | 4 hours

Function templates and class templates, Standard Template Library.

‘ Total Lecture hours: ‘ 30 hours

Text Book(s)

1. | Herbert Schildt, C: The Complete Reference, 4" Edition, McGraw Hill Education,
2017

2. | Herbert Schildt, C++: The Complete Reference, 4™ Edition, McGraw Hill Education,
2017.

Reference Books

1. | Yashavant Kanetkar, Let Us C: 17" Edition, BPB Publicaitons, 2020.

2. | Stanley Lippman and Josee Lajoie, C++ Primer, 5" Edition, Addison-Wesley publishers,
2012.

Mode of Evaluation: CAT / Written Assignment / Quiz / FAT / Project.

Recommended by Board of Studies 03.07.2021

Approved by Academic Council No. 63 | Date | 23.09.2021
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BCSE102P Structured and Object-Oriented Programming Lab LIT|P|C

0| 0| 4| 2

Pre-requisite NIL Syllabus version
1.0

Course Objectives

1. To impart the basic constructs in structured programming and object-oriented
programming paradigms.

2. To inculcate the insights and benefits in accessing memory locations by

implementing real world problems.
3. To solve real world problems through appropriate programming paradigms.

Course Outcome

At the end of the course, students should be able to:

1. Understand different programming language constructs and decision-making
statements; manipulate data as a group.

2. Recognize the application of modular programming approach; create user defined
data types and idealize the role of pointers.

3. Comprehend various elements of object-oriented programing paradigm; propose
solutions through inheritance and polymorphism; identify the appropriate data
structure for the given problem and devise solution using generic programming
techniques.

Indicative Experiments

Programs using basic control structures, branching and looping

Experiment the use of 1-D, 2-D arrays and strings and Functions

Demonstrate the application of pointers

Experiment structures and unions

Programs on basic Object-Oriented Programming constructs.

Demonstrate various categories of inheritance

Program to apply kinds of polymorphism.

O N| 03| U1 B W N =

Develop generic templates and Standard Template Libraries.

Total Laboratory Hours | 60 hours

Tex
T.

t Book(s)

Robert C. Seacord, Effective C: An Introduction to Professional C Programming,
1% Edition, No Starch Press, 2020.

Re

erence Book(s)

1.

Vardan Grigoryan and Shunguang Wu, Expert C++: Become a proficient programmer by
learning coding best practices with C++17 and C++20's latest features, 1st Edition,
Packt Publishing Limited, 2020.

Mode of assessment: Continuous assessments and FAT.

Recommended by Board of Studies 03.07.2021
Approved by Academic Councll No. 63 | Date [23.09.2021
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BCSE103E Computer Programming : Java LT | P|C

170 4|3

Pre-requisite NIL Syllabus version
1.0

Course Objectives:

1. To introduce the core language features of Java and understand the fundamentals of
Object -Oriented programming in Java.
2. To develop the ability of using Java to solve real world problems.

Course Outcome:,

At the end of this course, students should be able to:

1. Understand basic programming constructs; realize the fundamentals of Object
Orientated Programming in Java; apply inheritance and interface concepts for
enhancing code reusability.

2. Realize the exception handling mechanism; process data within files and use the
data structures in the collection framework for solving real world problems.

Module:1 ‘ Java Basics ‘ 2 hours

OOP Paradigm - Features of Java Language - JVM - Bytecode - Java program structure —
Basic programming constructs - data types - variables — Java naming conventions —
operators.

Module:2 | Looping Gonstructs and Arrays | 2 hours

Control and looping constructs - Arrays — one dimensional and multi-dimensional —
enhanced for loop — Strings - Wrapper classes.

Module:3 | Classes and Objects | 2 hours

Class Fundamentals — Access and non-access specifiers - Declaring objects and assigning
object reference variables — array of objects — constructors and destructors — usage of “this”
and "static” keywords.

Module:4 | Inheritance and Polymorphism | 3 hours

Inheritance — types — use of “super” — final keyword - Polymorphism — Overloading and
Overriding - abstract class — Interfaces.

Module:5 | Packages and Exception Handling | 2 hours

Packages: Creating and Accessing - Sub packages.
Exception Handling - Types of Exception - Control Flow in Exceptions - Use of try, catch,
finally, throw, throws in Exception Handling - User defined excepticons.

Module:6 | 10 Streams and Files | 2 hours

Java /O streams — FilelnputStream & FileOutputStream - FileReader & FileWriter-
DatalnputStream & DataQutputStream — BufferedInputStream & BufferedOutputStream —
PrintOutputStream - Serialization and Deserialization.

Module:7 | Collection Framework | 2 hours

Generic classes and methods - Collection framework: List and Map.

Total Lecture hours: 15 hours

Text Book(s)

1. | Y. Daniel Liang, “Introduction to Java programming” - comprehensive version-11"
Edition, Pearson publisher, 2017.

Reference Books

1. | Herbert Schildt , The Complete Reference -Java, Tata McGraw-Hill publisher, 10"
Edition, 2017.

2 | Cay Horstmann, Big Java”, 4th edition, John Wiley & Sons publisher, 5™ edition, 2015

3 | E.Balagurusamy, “Programming with Java”, Tata McGraw-Hill publishers, 6™ edition,
2019
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Mode of Evaluation: No separate evaluation fer theory component.

Indicative Experiments

Programs using sequential and branching structures.

Experiment the use of looping, arrays and strings.

Demonslrate basic Object-Oriented programming elements.

Experiment the use of inheritance, polymorphism and abstract classes.

Designing packages and demonstrate exception handling.

Demonstrate the use of 10 streams, file handling and serialization.

N oW N =

Program to discover application of collections.

Total Laboratory Hours | 60 hours

Text Book(s)

1. Marc Loy, Patrick Niemeyer and Daniel Leuck, Learning Java, O'Reilly Media, Inc.,
5" Edition, 2020.

Reference Books

1. Dhruti Shah, 100+ Solutions in Java: A Hands-On Introduction to Programming in
Java, BPB Publications, 1! Edition, 2020.

Mode of assessment; Continuous assessments and FAT

Recommended by Board of Studies 03.07.2021

Approved by Academic Council | No. 63 | Date | 23.09.2021
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Course Code Course Title L|{T|P|C

BEEE102L Basic Electrical and Electronics Engineering 3/0|0 |3

Pre-requisite NIL Syllabus version
1.0

Course Objectives

1. Familiarize with various laws and theorems to solve electric and electronic circuits
2. Provide an overview on working principle of machines
3. Excel the concepts of semiconductor devices, op-amps and digital circuits

Course Outcomes

On completion of the course, the students will be able to:

1. Evaluate DC and AC circuit parameters using various laws and theorems

2. Comprehend the parameters of magnetic circuits

3. Classify and compare various types of electrical machines and its applications
4. Design basic combinational circuits in digital system

5. Analyze the characteristics and applications of semiconductor devices

Module:1 | DC Circuits | 7 hours

Basic circuit elements and sources; Ohms law; Kirchhoffé slaws; Series and Parallel
connection of circuit elements; Star-delta transformation; Mesh current analysis; Node
voltage analysis; Theorems: Thevenin's, Maximum power transfer and Superposition
theorem.

Module:2 | AC Circuits | 8 hours

Alternating voltages and currents, RMS, average, maximum values, Single Phase RL, RC,
RLC series circuits, Power in AC circuits, Power Factor, Three phase balanced systems,
Star and delta Connections, Electrical Safety, Fuses and Earthing.

Module:3 | Magnetic Circuits | 7 hours

Magnetic field; Toroidal core: Flux density, Flux linkage; Magnetic circuit with airgap;
Reluctance in series and parallel circuits; Self and mutual inductance; Transformer: turn ratio
determination.

Module:4 | Electrical Machines | 7 hours

Construction, working principle and applications of DC Machines, Transformers, Three
phase Induction motors, synchronous generators, single phase induction motors, special
machines stepper motor, universal motor and BLDC motor.

Module:5 | Digital Systems | 7 hours

Binary arithmetic; Number base conversion; Boolean algebra: simplification of Boolean
functions using K-maps; Logic gates; Design of basic combinational circuits: adders,
multiplexers, de-multiplexers.

Module:6 | Semiconductor Devices and Applications 7 hours

Characteristics: PN junction diode, Zener diode, BJT, MOSFET; Applications: Rectifier,
Voltage regulator, Operational amplifier.

Module:7 | Contemporary Issues | 2 hours

Total Lecture hours: | 45 hours

1exXt BEOO0KS

T Allan R. Hambley, TElectrical Engineering -Principles & Applicationso 2019, 6" Edition,
Pearson Education

2 V. D. loro, Electrical Engineering Fundamentals, an edition. PHI, 2014

Reference Books

‘l—l‘-R.‘L.‘Boylestad‘and‘L.‘Nashelsky,‘EIectronic‘Devices‘and‘Circuit‘Theory,‘ll“*edition.
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Pearson, 2012

2 DP Kothari & Nagrath, fBasic Electric Engineerin g 8019, Tata McGraw Hill
Recommended by Board of Studies 28-05-2022
Approved by Academic Council No. 67 | Date 08-08-2022
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Course code Course Title LI T| P| C

BEEE102P Basic Electrical and Electronics Engineering Lab 0] 0 2| 1

Pre-requisite Nil Syllabus version
1.0

Course Objective

1. Design and solve the fundamental electrical and electronics circuits

Course Outcomes

1. Identify appropriate method of solving the fundamental electrical and electronics circuits

2. Design and conduct experiments on electrical and electronics circuits

Experiments (Indicative) |

Verification of Kirchoffé &w

Verification of Maximum Power Transfer Theorem

Staircase wiring circuit layout for multi storage building

Lamp dimmer circuit (Darlington pair circuit using transistors) used in cars.

Measurement of Earth resistance using Megger

Sinusoidal steady state response of RLC circuits

Three phase power measurement for ac loads

Design of half-adder and full-adder digital circuits

O OO|INO O A WIN|F

Synthesis of 8x1 multiplexer and 1x8 de-multiplexers

10 | Characteristics of PN diode and acts as switch

11 | Realization of single-phase rectifier

12 | Design of regulated power supply using Zener diode.

13 | Characteristics of MOSFET

14 | Characteristics of BJT

15 | Measurement of energy using single-phase energy meter

16 | Measurement of power in a 1-phase circuit by using CTs and PTs

Total Laboratory Hours | 30 hours

Mode of assessment: Continuous assessment, FAT

Recommended by Board of Studies 28-05-2022

Approved by Academic Council No.67 | Date | 08-08-2022
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BENG101L Technical English Communication L|T|P C
2/0|0) 2

Pre-requisite NIL Syllabus version
1.0

Course Objectives:

1. To develop LSRW skills for effective communication in professional situations
2. To enhance knowledge of grammar and vocabulary for meaningful communication
3. To understand information from diverse texts for effective technical communication

Course Outcomes:

1. Use grammar and vocabulary appropriately while writing and speaking
2. Apply the concepts of communication skills in formal and informal situations
3. Demonstrate effective reading and listening skills to synthesize and draw intelligent

inferences
4. Write clearly and significantly in academic and general contexts
Module:1 | Introduction to Communication 4 hours

Nature and Process - Types of communication: Intra-personal, Interpersonal, Group-verbal
and non-verbal communication / Cross-cultural Communication - Communication Barriers
and Essentials of good communication - Principles of Effective Communications

Module:2 | Grammatical Aspects | 4 hours
Sentence Pattern - Modal Verbs - Concord (SVA) - Conditionals - Error detection
Module:3 | Written Correspondence | 4 hours
Job Application Letters - Resume Writing - Statement of Purpose

Module:4 | Business Correspondence | 4 hours

Business Letters: Calling for Quotation, Complaint & Sales Letter — Memo - Minutes of
Meeting - Describing products and processes

Module:5 [ Professional Writing | 4 hours

Paraphrasing & Summarizing - Executive Summary - Structure and Types of Proposal —
Recommendations

Module:6 | Team Building & Leadership Skills | 4 hours

Principles of Leadership - Team Leadership Model - Negotiation Skills - Conflict
Management

Module:7 | Research Writing | 4 hours

Interpreting and Analysing a research article - Approaches to Review Paper Writing -
Structure of a research article - Referencing

Module:8 ‘ Guest Lecture from Industry and R&D organizations ‘ 2 hours

Contemporary Issues

Total Lecture hours: ‘ 30 hours

Text Book(s)

1. | Raman, Meenakshi & Sangeeta Sharma. (2015). Technical Cormmunication: Principles
and Practice, (3™ Edition). India: Oxford University Press.

Reference Books

1. | Taylor, Shirley & Chandra V. (2010). Communication for Business A Practical Approach
4" Edition. India: Pearson Longman.

2. | Kumar, Sanjay & Pushpalatha. (2018). English Language and Communication Skills for
Engineers. India: Oxford University Press.

3. | Koneru Aruna. (2020). English Language Skills for Engineers. India: McGraw Hill
Education.

4. | Rizvi, M. Ashraf. (2018). Effective Technical Communication 2" Edition. Chennai:
McGraw Hill Education.

5. | Mishra, Sunitha & Muralikrishna,C. (2014}, Communication Skills for Engineers. India:
Pearson Education.
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6. | Watkins, P. (2018). Teaching and Developing Reading Skills: Cambridge Handbooks for
Language teachers. India: Cambridge University Press.

Mode of Evaluation : CAT / Assignment / Quiz / FAT / Group Discussion

Recommended by Board of Studies 28.06.2021

Approved by Academic Council No. 63 | Date | 23.09.2021
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BENG101P Technical English Communication Lab LIT|P C
0|02 |1
Pre-requisite NIL Syllabus version
1.0
Course Objectives:
1. To use appropriate grammatical structures in professional communication
2. To improve English communication skills for better employability
3.To enhance meaningful communication skills in writing and public speaking
Course Outcomes:
1.Demonstrate professional rhetoric and articulate ideas effectively
2. Interpret material on technology and deliver eloguent presentations
3. Apply receptive and productive skills in real life situations and develop workplace
communication
Indicative Experiments
1. Grammar & Vocabulary
Error Detection
Activity: -Worksheets
2. Listening to Narratives
Interviews of eminent personalities & Ted Talks
Activity: Listening Comprehension / Summarising
3. Video Resume
SWOT Analysis & digital resume techniques
Activity: Preparing a digital résumé for mock interview
4. Product & Process Description
Describing and Sequencing
Activity: Demonstration of product and process
5. Mock Meetings
Types of meetings and meeting etiquette
Activity: Conduct of meetings and drafting minutes of the meeting
6. Reading research article
Scientific and Technical articles
Activity: Writing Literature review
7. Analytical Reading
Case Studies on Communication, Team Building and Leadership
Activity: Group Discussion
8. Presentations
Preparing Conference/Seminar paper
Activity: Individual/ Group presentations
9. Intensive Listening
Scientific documentaries
Activity: Note taking and Summarising
10. | Interview Skills
Interview questions and techniques
Activity: Mock Interviews
Total Laboratory Hours | 30 hours
Mode of Assessment: Continuous Assessment / FAT / Written Assignments / Quiz/ Oral
Presentation and Group Activity.
Recommended by Board of Studies 28.06.2021
Approved by Academic Council No. 63 | Date | 23.09.2021
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BENG102P Technical Report Writing ILTTTPTC

- . 1 . 1 L L . - I 0 I O 12 ]J-
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I 1.0

Course Objectives:

1. To augment specific writing skills for preparing technical reports
2. To think critically, evaluate, analyse general and complex technical information
3. To acquire proficiency in writing and presenting reports

Course Outcomes:

1.Write error free sentences using appropriate grammar, vocabulary and style
2. Synthesize information and concepts in preparing reports
3. Demonstrate the ability to write and present reports on diverse topics

Indicative Experiments i

1.

Advanced Grammar, Vocabulary and Editing

Usage of Tenses - Adjectives and Adverbs - Jargon vs Technical Vocabulary -
Abbreviations - Mechanics of Editing: Punctuation and Proof Reading

Activity: Worksheets

Research and Analyses
Synchronise Technical Details from Newspapers - Magazines - Articles and e-content
Activity: Writing introduction and literature review

Systematisation of Information
Techniques to Converge Objective-Oriented data in Diverse Technical Reports
Activity: Preparing Questionnaire

Data Visualisation
Interpreting Data - Graphs - Tables- Charts - Imagery - Infographics
Activity: Transcoding

Introduction to Reports
Meaning - Definition - Purpose - Characteristics and Types of Reports
Activity: Worksheets on Types of reports

Structure of Reports

Title- Preface- Acknowledgement - AbstracUSummary- Introduction - Materials and
Methods- Results- Discussion - Conclusion - SuggestiongdRecommendations
Activity: Identifying the structure of report

Report Writing
Data Collection - Draft an Outline and Organize Information
Activity: Drafting reports

Supplementary Texts
Appendix- Index- Glossary- References- Bibliography - Notes
Activity: Organizing supplementary texts

Review of Finat Reports
Structure- Content- Style - Layout and Referencing
Activity: Examining clarity and coherence in final reports

Presentation
Presenting Technical Reports
Activity: Planning, creating and digital presentation of reports

Totattaboratory Hours

HEAT LA .

360-hours

Modeofassessment:—Continuous Assessment/ FAT/Assignments/ Quiz/ Presentationst
Oral examination
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BMAT101L Calculus LIT|P|C

31003

Pre-requisite | Nil Syl labus version
1.0

Course Objectives

1. To provide the requisite and relevant background necessary to understand the other
important engineering mathematics courses offered for Engineers and Scientists.

2. To introduce important topics of applied mathematics, namely Single and Multivariable
Calculus and Vector Calculus etc.

3. Enhance to use technology to model the physical situations into mathematical problems,
experiment, interpret results, and verify conclusions.

Course Qutcomes

At the end of the course the student should be able to:

1. Apply single variable differentiation and integration to solve applied preblems in
engineering and find the maxima and minima of functions

2. Evaluate partial derivatives, limits, total differentials, Jacobians, Taylor series and
optimization problems involving several variables with or without constraints

3. Evaluate multiple integrals in Cartesian, Polar, Cylindrical and Spherical coordinates.

4. Use special functions to evaluate various types of integrals.

5. Understand gradient, directional derivatives, divergence, curl, Green’s, Stokes and Gauss
Divergence theorems.

Module:1 | Single Variable Calculus | 8 hours

Differentiation- Extrema on an Interval Rolle’'s Theorem and the Mean value thecrem-
Increasing and decreasing functions.-First derivative test-Second derivative test-Maxima and
Minima-Concavity. Integration-Average function value - Area between curves - Volumes of
solids of revolution.

Module:2 | Multivariable Calculus \ 5 hours

Functions of two variables-limits and continuity-partial derivatives —total differential-Jacobian
and its properties.

Module:3 | Application of Multivariable Calculus \ 5 hours

Taylor's expansion for two variables—maxima and minima—constrained maxima and minima-
Lagrange’s multiplier method.

Module:4 | Multiple integrals | 8 hours

Evaluation of double integrals—change of order of integration—change of variables between
Cartesian and polar co-ordinates - evaluation of triple integrals-change of variables between
Cartesian and cylindrical and spherical co-ordinates.

Module:5 | Special Functions | 6 hours

Beta and Gamma functions—interrelation between beta and gamma functions-evaluation of
multiple integrals using gamma and beta functions. Dirichlet's integral -Error functions
complementary error functions.

Module:6 | Vector Differentiation | 5 hours

Scalar and vector valued functions — gradient, tangent plane—directional derivative-
divergence and curl-scalar and vector potentials. Statement of vector identities-simple
problems.

Module:7 | Vector Integration | 6 hours

Line, surface and veolume integrals - Statement of Green’s, Stoke's and Gauss divergence
theorems -verification and evaluation of vector integrals using them.

Module:8 | Contemporary Topics | 2 hours
Guest lectures from Industry and, Research and Development Organizations
Total Lecture hours: 45 hours
Text Book
1. | George B.Thomas, D.Weir and J. Hass, Thomas Calculus, 2014, 13th edition,
Pearson
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Reference Books

Erwin Kreyszig, Advanced Engineering Mathematics, 2015, 10th Edition, Wiley India

B.S. Grewal, Higher Engineering Mathematics, 2020, 44th Edition, Khanna Publishers

John Bird, Higher Engineering Mathematics, 2017, 6th Edition, Elsevier Limited.

James Stewart, Calculus: Early Transcendental, 2017, 8th edition, Cengage Learning.

SIEISIISIPS

K.A.Stroud and Dexter J. Booth, Engineering Mathematics, 2013, 7th Edition, Palgrave
Macmillan.,

Mode of Evaluation. CAT, Assignment, Quiz and FAT

Recommended by Board of Studies 24.06.2021

Approved by Academic Council No. 63 | Date | 23.09.2021
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BMAT101P Calculus Lab L T|P C

0,021

Pre-requisite NIL Syllabus version
1.0

Course Objectives

1. To familiarize with the basic syntax, semantics and library functions of MATLAB which
serves as a tool not only in calculus but alsc many courses in engineering and sciences
2. To visualize mathematical functions and its related properties.

3. To evaluate single and multiple integrals and understand it graphically.

Course Qutcomes

At the end of the course the student should be able to:

1. Demonstrate MATLAB code for challenging problems in engineering

2. Using plots/displays, interpret and illustrate elementary mathematical functions and
procedures.

Indicative Experiments |

1. | Introduction to MATLAB through matrices and general Syntax

2. | Plotting and visualizing curves and surfaces in MATLAB — Symbolic computations
using MATLAB

Evaluating Extremum of a single variable function

Understanding integration as Area under the curve

Evaluation of Volume by Integrals (Solids of Revolution)

Evaluating maxima and minima of functions of two variables

Applying Lagrange multiplier optimization method

@ N2 oW

Evaluating Volume under surfaces

9 Evaluating triple integrals

10. | Evaluating gradient, curl and divergence

11. | Evaluating line integrals in vectors

12. | Applying Green's theorem to real world problems

Total Laboratory Hours | 30 hours

Text Book

1. | Brian H. Hahn, Daniel T. Valentine, Essential MATLAB for Engineers and
Scientists, Academic Press, 7th edition, 2019.

Reference Books

1. | Amos Gilat, MATLAB: An Introduction with Applications, Wiley, 6/e, 2018.

2 Maritn Brokate, Pammy Manchanda, Abul Hasan Siddiqi, Calculus for Scientists and
Engineers, Springer, 2019

Mode of assessment: DA and FAT

Recommended by Board of Studies 24.06.2021

Approved by Academic Council No. 83 | Date | 23.09.2021
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BMAT102L Differential Equations and Transforms LIT/ P |C
3|10 4
Pre-requisite BMAT101L, BMAT101P Syllabus version
1.0

Course Objectives

1. To impart the knowledge of Laplace transform, an important transform techniques for
Engineers which requires knowledge of integration.

2. Presenting the elementary notions of Fourier series, this is vital in practical harmonic
analysis.

3. Enriching the skills in sclving initial and boundary value problems.

4. Impart the knowledge and application of difference equations and the Z-transform in
discrete systems that are inherent in natural and physical processes.

Course Qutcomes

At the end of the course the student should be able to:

1. Find solution for second and higher order differential equations, formation and
solving partial differential equations.

2. Understand basic concepts of Laplace Transforms and solve problems with periodic
functions, step functions, impulse functions and convolution.

3. Employ the tools of Fourier series and Fourier transforms.

4. Know the techniques of solving differential equations and partial differential

eguations.
5. Know the Z-transform and its application in population dynamics and digital signal
processing.
Module:1 | Ordinary Differential Equations (ODE) | 6 hours

Second order non- homagenous differential equations with constant coefficients- Differential
equations with variable coefficients- method of undetermined coefficients-method of
Variation of parameters-Solving Damped forced oscillations and LCR circuit theory
problems.

Module:2 | Partial Differential Equations (PDE) | 5 hours

Formation of partial differential equations — Singular integrals — Solutions of standard types
of first order partial differential equations — Lagrange’s linear equation-Method of separation
of variables

Module:3 | Laplace Transform | 7 hours

Definition- Properties of Laplace transform-Laplace transform of standard functions - Laplace
transform of periodic functions-Unit step function-Impulse function. Inverse Laplace
transform-Partial fractions method and by Convolution theorem..

Module:4 | Solution to ODE and PDE by Laplace transform | 7 hours

Solution of ODE’s — Non-homogeneous terms involving Heaviside function, Impulse function
- Solving Non-homogenecus system using Laplace transform - solution to First order PDE by
Laplace transform.

Module:5 | Fourier Series | 6 hours

Fourier series - Eulers formulae- Dirichlet's conditions - Change of interval - Half range
series — RMS value — Parseval's identity.

Module:6 | Fourier Transform | 6 hours

Complex Fourier transform - properties - Relation between Fourier and Laplace Transforms-
Fourier sine and cosine transforms — Parseval’s identity- Convolution Theorem and simple
applications to solve PDE.

Module:7 | Z-Transform | 6 hours

Definition of Z-transform and Inverse Z-transform - Standard functions - Partial fractions and
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convolution method. Difference equation - first and second order difference equations with
constant coefficients - solution of simple difference equations using Z-transform.

Module:8 | Contemporary Issues | 2 hours
Total Lecture hours: 45 hours
Total Tutorial hours : 15 hours

Text Book(s)

1. Erwin Kreyszig, Advanced Engineering Mathematics, 2015, 10th Edition, John Wiley

India.
2. B.S. Grewal, Higher Engineering Mathematics, 2020, 44th Edition, Khanna
Publishers.

Reference Books

1. Michael D. Greenberg, Advanced Engineering Mathematics, 2006, 2nd Edition,
Pearson Education, Indian edition,

2. A First Course in Differential Equations with Modelling Applications, Dennis Zill,
2018, 11th Edition, Cengage Publishers.

Mode of Evaluation: CAT, written assignment, Quiz, FAT

Recommended by Board of Studies 24-06-2021

Approved by Academic Council No. 64 | Date | 16-12-2021
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BMAT201L Complex Variables and Linear Algebra L/ T|P|C

3 1]/0 4

Pre-requisite BMAT102L Syllabus version
1.0

Course Objectives

1. To present comprehensive, compact, and integrated treatment of one of the most
important branches of applied mathematics namely Complex variables to the
engineers and the scientists.

2. To present comprehensive, compact, and integrated treatment of another most
important branches of applied mathematics namely Linear Algebra to the engineers
and the scientists.

3. To provide students with a framework of the concepts that will help them to analyse
deeply about many complex problems.

Course Qutcomes

At the end of the course the student should be able to

1. Construct analytic functions and find complex potential of fluid flow and electric fields.
Find the image of straight lines by elementary transformations and to express
analytic functions in power series.

3. Evaluate real integrals using technigues of contour integration.

4. Use the power of inner product and norm for analysis.

5. Use matrices and transformations for solving engineering problems.

Module:1 | Analytic Functions | 7hours

Complex variable - Analytic functions and Cauchy — Riemann equations; Laplace equation
and Harmonic functions; Construction of Harmonic conjugate and analytic functions;
Applications of analytic functions to fluid-flow and electric field problems.

Module:2 | Conformal and Bilinear transformations | 7 hours
Conformal mapping - Elementary transformations; Translation, Magnification, Rotation,
Inversion; Exponential and Square transformations (w = e”, z?: Bilinear transformation:

Cross-ratio-lmages of the regions bounded by straight lines under the above
transformations;

Module:3 | Complex Integration | 7 hours

Functions given by Power Series - Taylor and Laurent series-Singularities - Poles —
Residues; Integration of a complex function along a contour; Statements of Cauchy-Goursat
theorem- Cauchy’'s integral formula-Cauchy’s residue theorem-Evaluation of real integrals-
Indented contour integral.

Module:4 | Vector Spaces | 6 hours

Vector space — subspace; linear combination - span - linearly dependent — Independent —
bases; Dimensions; Finite dimensional vector space. Row and column spaces; Rank and
nullity.

Module:5 | Linear Transformations | 6 hours

Linear transformations — Basic properties; |nvertible linear transformation; Matrices of linear
transformations; Vector space of linear transformations; Change of bases; Similarity.

Module:6 | Inner Product Spaces | 5 hours

Dot products and inner products; Lengths and angles of vectors; Matrix representations of
inner products; Gram - Schmidt — Orthogonalization.

Module:7 | Matrices and System of Equations | 5 hours

Eigenvalues and Eigen vectocrs; Properties of Eigenvalues and Eigen vectors; Cayley-
Hamilton theorem; System of linear equations; Gaussian elimination and Gauss Jordan
methods.

Module:8 | Contemporary issues: | 2 hours
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Total Lecture hours: 45 hours
Total Tutorial hours : 15 hours

Text Book(s)

1.

2.

G. Dennis Zill, Patrick D. Shanahan, A first course in complex analysis with
applications, 2013, 3rd Edition, Jones and Bartlett Publishers Series in Mathematics.
Jin Ho Kwak, Sungpyo Hong, Linear Algebra, 2004, Second edition, Springer.

Reference Books

1.

2.

4.
5

Erwin Kreyszig, Advanced Engineering Mathematics, 2015, 10" Edition, John
Wiley & Sons (Wiley student Edition).

Michael, D. Greenberg, Advanced Engineering Mathematics, 20086, 2™ Edition,
Pearson Education.

Bernard Kolman, David, R. Hill, Introductory Linear Algebra - An applied first course,
2011, 9th Edition Pearson Education.

Gilbert Strang, Introduction to Linear Algebra, 2015, 5th Edition, Cengage Learning
B.S. Grewal, Higher Engineering Mathematics, 2020, 44th Edition, Khanna
Publishers.

Mode of Evaluation: Digital Assignments(Solutions by using soft skill), Quiz, Continuous
Assessments, Final Assessment Test.

Recommended by Board of Studies 24-06-2021

Approved by Academic Council No. 64 | Date | 16-12-2021
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BMAT202L Probabhility and Statistics L|T|P|C

3/0/0)3

Pre-requisite BMAT101L, BMAT101P Syllabus version
1.0

Course Objectives :

1. To provide students with a framework that will help them choose the appropriate
descriptive methods in various data analysis situations.

2. To analyze distributions and relationship of real-time data.

3. To apply estimation and testing methods to make inference and modelling
techniques for decision making.

Course Outcome :

At the end of the course the student should be able to:

1. Compute and interpret descriptive statistics using numerical and graphical
technigues.

2. Understand the basic concepts of random variables and find an appropriate
distribution for analyzing data specific to an experiment,

3. Apply statistical methods like correlation, regression analysis in analyzing,
interpreting experimental data.

4. Make appropriate decisions using statistical inference that is the central to
experimental research,

5. Use statistical methodology and tools in reliability engineering problems.

Module:1 | Introduction to Statistics | 6 hours

Statistics and data analysis; Measures of central tendency, Measure of Dispersion,
Moments-Skewness-Kurtosis (Concepts only).

Module:2 | Random variables | 8 hours

Random variables- Probability mass function, distribution and density functions-Joint
probability distribution and Joint density functions; Marginal, Conditicnal distribution and
Density functions- Mathematical expectation and its properties- Covariance, Moment
generating function.

Module:3 | Correlation and Regression | 4 hours

Correlation and Regression — Rank Correlation; Partial and Multiple correlation; Multiple
regression.

Module:4 | Probability Distributions | 7 hours

Binomial distribution; Poisson distributions; Normal distribution; Gamma distribution;
Exponential distribution; VWeibull distribution.

Module:5 | Hypothesis Testing-l | 4 hours

Testing of hypothesis —Types of errors - Critical region, Procedure for testing of hypothesis-
Large sample tests- Z test for Single Proportion- Difference of Proportion- Mean and
difference of means.

Module:6 | Hypothesis Testing-lI | 9 hours

Small sample tests- Student's t-test, F-test- chi-square test- goodness of fit - independence
of attributes- Design of Experiments - Analysis of variance — One way-Two way-Three way
classifications - CRD-RBD- LSD.

Module:7 | Reliability | 5 hours

Basic concepts- Hazard function-Reliabilities of series and parallel systems- System
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Reliability - Maintainability-Preventive and repair maintenance- Availability.

Module:8 | Contemporary Issues | 2 hours

| Total lecture hours:, l 45 hours

Text Book:

1. R. E. Walpole, R. H. Myers, S. L. Mayers, K. Ye, Probability and Statistics for
gngineers and scientists, 2012, 9" Edition, Pearson Education,

Reference Books

1. Douglas C. Montgomery, George C. Runger, Applied Statistics and Probability for
Engineers, 2016, 6™ Edition, John Wiley & Sons.

2. E. Balagurusamy, Reliability Engineering, 2017, Tata McGraw Hill, Tenth reprint.

3. J. L. Devore, Probability and Statistics, 2012, 8" Edition, Brooks/Cole, Cengage
Learning.

4. R. A. Johnson, Miller Freund's, Probability and Statistics for Engineers, 2011, 8th
edition, Prentice Hall India.

5. Bilal M. Ayyub, Richard H. McCuen, Probability, Statistics and Reliability for
Engineers and Scientists, 2011, 3" edition, CRC press.

Mode of Evaluation: Digital Assignments, Continuocus Assessment Tests, Quiz, Final
Assessment Test.

Recommended by Board of Studies | 24-06-2021

Approved by Academic Council No. 64 | Date | 16-12-2021
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BMAT202P Probability and Statistics Lab LIT|P|C
0j0j2]1
Pre-requisite BMAT101L, BMAT101P Syllabus version
1.0

Course Objectives:

1. To enable the students for having experimental knowledge of basic concepts of
statistics using R programming.

2. To study the relationship of real-time data and decision making through testing
methods using R.

3. To make students capable to do experimental research using statistics in various
engineering problems.

Ccurse Qutcomes:

At the end of the course the student should be able to:

1. Demonstrate R programming for statistical data.
2. Carry out appropriate analysis of statistical methods through experimental techniques
using R.

Indicative Experiments

1. | Introduction: Understanding Data types; importing/exporting data

Computing Summary Statistics /plotting and visualizing data using
Tabulation and Graphical Representations

3. | Applying correlation and simple linear regression model to real

dataset, computing and interpreting the coefficient of determination Total
4, Applying multiple linear regression model to real dataset; computing | Laboratory
and interpreting the multiple coefficients of determination hours: 30

5. | Fitting the probability distributions: Binomial distribution

6. | Normal distribution, Poisson distribution

7. | Testing of hypothesis for one sample mean and propertion from real
time problems

8. | Testing of hypothesis for two sample means and proportion from real
time problems

Applying the t-test for independent and dependent samples

10. | Applying Chi-square test for goodness of fit test and Contingency test
to real dataset

11. | Performing ANOVA for real dataset for Completely randomized
design, Randomized Block design, Latin square Design

Text Book

1. Statistical analysis with R by Joseph Schmuller, John wiley and
sons Inc., New Jersey 2017.

Reference Books:

1. The Book of R: A First course in Programming and Statistics, by Tilman M Davies,
William Pollock, 2016.

2. R for Data Science, by Hadley Wickham and Garrett Grolemund, O’ Reilly Media
Inc., 2017.

Mode of assessment: Continuous assessment, FAT / Oral examination and others

Recommended by Board of Studies | 24-06-2021

Approved by Academic Council No. 64 | Date | 16-12-2021
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Course Code Course Title L| T| P| C

BPHY101L Engineering Physics 3] 0| 0| 3

Pre-requisite NIL Syllabus version
1.0

Course Objectives

1. To explain the dual nature of radiation and matter.

2. To apply Schrodinger6 gquation to solve finite and infinite potential problems and apply
guantum ideas at the nanoscale.

3. To understand the Maxwel | égsations for electromagnetic waves and apply the
concepts to semiconductors for engineering applications.

Course Outcome

At the end of the course the student will be able to
1. Comprehend the phenomenon of waves and electromagnetic waves.
2. Understand the principles of quantum mechanics.
3. Apply quantum mechanical ideas to subatomic domain.
4. Appreciate the fundamental principles of a laser and its types.
5. Design a typical optical fiber communication system using optoelectronic devices.

Module:1 | Introduction to waves | 7 hours
Waves on a string - Wave equation on a string (derivation) - Harmonic waves- reflection and
transmission of waves at a boundary (Qualitative) - Standing waves and their
eigenfrequencies.

Module:2 | Electromagnetic waves | 7 hours

Physics of divergence - gradient and curl - Qualitative understanding of surface and volume
integral - Maxwell Equations (Qualitative) - Displacement current - Electromagnetic wave
eqguation in free space - Plane electromagnetic waves in free space - Hertzd sxperiment.

Module:3 | Elements of quantum mechanics | 6 hours

Need for Quantum Mechanics: Idea of Quantization (Planck and Einstein) - Compton effect
(Qualitative) i de Broglie hypothesis - - Davisson-Germer experiment - Wave function and
probability interpretation - Heisenberg uncertainty principle - Schrédinger wave equation
(time dependent and time independent).

Module: 4 | Applications of quantum mechanics | 5 hours

Eigenvalues and eigenfunction of particle confined in one dimensional box - Basics of
nanophysics - Quantum confinement and nanostructures - Tunnel effect (qualitative) and
scanning tunneling microscope.

Module:5 | Lasers | 6 hours

[Caser characteristics - spafial and temporal coherence - Einstein coefficients and their
significance - Population inversion - two, three and four level systems - Pumping schemes -
threshold gain coefficient - Components of a laser - He-Ne, Nd:YAG and CO2 lasers and
their engineering applications.

Module:6 | Propagation of EM waves In optical fibers | 6 hours

Introduction to optical fiber communication system - light propagation through fibers -
Acceptance angle - Numerical aperture - V-parameter - Types of fibers 1 Attenuation -
Dispersion-intermodal and intramodal. Application of fiber in medicine - Endoscopy.

Module: 7/ | Optoelectronic devices 6 hours

Introduction to semiconductors - direct and indirect bandgap I Sources: LED and laser
diode, Photodetectors: PN and PIN.

ivioduleo | contemporary ISSUES | Znours

Total Cecture hours: 45 hours
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Textbook(s)

1.

2.

H. D. Young and R. A. Freedman, University Physics with Modern Physics, 2020, 15"
Edition, Pearson, USA.

D. K. Mynbaev and Lowell L. Scheiner, Fiber Optic Communication Technology, 2011,
1% Edition, Pearson, USA

Reference Books

1. [ H. J. Pain, The Physics of vibrations and waves, 2013, 6" Edition, Wiley Publications,
India.

2. | R. A. Serway, J. W. Jewett, Jr, Physics for Scientists and Engineers with Modern
Physics, 2019, 10™ Edition, Cengage Learning, USA.

3. K. Krane, Modern Physics, 2020, 4" Edition, Wiley Edition, India.

4. | M.N.O. Sadiku, Principles of Electromagnetics, 2015, 6" Edition, Oxford University
Press, India.

5. | W. Silfvast, Laser Fundamentals, 2012, 2" Edition, Cambridge University Press, India.

Mode of Evaluation: Written assignment, Quiz, CAT and FAT

Recommended by Board of Studies 26-06-2021

Approved by Academic Council No. 63 | Date | 23-09-2021
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BPHY101P Engineering Physics Lab L T|P|C

0,0 2|1

Pre-requisite 12" or equivalent Syl labus version
1.0

Course Objectives

To apply theoretical knowledge gained in the theory course and get hands-on experience of
the topics.

Course Qutcome

At the end of the course the student will be able to

Comprehend the dual nature of radiation and matter by means of experiments.

2. Get hands-on experience on the topics of quantum mechanical ideas in the

laboratory.

3. Apply low power lasers in optics and optical fiber related experiments.

Indicative Experiments

1. | To determine the dependence of fundamental frequency with the length and tension of
a stretched string using sonometer.

2. | To determine the characteristics of EM waves using Hertz experiment

3. | To determine the wavelength of laser source (He-Ne laser and diode lasers of different
wavelengths) using diffraction grating

4. | To demonstrate the wave nature of electron by diffraction through graphite sheet

5. | To determine the Planck’s constant using electroluminescence process

6. | To numerically demonstrate the discrete energy levels and the wavefunctions using
Schrédinger equation (e.q., particle in a box problem can be given as an assignment)

7. | To determine the refractive index of a prism using spectrometer (angle of prism will be
given)

8. | To determine the efficiency of a solar cell

9. | To determine the acceptance angle and numerical aperture of an optical fiber

10. | To demonstrate the phase velocity and group velocity {simulation)

Total Laboratory Hours | 30 hours

Mode of assessment: Continuous assessment / FAT / Oral examination

Recommended by Board of Studies 26.06.2021

Approved by Academic Council No. 63 | Date | 23.09.2021
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BSTS101P Quantitative Skills Practice | LT P|C

0(0|3|15

Pre-requisite Nil Syllabus version
1.0

Course Objectives:

1. To enhance the logical reasoning skills of the students and help them improve
problem-solving abilities

2. To acquire skills required to solve quantitative aptitude problems

3. To boost the verbal ability of the students for academic and professional purposes

Course Qutcomes:

1. Exhibit sound knowledge to solve problems of Quantitative Aptitude
2. Demonstrate ability to solve problems of Logical Reasoning
3. Display the ability to tackle gquestions of Verbal Ability

Module:1 | Logical Reasoning | 5 hours

Word group categorization questions
Puzzle type class involving students grouping words into right group orders of logical sense
Cryptarithmetic

Module :2 | Data arrangements and Blood relations \ 6 hours

Linear Arrangement - Circular Arrangement - Multi-dimensional Arrangement - Blood
Relations

Module:3 | Ratio and Proportion | 6 hours
Ratio - Proportion - Variation - Simple equations - Problems on Ages - Mixtures and
alligations

Module:4 | Percentages, Simple and Compound Interest \ 6 hours

Percentages as Fractions and Decimals - Percentage Increase / Decrease - Simple Interest
- Compound Interest - Relation Between Simple and Compound Interest

Module:5 | Number System | 6 hours
Number system- Power cycle - Remainder cycle - Factors, Multiples - HCF and LCM
Module:6 | Essential grammar for Placement \ 7 hours

e Prepositions

Adjectives and Adverbs

Tense

Speech and Voice

Idioms and Phrasal Verbs
Collocations, Gerunds and Infinitives
Definite and Indefinite Articles
Omission of Articles

Prepositions

Compound Prepesitions and Prepositional Phrases
e Interrogatives

Module:7 | Reading Comprehension for Placement | 3 hours
Types of questions - Comprehension strategies - Practice exercises
Module:8 | Vocabulary for Placement | 6 hours

Exposure to questions related to Synonyms — Antonyms — Analogy - Confusing words -
Spelling correctness

Total Lecture hours: 45 hours

Text Book(s)

1. | SMART. (2018). Place Mentor 1* (Ed.). Chennai: Oxford University Press.

2. | Aggarwal R.S. (2017). Quantitative Aptitude for Competitive Examinations 30 (Ed.).
New Delhi: S. Chand Publishing.
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3. | FACE. (2018). Aptipedia Aptitude Encyclopedia 1*' (Ed.). New Delhi: Wiley
Publications.
4. | ETHNUS. (2016). Aptimithra,1* (Ed.) Bangalore: McGraw-Hill Education Pvt. Ltd.

Reference Books
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