Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B. Tech. (Artificial Intelligence) and M. Tech. (Artificial Intelligence)

Sr. Subject Code | Scheme | Credits | Notional
No. L-T-P | (Min.}) | Hours of
Learning
(Approx.)
First Semester (1* year of IPG)
|1 | Fundamentals of Computerand Programming [ 1A101 | 3-0-2 4 |8 |
2 Fundamentals of Engineering Mathematics MA105 | 3-1-0 4 70
3 Linear Algebra and Statistics MAll6e | 3-1-0 4 70
4 English and Professional Communication HS110 | 3-1-0 4 70
s Basic Electrical and Electronic Engineering IA105 3-0-2 4 |85
______ } Total | 20 | 380
6 Vocational Training/Professional Experience IAVO1/ | 0-0-10 5 200
(Optional) {Mandatory for Exit) IAPO1 (20x10)
_ Second Semester (1%'year of IPG) -
|1 | Data Structures A102 [302 | 4 [100
| 2| Object Oriented Programming IA108 | 3-0-2 4 |8 |
3 Energy and Environmental Engineering EG110 | 3-0-2 4 85
4 | Discrete Mathematics MA106 | 3-1-0 4 |70
5 Digital Electronics and Logic Design EC106 | 3-0-2 4 85
6 Indian Value System and Social Consciousness HS120 | 2-0-0 2 35
' Total | 22 | 460
7 Vocational Training/Professional Experience IAV02/ | 0-0-10 5 200
(Optional){Mandatory for Exit) IAPO2 | | (20x10)
B Third Semester (2" year of IPG) -
(1 | Computer Organization 1A201 [ 3-00 3 |70
2 | Database Management Systems 1A203 | 3-0-2 4 |8 |
3 Design and Analysis of Algorithms 1A205 | 3-1-0 4 0
4 Signals and Systems EC203 | 3-1-0 4 70
5 Automata and Formal Languages IA211 3-1-0 4 70
| Total | 23 | 365
i Fourth Semester (2" yearof IPG) _
1 Artificial Intelligence 1A202 310 41__ 85
|2 | Operating Systems 1A204 | 3-0-2 4 |85
3 | Machine Learning | 1A206 | 3-0-2 4 85
4 | Computer Networks IA208 | 3-0-2 4 |85
5 Data Science 1A212 3-0-0 3 70
Total 19 410
7 Minor/Honor (M/H#1) B IA2AA | 3-X-X 3/4 | 55/70/85
?'_l Vocational Training/Professional Experience IAV04/ | 0-0-10 a 5 1200
(Optional){Mandatory for Exit) IAPO4 (20x10)
Fifth Semester (3" year of IPG)
1 | Deep Learning a IA301 | 3-0-2 4 ]85
2 | Cloud Computing IA303 | 3-0-2 4 |85
E_ Information Security and Cryptography IA309 3-1-0 4 | 70
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artlflual Intelllgence

4 | Elective B IA3AA [ 3-X-X 3 |55/70/85
|5 | Elective (Specialization#1) IA3BB | 3-X-X 3 | 55/70/85
6 Linear and Nonlinear Optimization IA307 3-1-0 4 70
Total 22 420-480
| 7| Minor/Honor (M/H#2) IA3CC | 3-X-X 4 | 70/85
| sixth Semester(3" year of IPG)
1 High Performance Computing IA302 3-0-2 4 a5
2 Cyber Physical System IA304 3-0-2 4 85
3 Big Data Analytics and Visualization IA306 | 3-0-2 4 85
4 | Elective - _ | 1A3DD | 3-XX 3 |55/70/85
5 | Elective (Specialization#2) | IA3EE | 3-X-X 3 | 55/70/85
6 Image Processing and Computer Vision IA308 3-0-2 4 a5
B Total 22 | 450-510
|7 Minor{Honor (M/H#3) IA3FF 3-X-X 3/4 70/85
8 Vocational Training/Professional Experience IAVO6/ | 0-0-10 5 200
(Optional) (Mandatory for Exit) IAPO6 (20x10)
Seventh Semester (4™ year of IPG) ' -
1 Research Methodology B IA403 1-1-0 2 35
2 Robotics and Applications |n40s 3-0-2 4 85
3 | Elective IA4BB | 3-X-X 3 |55/70/85
4 | Elective (Specialization#3) IA4CC | 3-X-X 3 |55/70/85
5 | Elective (Specialization#4) IA4DD | 3-X-X 3 | s5/70/85
|6 | Minor Project-| 1A407 | 0-0-10 5 | 150
o Total 20 | 435-525
8 Minor/Honor (-I\;?/H#{lﬂ) IAAEE 3-X-X 3/4 55/70/85
Eighth Semester (4" year of IPG)
1 Intelligent Multiagent and Expert Systems 1A402 3-0-2 4 85
-__2 Professonal Ethics, Business and Entrepreneurshlp HUXXX | 3-0-0 3 |70 ]
| 3 | Human Computer Interaction 1A404 3-0-0 3 70
4 Elective IA406 | 3-X-X 3 55/70/85
5 Elective IA408 | 3-X-X 3 55/70/85
6 Minor Project-Il IA412 0-0-10 5 150
Total 21 485-545
:_ Ninth Semester (5" year of IPG) o
1 | MoOC IA501 | 2-0-0 EE
2 M.Tech. Thesis Part- | IA505 0-0-36 18 540
| Total 20 [ 575
Tenth Semester (5™ year of IPG)
1 M.Tech. Thesis Part-Il IAS02 0-0-40 20 600
I Total 20 | 600 |
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sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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Integrated B.?éch.+M.Tech.I(f\i}Semeﬂéf»-! Scheme L - T P Credit
FUNDAMENTAL OF COMPUTER AND PROGRAMMING I |
1A101 ‘

‘1. | course Outcomes (COs): - e ]
At the end of the course, students will be able to

' CO1 | Understand the bééi_ﬁdncaptsuc;fm"con‘.puters and proéramhing.

o2 | Ap;iiy theindw_l_éaéé of C Programming to so!v-é-'cornﬁUtaTo_na_l-[Tral-J_lmns. -

Co3 ijebug, test, and anaiyéé?ﬁrogram;t_é_f'i"r{d and céfréci errors and i'mproue the solutions.

CO4 | Learn various programming techniques such as iteration and recursion, and apply them to solve
computational problems.

CO5 | Learn and apply the ad'v_a_ﬁ{cai"-;Sa-fogrammih_g ' conceptsﬂ such as _.h’iddll?éﬂI‘izatEOI%,_”I-'l:l-é.I'li-OF,!_
management, and file handling to improve the efficiency of computational problems.

2. | Syllabus

INTRODUCTION TO COMPUTER ARCHITECTURE AND OPERATING SYSTEM (05 Hours)

Computer Architecture, Input unit, Output unit, Storage Unit, Central Processing Unit,
Introduction of Operating System, Function OS, Unix Commands.

OVERVIEW OF C PROGRAMMING LANGUAGE {04 Hours)

- -C-c;r;ce_m_s_(_j_f_i-_{-iéh—tevel, Aséemhly And Low-Level Languages, Hi.s_t_c.)r_v_of C, 2mbortahcﬁ of C, Répresenting
Algorithms through Pseudocode and Flowchart, Basic Structure of a C Program, How to Compile a C
Program, How to Run a C Program, Sample Programs.

‘_ (02. Ho u:’s.)

CONSTANTS, VARIABLES, AND DATA TYPES
1 _Ché'ra_ctér Set"i'n C, Ké@&fds?!ﬂentiﬁers, Constants, Strings, 6[Jera1t0rs, Speciéi S\;'ihb_(_ﬂ?, ;farim; D_a_té
Types: Primary Data Types and User Defined Data Types, Declaration of Variables, Assigning Values to
Variables, Initialization of Variables, Defining Symbolic Constants, Declaring Variables as Constants.

'OPERATORS, EXPRESSIONS AND LIBRARY FUNCTIONS (04 Hours) |

Operators: Arithmetic, Relational, Logical, Assignment, Increment and Decrement, Conditional, Bitwise,
Comma Operator, sizeof Operator, Operators used in Pointers and Structures, Arithmetic Expressions,
How C programming Evaluates Arithmetic Expressions, Precedence of Arithmetic Operators and
Associativity Rule, Type Conversion: Implicit and Explicit. Reading Character from Keyboard, Printing
Character on Screen, Reading String from Keyboard, Printing String on Screen, Formatting input and

Subject Code: #HinXX; #if: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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| Output, Math Functions.

DECISION MAKING, BRANCHING, AND LOOPING l (06 Hours)

Conditional Operator Statement, Goto Statement, Decision Making with Logical Operators, Sample
Programs. Introduction to Loops, While Loop, Do While Loop, For Loop, Break Statement, Goto
Statement, Continue Statement, Sample Programs.

ARRAYS AND CHARACTER ARRAYS
_Iriroduction to Arrays, One Dimensidr-{a! .Array, Declaration and Initialization of One Dimensional Array,
Two Dimensional Array, Declaration and Initialization of Two Dimensionatl Array, Multi-Dimensional Array,
Sample Programs, Declaration and Initialization of Strings, Arithmetic Operations on Characters, String

Functions: Strlen(), Strcat(), Strcpy(), Strstr(), Stremp(), etc.

‘ (05 Hours) |

FUNCTIONS ’ (05 Hours)

Function Declaration, Function Definition, Function Calls, Functions with No Arguments and No Return
Values, Functions with Arguments and No Return Values, Functions with No Arguments and Return
Values, Functions with Arguments and Return Values, Recursive Functions, Passing Arrays to Functions,
Call by Value, Call by Reference, Scope and Lifetime of Functions: Local, Global, Static, and Register
Declaration.

STRUCTURES AND UNIONS ' - | (04 Hours)

aruclure%;n;ﬂate, Structure Variable Declérétion and Initialization, Structure Variahle.-Assignment,.
Accessing Structure Variables, Arrays as Structure, Arrays with Structures, Passing Structure Members to
Functions, Unions, Difference Between Structures and Unions, Bit Fields.

| POINTERS AND MEMORY MANAGEMENT l (05 Hours)

Declaration and Initialization of Pointers, Accessing Memaory through Pointers, Pointer to Pointer, Pointer
Arithmetic, Dynamic Memory Allocation, Memory Management Functions: Malloc, Calloc, and Free,
Using Pointers to Access Dynamically Allocated Memory Locations, Pointers with Arrays, Function and
Structure, Use of Pointers to Return Multiple Values From Functions.

(05 Hours)

| FILE MANAGEMENT AND PREPROCESSOR

Opening and Closing a File, Modes in File Opening: Read, Write and Append, Input and Output,
Operations on Files, File Handling Functions such as fseek(), ftell(), rewind(). Pre-processor directives,
Macra Substitution, Importing a File, Compiler Control Directives, Command Line arguments

| Practicals will be based on the coverage of the ahove topics separately. ‘ (30 Hot:ré)_
|

(Tot'éi Contact Time: 45 Hours + 30 Hours = 75 H(;rs}

Subject Code: #nXX; Hit: Department Identity, n: Year, XX: Subject Sequence number XX: fast digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for QDD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/Hi11-4), Subjects list for Specialization track (##1-4) EG: Engineering Subject,
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| Expenments with If, Else If Swatch Goto statements

Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Practical
C Programmm{, -How towrite a pr O{fram romplle a program and oxecute aprogram

Read the input from a keylmard and write the output to compuier screen

Variable declaration, |n|t|ahzdt:on m_d;mgnment Constant declaration, Experiments with

 different data types

Expenments with different ¢ Operators /\naiysmg the ampact of | brecedence and assouatimty
rules while evaluatmg expressions in C

' Expenrﬁenls with standard Ilbrar\,;r functions related to math Ilbrary, time library, standard input h

| and output Ilbrary etc.

Experiments with Whlle, Do...While, For Loops, and analysmg the |mpact of Break Goto and |
Continue statements on C Loops

| Register Declaration

Experiments w wlth Arrays and Character Arrays
Experiments with Different Functions having Arguments/No Arguments and Return Values/No
Return Values, Scope and Lifetime of Functions, and Understanding lLocal, Global, Static, and

Experlments with Structures and Unions, Analysmg the difference between the structure and
| union with respect to memory

txperlments with Pointers with respr::&_to Accessmg, Memcrv y from the Stack and Heap Section of
the RAM (i.e., Experiments with Static and Dynamic Memory Management)

‘Opening, Closing the Files using a C program, and accessing the files to get the input from the file
and store the output to the file.

[xperlmems with pre-processor dlrectlves

Books Recommended

Introduction to Com puter Sue_ncé Fourth Impression, Pearson Education, ITL Edu'éat_idhs-olnutio'r;'s
Limited, 2009.

Nell Dale and John Lewis, “Computer Science llluminated”, Jones and Bartlett Publishers.

E. Balagurusamy, “Programming in ANSI C”, Mc-Graw Hill

Brian W, Kernlghan / Dennis. R|trh|e “The C Programmmg Language" Pearson,

_Ya.s.',havan_t.K;'li;netkar, “Letus C'_’: -E_B-PB Publications.

Harbison and Steele, “C: A Reference Manual”
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(subject offered in both ODD and EVEN semesters, XX: 01 to 30— last digit ODD and EVEN for ODD and
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
Integrated'B-.Téﬁfl.-rl\ﬂ.'l‘ech. 1{Al) Semester — | Scheme L T P Credit
- FUNDAMENTALS OF ENGINEERING MATHEMATICS ; :
iMMOS

1. | Course Outcomes (COs):
|| Atthe end of the course, the students will be able to B
COl | Accept the chal!enge to solve the problem with Mathematics.

co2 _'Applv the knowled{,e of curve tracmg to solve problom of englneerlm1

CcO3 ldentifv, formulate and analyze complex engineerinp ‘and affiliated field problems,
_ specifically the differential equation concept in different engineering fi field.
CO4 | Apply the knowledge of mathematics for model and analyze computational processes usmg
| analytic and combinatorial methods - -
CO5 De5|gn solutions engmeermg industrial probleme with effective mathematical skill.

2. | Syllabus

DIFFERENTIAL CALCULUS {09 Hours)

leferentlatlon of Hyperbollc ';nd Envmsp Hyperbollc functlons Successwe D!I’ferenttdtmn, standard
forms, Leibnitz’s theorem and applications, Power series, Expansion of functions, Taylor’s and
Maclaurin’s series. Curvature, Radius of curvature for Cartesian curve with application.

(09 Hours)

PARTIAL DIFFERI-NTI!\L CALCUt US

Partlal drfferentlatlon Eulee S thcorem for homoPenPoua function, MOdIfIPd Euler 5 theorem, Taylor's
and Maclaurin’s series for two variables. Tangent plane and Normal line, Error and Approximation,
Jacobians with properties, Extreme values of function of two variables, Lagrange’s methods of

undetermined mu!tipliers.

CURVE TRACING l (06 Hours)

Cart&‘smn, pohr ;md paramptrlc form of shndard curves.

ORDINNW DIFFFREM IAL EQUATION | (09 HOL"’S}

Reonentatson of dlfferennal Pf]lﬂtl(m first order first de;,ree, oxact ddferenttal equation and
Integrating factors, first order higher degree odes, solvable for p, y and x, Solution of homogenous
equations higher order, complementary functions, Particular Integrals, Linear differential equation
with variable coefficient, Cauchy’s Euler and Legendre’s equation with variable coefficient, Method of
| variation of parameters. )

APPLICATION OF DlFFERENT!AL EQUATION (MA[H[:MATICAL NIODELLING) ‘ (06 Hours)

Modeilmg of Realworld problems particularly I:ng,meermg System Electncal network models (LCR),
spread of epidemic (S, SIS, SIR), Newton'’s Law of cooling, Compartment modelling, Bending of beam

madels.
—Subject Code: XX, #i: Department Identity, n Year, XX Subject Sequence number XX last digito——

{subject offered in both QDD and EVEN semesters, XX: 01 to 30— last digit ODD and EVEN for ODD and
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for Minor and Honor (M/H#!1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject {offered combinedly by departments) (SVNIT Surat)

/& J ’5\
@ ?{fw{"fj" \

M/

-

”?5-/”; -



Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artlfacmi Intelligence

SERIES SOLUTION AND SPECIAL FUNCTIONS (06 Hours)
Regular point, Singular point, series solution of ODE of 2nd order with variable coefficient with special
emphasis to differential equation of Legendre’s and Bessel's for different cases of roots of indicial
equations.

; Tutorials will be based on the couerﬂge of the above topics separately i {15 Hours)

!l ( rotal Contact Tlme a5 Hours + 15 Hours = 60 Hours)

Tutorral_xﬁllbe réiafed to Diffeféhtial éaiculus.m-

| Tutorial will be on Radius of curvature for Cartesian curve with 5pplicati0n.

3 | Tutorial will be on different ékaniblés of Partial Différé_fwtial Calculus. - T

4 Tutorial will be on Extreme values of function of two variables,

5 Tutorial will be on Curve Fitting.

6 | Tutorial will cover Ordinary differential equations.

7 | Tutorial will be on examples of Higher order Ordinary differential equations.
8 | Tutorial will be on examples of Application of Ordinary differential equatloigm_m i

9 Tutorial will be on Series solution with ordlnarv pomt

10 | Tutorial will be on with Series solution with regu!a: sm[,ular point

4. [ Books Recommended S ——

1 | James Stewart ”Calculus Thomson Asia, Singapore, 2003.

2 Kreyszing E., “Advanced Engmeermg Mathemaiics” John Wlley & Sori‘;_ Sangapo_re Int,
Student Ed. 2015,

3 | Wiley C. R, “Advanced Engineering Mathematics”, McGraw Hill Inc.,, New York Ed. 1993.

4 f. B. Hilderband, “Methods of Applied mathematics”, PHI, New Delhi, 1968

5 _h_é-n-{ana DV_,”Higher Engg. Méihematics", 'l"hé McGraw-Hill |I‘|C,NGW[)E||1I, 2_007 "

'ADDITIONAL REFERENCE BOOKS
1 Srlmanim Subodh C.'-Iihljﬂi'a,_"&'_hgi'neering_ I\_A_éfhéﬁﬁatics Oxford Umvé?s—l{y Press:_New
Delhi, 2015,
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
2 Bali and Iyengar, "Engineering Mathematics”, Laxmi Pul)licationg, New Delhi, 2004.

3 Mary L. Boas, “Mathematical Methods in the Physical Sciences”, John Wiley & Sons, £d.2005 I

Subject Code: HiinXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both QDD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and
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for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, t\{ﬁ/,
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sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artlflcml Intell:gence

_Integrated B.Tech.+M.Tech. | (Al) Semester —~ | . Schomol LT P Credit

co2|
O3

LINEAR ALGEBRA AND STATISTICS | E _ :
mAle |3 1|0 04

cot |

Co4
OS5

_id'éh_tﬂ%f'rﬁulaté and a'na'l'y;e_cdhipiex engi_ncei'_i'nénéhd affiliated field ';_)_r_di}_lé_ms, spe_cif_iT:Eil_\;“the

Syllabus

Course'Outcomes (COs): -
At the end of the course, students will be able to -
accept the challenge to solve the problem with statistics

a;}ply the knowledge of Linear Algebra to solve problem of engi_h_ééring.

Partial differential equation concept in different engineering field
apply the knowledge of vector calculus and analyze computational processe

tlesign solutions to work on engineering industrial problems with effective mathematical skill.

PROBABILITY THEORY AND RANDM PROCESS {09 Hours)

Fundamenta!q of Probabl%lw Theory - views of probabillty, Random uanables and Jomt dlstributlons
Marginal distribution, Conditional probability, Conditional zndependence Expectation and variance,
Probability distributions Central limit theorem, Functions of random variable, Sum of independent
random variable, Correlation and regression, Random process, Stationary random process,
Autocorrelation and cross correlation, Ergodic process, Markov process, Birth and death process,
Poisson process, Markov chain, Chapman Kolmogorov theory, Spectral analysis of random processes,
power spectral density.

ESTIMATION AND STATISTICS l (08 Hours)

S‘impllng theory, Populatlon 'md samp!e Statistical interference, Sampfmg dlstnbutaon Sample mean,
Bias estimation, Unbiased estimator, Confidence interval, Point estimation and interval estimates,
Statistical decision, Hypothesis testing, Statistical hypotheses, Null hypotheses, Significance test, Type |
and types Il errors, Level of significance, One tail and two tailed test, Chi square test, Maximum
likelihood estimate, Least square estimate, MAP estimate, Minimum mean square estimate.

IN'I RODUCT[ON TO PARTIAL DiFFEREN MAL EQUATION

Introductlen to Paltni dlfferentlat equation, Formation of partial dlfferentlal {quatlon Partial
differential Equation of first order, Linear partial differential equation of first order (Pp + Qg =R} and
method of obtaining its general solution, Non-linear partial differential equation of first order f(p,
a)=0, f(z, p, a)=0, f(x, p)=g(y, a), 2= px + ay + f(p,q).

]I BASIC CONCEPTS OF VECTOR CALCULUS \ (08 Hours)

(0‘} Huurs)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial 1nte|llgonce

St,dlar and veclor point functian, differential operator, gradient, dnorimnal Llerzvatlve diverpence, curl
and Laplacian operator with their properties,

LINEAR ALGEBRA { (11 Hours]

Lmear svstems, Liementary row and column transformation, rank of matrix, consistency of linear
system of equations, Linear Independence and Dependence of vectors, Gauss Elimination method,
Gauss-Jorden Method, Gauss-Jacobi lteration Method; Vector spaces, Subspace, Field, Ring, Norm and
distance, linear Mapping, Orthogonality, Eigenvectors and Eigenvalues, Least square, Least square
data fitting, Constrained least square applications.

Tutorials will be based on the coverage of the above topics separately. {15 Hours)

w N

- w

|

|
1628

£n

Tutorial will covered on basics of Vector calculus.,

Tutorial will be on examples Liner alpebm

_ Wiley C. R., ‘?xdva'hcedml-ﬂiéiHéériﬁé Mat'hematic”s_”_, McGraw Hill Inc.,ﬁe_\& York Ed. 1993,

- ﬁapé[ﬁi_suén-d S.--lj;_ﬁil_lai, ”Probability, Random Variables and Stochastic Processes’;, Ath Ea Mc-

Tutorials

| Tutorial will be related to Prohabllltv theory

Tutorial will be on Randomness.

Tutorial will be on Estimation theory

Tutorial will be on Partial differential Equation,

| Tutorial will be on speciéi type of Partial differential Equation.

Tutorial will be on anmples of d dwergencc, curl and Laplauan operator

Kreyszing E., “Ndvanced E ngmcenng Mathematics”, John Wiley & Sons Smgapore Int. Student Ed.
2015,

- '_Gi'il')e?gfr'aE;é:ﬁﬁt_rbduttibh to Linear Ngél)r_a_’f\;‘jél'lésley Caihb_ri{fge Préss, 4th Ed., 2009,

| David C. Lay, “Linear _Algéhra and its appli_c_a_ti_dhs", 3rd E_(-i.,_Pegrsdn, 2006,

Subject Code; HiNXX; #il: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
{subject offered in both ODD and EVEN semesters, XX: 01 to 30— last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core}, XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/Hit1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject
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~

RS

-./ ()‘5

@ <<~(0‘{ L t'\\ W
X

(Total Contact Time: 45 Hours + 15 Hours = 60 Hours)

v



Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
~ Graw Hill, 2002. "

‘_1 | Ramana D. V., “Higher Engg. Matheméﬁcs”, McGraw-Hill ir'l'é.:"ﬂlew Delhi, 2007,

2015.

'3 _I\fl'élr\}_L_._Eaa?Mét'ﬁematicai__ﬁ_dt_!_tﬁdds in the Ph;,!é'._i-cal Sciences”, John Wilev_-& Sons, Ed.2005.

Subject Code: HHnXX; #it: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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ENGLISH AND PROFESSIONAL COMMUNICATION

HS1

Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial %ntelllgence

grated B.Tech.+M.Tech. | {Al) Semester |

-

scheme | | ¢ credit

| Course Outcomes (COs)
| Atthe end of the course, the students will be able to e
show enhanced reception towards the use of I*ngllsh Iangua{,e

choose and employ appropriate words for professional communication.

demonstmte overall nnprovemenl in oml communication.

analvze and infer from written and oral messages.

2. Syliabus

COMMUNICATION (0‘5 Hours)

Introductlon to Communlcat:on Different forms of Communication, Barrlers to
Communication and some remedies, Non-Verbal Communication - Types, Non-Verbal
Communication in Intercultural Context.

VOCABULARY AND USAGE OF WORDS ‘ {05 Hours)

C(Jmmon Errors, Synonyms Antonvms Hbrnu.phnnes,” and Homonw;{s; One Word
Substitution; Misappropriations; Indianisms; Redundant Words.

I.ANGUAGE TH ROUGH LITERATURE 1 (09 Hours)

Se!ectLd 5hort stones Pssayx and poems t0 dlscuss nuances of anl:sh language.

LISTENING AND READING SKILLS T (06 Hours)

Types of listening, Modes of  Listening-Active and Passive, Lv;temng and note rakmp

practice, Practice and activities

Reading Comprehension (unseen passage- literary /scientific/technical) Skimming and
scanning, fact vs opinion, Comprehension practice

SPEAKING SKILLS

(10 Hours)

Effective Speakmg, JAM Presentatlon Skills- types, ;Jreparatlon and practtce Interviews-
types, preparation and mock interview; Group Discussion- types, preparation and practice

WRITING SKILLS ( (10 Hours)

Subject Code: h‘HnXX fhit: Depa;tment Identity, n: Year, XX: Subjut Sequonce numhet XX: Iast drgltﬂ
(subject offered in hoth ODD and EVEN semesters, XX: 01 to 30— last digit ODD and EVEN for ODD and
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Prerequisites of effective wriling, Memo-types, Letter Writing- types, Email etiquette and
Netiquette, Résumeé-lypes, Report Writing and its types, Editing.
I Tutorials will be based on the coverage of the above topics separately (15 Hours)
i {Total Contact Time: 45 Hours + 15 Haurs 60 Hours}
o N— B
3. | Tutorials - -
1 | Letter and Resume - - -
2 GIrOI;I;J- Discussion o .
3 | Presentation Skills (Individual) -
4 | Role Play on Nonverbal communication o _
'S | Group Presentation - S
7 'Bocivlé_hgijé_ge and intercultural communication ' i )
8 Liétening Activities - o -
9 |Eding - - -
10 | Report Writing : ' ' '
1| Mokinterviews ’
12 o o o
_4 Books Recommended o )
1 Kumdr Sanjay and Pushp, Lata Conun_y_r_m_.'c_‘_at.'on Skr.-'fs, P }-dmon OUP, New De%hl, 2015. 5.
2 Raman Meenakshi & Sharma Sangﬁeta Technical Communication Prmc.'p!ﬂ and Practice, 3
_ Edition, OUPp, NgiD_e_Ihl 2015. -
3 Raym{)nd V. Lesikar and Marie E Flatley. Basic Business Communication skills for f-mpowmmg
the Internet generation. Tata McGraw Hill publishing company limited. New Delhi 2005.
4 | Courtland 1. Bovee, John V. Thill, and Mukesh Chaturvedi. “Business Communication roday
| Ninth Edition. Pearson, 2009. -
s | Mike Markel. “Practical Stratepnes for Technical Communlcwtlon " Bedford/ St. Martin's Second
] Edition, 2016 - e
6 | laura J. Gurak and John M. Lannon. “Strategies for Technical Communlcallon in %he
] Workplq_ce,“ pearson, 2013, B ’
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG | (Al) Semester ~ | o - 1715 Eredit |

BASIC OF ELECTRICAL AND ELECTRONICS ENGINEERING - _

IA105 3,102 04
Scheme

1. Course Outcomes (COs): o . ” ) ]

At the end of the course, students will be able to

CO1 | Understand Basic Electrical Concepts — Explain circuit components, Ohm’s law, Kirchhoff's laws, and
B AC/DC circuit behavior.

CO2 | Analyze Circuits Using Network Theorems — Apply Thevenin’s, Norton’s, Superposition, and other
theorems for circuit analysis.

CO3 | Analyze single-phase AC circuits and compute electrical quantltles using RMS, average values, and power

| factor concepts.

CO4 | Explain the working pnnoples and characteristics of semiconductor devices and integrated circuits, and
apply them in designing basic analog electronic circuits including amplifiers, oscillators, multivibrators,
and timer-based applications.

CO5 | Use Electrical Measurement Instruments — Operate mu1t|meters, oscnloscopes and transducers for
measuring electrical parameters.

| 2. | Syllabus _ | ]
Basic Electrical Engmeermg Concepts, Laws and Pnncmles (07 Hours)

Introduction to Electrical Engineering, Current and Voltage sources, Resistance, Inductance, and
Capacitance. Ohm’s law, Kirchhoff’s law, Work, Energy and Power, Electric Current, Resistance, Potential,
and Potential Difference, Electromagnetism and Electromagnetic Induction, Faraday’s Laws of
Electromagnetic Induction, Magnetic Circuits, Self and Mutual Inductance, Series and parallel combination
of R, L, C components. Voltage Divider and Current Divider Rules. Energy Stored in a Capacitor, Capacitor
in Parallel and in Series, Sinusoidal voltage and current, Introduction to 3-phase systems, Electric Grids.

DC Networks, Network Theorems and Circuit Analysis (08 Hours)

DC Network Terminologies, Voltage, and Current Sources, Series-Parallel Circuits, Kirchhoff’s Current Law
Kirchhoff’s Voltage Law, Solution of Simultaneous Equations Using Cramer’s Rule, Maxwell’'s Mesh Current
Method, Nodal Voltage Method (Nodal Analysis), Network Theorems, Superposition Theorem, Thevenin's
Theorem, Norton’s Theorem, Millman’s Theorem, Maximum Power Transfer Theorem, Star-Delta
Transformation, DC Transients- Transient in R-L Circuit, Transient in R-C Circuit.

AC Fundamentals and Single-phase Circuits (08 Hours)

Introduction, Generation of Alternating Voltage in an Elementary, Generator, Concept of Frequency, Cycle,
Time Period, Instantaneous, Value, Average Value, and Maximum Value, Sinusoidal and Non-sinusoidal
Wave Forms, Concept of Average Value and Root Mean Square (RMS) Value of an Alternating Quantity
Analytical Method of Calculation of RMS Value, Average Value, and Farm Factor, RMS and Average Values
of Half-wave-rectified Alternating Quantity, Concept of Phase and Phase Difference, Single-phase AC

Subject Code: ##nXX; ##f: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30— last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

'Circuits, Behaviour of R, L, and Cin AC Circuits, L-R Series Circuit , Apparent Power, Real Pow-er, and
Reactive Power, Power in an AC Circuit, R—C Series Circuit, R—L—C Series Circuit, AC Parallel Circuits, AC
Series—Parallel Circuits, Resonance in AC Circuits.

Semiconductor Devices ' . ‘ (09 Hours)

Intrinsic and extrinsic semiconductors-, n-Type Semiconductor Material, P-Type Semiconductor Material,
The p-n Junction, Biasing of p-n Junction, Semiconductor Diodes- Volt-ampere Characteristic of a Diode,
An Ideal Diode, Diode Parameters and Diode Ratings, Zener Diode, Zener Diode as Voltage Regulator and
Reference Voltage, Diode and Triode for Alternating Current (DIAC and TRIAC), Oscillators, Barkhausen
criterion, sinusoidal and non-sinusoidal oscillators, Multivibrators: Astable, Monostable and Bistable
Multivibrator, Transistors, Bipolar Junction Transistors, Working of a n—p-n and p—-n-p Transistor,
Transistor Configurations, Transistor as an Amplifier, Transistor As a Switch, Field Effect Transistors,
Junction Field Effect Transistors (JEFT), Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET).

Integrated Circuits | (07 Hours)

Introduction to Monolithic and Hybrid ICs, Linear and Digital ICs, Amplifiers, Operational Amplifiers, Ideal |
OP-AMP, Application of OP-AMP as a Summing, Differential Amplifier, The 555 Timer Integrated Circuit,
Three Operating Modes of IC 555, Pin configuration, Functional Block Diagram, Astable and Monostable
application of IC 555, IC Voltage Regulators or Regulator ICs.

Principles of Electronic Measurements and Sensors i - ‘ (06 Hburs)

Analog and Digital Instruments, Passive and Active Instruments Static Characteristics of Instruments-
Accuracy, Precision, Sensitivity and Resolution, Error, Threshold, and Loading Effect, Indicating-type
Instruments- CRO (Cathode Ray Oscilloscope), Measurement of Power in DCand AC Circuits, Measurement
of Energy, Sensor fundamentals and characteristics, Classification of Sensors- Resistive sensors, Capacitive
sensors, Inductive sensors, Eddy current sensors, Linear variable differential transformers (LVOT).

(Total Contact Time: 45 Hours + 30 Hours = 75 Hours)

. Practicals:

Measure and confirm Ohm’s Law, by meaéuring measu'ring voltage and current across a resistor while
varying the DC supply voltage insteps, keeping the resistance constant, and plotting the V=l graphto observe
the linear relationship.

Demonstrate Kirchhoff’s Current Law (KCL) at a circuit junction and Kirchhoff’s Voltage Law (KVL) in a closed
loop by measuring currents and voltages in a resistive network and comparing them with theoretical values.

Set up electrical circuits with resistors, inductors, and capacitors in series and parallel combinations, and to
measure and verify their equivalent resistance, inductance, and capacitance using appropriate instruments,
confirming the theoretical values through practical experimentation.

To measure and analyze the power consumption in DC and AC circuits by expenmentally determining
voltage, current, and power factor, and verifying the results using theoretical calculations.
To observe the time-domain transient behavior of RL and RC circuits during charging and discharging phases.

Construct a linear electrical network and determine its Thevenin and Norton equivalent circuits by
measuring open-circuit voltage and short-circuit current, and then validate the equivalence experimentally
through practical observation and comparison with the original network behavior.

Investigate the load regulation behavior of a Zener diode by varying the load resistance at a constant mput
voltage, and measuring the output voltage, load current, and Zener current to determine the diode’s voltage
regulation capability.

Subject Code: #inXX; fif: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and
EVEN semesters {(Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

0 |

Examine the operation of a invertingand non-inﬁerting amblifier configuration using an OP-AMP by changing_|

input voltage and resistance values, and plotting the output response to validate the voltage gain
relationship.

Analyze the output characteristics of a BJT in common emitter mode by varying the collector-emitter vo!tage
(Vce) for fixed base current (lg) values and plotting the collector current (Ic) versus Vee.

10.

Connect, set up, and operate a Cathode Ray Oscilloscope (CRO) for observmg sinusoidal waveforms, and 0 |
measure key waveform parameters such as amplitude, frequency, and time period by adjusting control
settings and analyzing the displayed signal.

4. Books Récommended:

E
2.
3

Milman, Halkias and Jit, Electrénics Devices and Circuits, Tata McGraw-Hill, 2nd Edition

Sedra and Smith, Microelectronics Circuits, 6th edition, Oxford University Press.

Boylestad, Robert L., & Nashelsky, Louis Electronic Devices and Circuit Theory 11th Edition, Pearson
Education, 2015. ISBN: 9781292060546

Kothari, D. P., & Nagrath, I. J. Basic Electrical Engineering 4th Edition, McGraw-Hill Education, 2019. ISBN:
9789353162344

Bhattacharya, S. K., & Chatterjee, S. Basic Electrical and Electronics Engineering, Pearson Education, 1st

Edition, 2012. ISBN: 9788131733324

Subject Code: #HnXX; fH: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artlflual Inte!llgen( e

Integrated B.Tech.+M.Tech. | (Al) Semester — |l Scheme | | T P credit
DATA STRUCTURES | =i TN ! ;
2

A02 |3 f1j2] 6

1. | Course Outcomes (COS)
At the end of the course, the students \_rull_l be able to

co1 recognize the need of different data structures and understand its characteristics.

o2 applv different data structures for given prob!ems.

CO3 deswn and analyse different data structures, sortmg and searchlng téchr_ﬁ]ues

CO4 | evaluate data structure operatlons {heoret:callv and experlmenlallv

(265 ' gwe ive solution for comp[ex englneermg pmbfems

2, Syllabus

iNTRODUFTE()N TO DI\Tf\ TiTRUCTURES (03 Hours)

Review of Concepts ‘Information and Meanmg,, Abstract Data lypes Internal Repruentatlon of
Primitive Data Structures, Arrays, Strings, Structures, Pointers.

LINEAR LISTS {06 Hours)
| gqum_{t_a_énd Llnked Representatlons uf Lm@ar llsts Companson of insertlon Delotton and ";earch
Operations for Sequential and Linked Lists, Doubly Linked Lists, Circular Lists, Lists in Standard

Temp[atc Library (STL), Applications of Lists.

STACKS J (06Hours)

Sequentlal and Linked Impiemontatlons, Reptesentdlwe AppllCdtlonb such as R[}LLIrbIOﬂ Fxpressron
Evaluation Viz., Infix, Prefix and Postfix, Parenthesis Matching, Towers of Hanoi, Wire Routing in a
Circuit, Finding Path in a Maze.

(06 Hours)

QUEUES

Operatmns of Queuos ("ircuEar Queue, Priority Queue, [)equeue Appllcat!ons of Queues Su‘nulanfm
of Time Sharing Operating Systems, Continuous Network Monitoring System Etc.

SORTING AND SEARCHING 7 (04 Hours)

. Sortmg Methods Bubble Sofl Selectlon Sort chk Sort, Radlx Sort Burket Sort, chtlonarles,
Hashing, Analysis of Collision Resolution Techniques, Searching Methods, Linear Search, Binary Search,
Character Strings and Different String Operations.

Subject Code: HinXX; #i: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offeredin both ODD and EVEN semesters, XX: 01 to 30— last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Care), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H#L-4), Subjects list for Specialization track {#1-4) EG; Engineering Subject, m_(
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

TREES (08 Hours) |

e L LR

finary Trees and Their Properties, Terminology, Sequential and Linked Implementations, Tree Traversal |
Wethods and Algorithms, Complete Binary Trees, General Trees, AVL Trees, Threaded Trees,
Aithmetic Expression Evaluation, Infix-Prefix-Postfix Notation Conversion, Heaps as Priority Queues,
Heap Implementation, Insertion and Deletion Operations, Heapsort, Heaps in Huffman Coding,

Twrnament Trees, Bin Packing.

ofB-Tree, 2-3 Trees, Sets and Multisets in STL.

| araPHS Y
Hours)

Applications, Adjacency Matrix and Linked Adjacency Chains, Graph Traversal, Breadth First and Dep

Sort and Critical Paths.

e

NS

Tutorials

Problems on Array

'_F;roblems on Stack and Queue

Prablems on Linked List

Pmblems on Trees

Problems on Graph

-linplanéntati'o'l; of A:‘fay andits ép“piicalions
"irﬁpiél11entatio|1 of Stack and its app_liatTd_ﬁé

Imp1empntatlon of Queue and |ts appllcatlons

Subject Code: #HInXX; 1iif: Department Tdentity, n: Year, XX: Subject Sequence number XX: last digit 0 i
(subject offered in both ODD and EVEN semesters, XX: 01 to 30~ last digit ODD and EVEN for ODD and
EVENsemesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/Hi1-4), Subjects list for Specialization track {#1-4) EG: Engineering Subject,
SC: Stience Subject (offered combinedly by departments) {SVNIT Surat) \h,
,—T’C(

Que”® \

Q_Y L2

MULTIWAY TREES [ (05 Hours)

- I5=ues in La rge Dmtronar:es, M-Way Search Trees BTI'{.G‘.-., Search Insert and Delete Uperatl'on-s, Hmpht

Dflinition‘- Terminology, Directed and Undirected Grap_ﬁs; Pmpén—rties Connectlvnv in (‘raphs,

Fist Traversal, Spanning Trees, Shortest Path and Transitive Closure, Activily Networks, Topological

Tutorials will be based on the coverage of the ahove topics separately {15 Hours)
Practicals will be based on the coverage of the above topics separately (30 Hours)

(Total Cont‘act Time: tL» }tours + 1.: Hours + 30 Hours 90 Hours)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
Implementation of Link List and its applications
Implementation of Trees andits applications
Implementation of Graph and its applications
-jnlap_l_emeﬁtation of H"aéhihg functions and collision resolution iedﬂﬂkii.ies

' Mml Project (implel‘nentatlon usmg above Data Slructurp]

‘Books Recommended

Trembiev & Sorenson: "An Introduction to Data Structures with A Appllcattons" 2/E, TMH 1991,

Tanenbaum & AL Augenstem. "Data Structures usmg Cand C+- 1 2/E, Pearson, 2007.

.'Horowitz_and -Sah;;hi"- "Fundamentals of Data Structures in e 2/_ES|I|conI_3ress?_D[}7 -

T.H. Cormen C. E. Leiserson, R. L. Rivest: "Introduction to Aif'orlthlns"3/E MIT § Press , 2009

Robert L. Kruse, C. L. Tondo and Brence Leung: "Data Structures and Program Design in C", ?/E
Pearson Education, 2001,

Subject Code: fHinXX; #it: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

IPG Il (Al) Semester-I " Litlel o é;slit
OBJECT ORIENTED PROGRAMMING
IA108 Scheme 3|02 4

1. Course Outcomes (COs):

At the end of the course, students will be able to ]

CO1 | Explain the core principles of object-oriented programming using Java and Python: objects, classes,
inheritance, polymorphism, and encapsulation.

co2 Anal\}se the advantages and limitations of using object-oriented programming compared to procedural
programming.

CO3 | Design and irﬁplement classes in Java to represent real-world entities and their functionalities.

CO4 | Apply the concepts of Multithreading and Exception handling to develop efficient and error-free codes.

| cos Design event-driven GUI and web-related applications that mimic real-world scenarios.

2. | Syllabus

Elementary Programming B - 7 Hour;)m

Introduction Java and Python, Hello World Program, Concepts of object-oriented programming Iangu_age,
Difference between QOP and other conventional programming — advantages and disadvantages, Class,
Object, Identifiers, Variables, Operators, Data Types, Selections, Loops, Methods, Arrays.

Object Oriented Principles and Concepts (08 Hc;ur;

Basic concepts of Java and Python programming — advantages of Java and python, byte-code & JVM, PVM
working and Architecture, garbage collection, Memory Management — Heap/Stack, creation of class, object,
constructor, finalize and, use of method overloading, this keyword, use of objects as parameter & methods
returning objects, call by value & call by reference, static variables & methods, Superclass & subclasses
including multilevel hierarchy, process of constructor calling in inheritance, use of super and final keywords
with super() method, 1IB, SIB, dynamic method dispatch, use of abstract classes & methods, interfaces.
Create packages, import packages, and provide member access for packages. Auto Widening, Explicit
narrowing, Auto up casting, Explicit down casting, Wrapper Classes, AutoBoxing, nested & inner classes.

String, Exception, and Text1/0 (07Hours)

Basic string handling concepts in Java and nyhon- String, concept of mutable and immutable string,
StringBuffer, StringBuilder, StringTokenizer, command line arguments, Exception handling basics, different

Subject Code: #H#nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor {M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) {SVNIT Surat) ,
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

[ types of excebfion classes, use of try & ‘catch with throw, throws & finally, creation of user-defined
exception classes. Basics of 1/0 operations — keyboard input using Buffered Reader & Scanner classes,
Serialization, Externalization

Multithreading - (07 Hours)

Basics of multithreading, main thread, thread life cycle, creation of multiple threads, thread priorities,
thread synchronization, inter-thread communication, deadlocks for threads, suspending & resuming
threads. _

Collections Framework, and Design Patterns (08Hours)

List, set, map, tuple, Lambda function in python. Basics of multithreading, main thread, thread life cycle,
creation of multiple threads, thread priorities, thread synchronization, inter-thread communication,
deadlocks for threads, suspending & resuming threads.

Object class, toString, equals, hashcode, Collection API, Collections, Developing Stack and Queue,
Collections Class, List Stream, Set Stream, TreeSet, MapSteam, Generic Programming, Design Pattern
Overview, Factory design pattern, Singleton design pattern, MVC. ]
GUI and Database Programming (09 Hours)

GUI Basics, Applet Programming, Swing vs AWT, Layout Manager, Event-Driver Programming, Creating
User Interfaces, Menus, Toolbars, Dialogs, JTable, ITree. Introduction JDBC, Type of Drivers, Connection,
Statement, Prepared statements, JDBC connection with SQL server.

~(Total Contact Time: 45 Hours +30 Hours = 75 Hours )

3. Practicals:

1. Student Ménagement System in Javaor Pvthorim

2. Bankin_é System Simulation in Java or'Python

3, File Operations with Excepti'{‘:;-n Handling.

4. Producer-Consumer Problem with Multithreading

5, Emp]oyee Management System U_éing Python OOPs concepts

6. Observer Pattern for Stock Market using Python OOPs concepts

' 7. Decorator Pattern for Pizza Ordering using Java

8. Strategy Pattern for Payment Processing_ljsing Python

9. Develop a basic student management system to add, delete, update, and view student records. Requirements:
e Create a form with fields like Student ID, Name, Age, Gender, Department, etc.
e Provide buttons for Add, Update, Delete, and View.

Use a JTable to display the list of students.

( e Use JDBC to connect to a MySQL database and perform CRUD operations.

Subject Code: #t#nXX; H#: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor {M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) (SVNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

L_Implement ActionListener for each button to handle respective_ac_tions.

4, Bobks Recommended: '

Y. Daniel Liang, Introduction to Jave Programming, Comprehensive Version, Person
Khalid A. Mughal, A Programmer's Guide to Java Scjp Certification: A Comprehensive Primer.

Dr. R. Nageswara Rao, Core JAVA: An Integrated Approach, Includes All Versions upto Java 8, Dreamtech Press

Herbert Schildt, Java 2 Complete RefEIEI_‘lCE, TMH, 2010.

1
2
3
4. Python Programming, Using Problem Solving Approach, Reema Thareja, Oxford university Press
: -
6. Python Object-Oriented Programming - Fourth Edition, Steven F. Lott

g

IO
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Integrated B.Tech.+M.Tech. | (Al) Semester — II ~ Scheme LT p | credit
| ENERGY AND ENVIRONMENTAL ENGINEERING T
(EG110 | e BENEAES ..

1. | Course Outcomes (COs): - N

col Explam the components of ecowstems, various blogeochemlcal cycles and |mportance of

Atthe end of the course, students will be able to

different urban network services

€02 | Differentiate between various types of environmental po!lutlon along with their impacts and

€03 | Examine various global environmental issues and their manapement

| o | Discuss the fundamental pnncmtes of enerpv, mdudmg c#asmﬂcatlon conservation and related
|| policy frameworks and regulations.
CO5 | Getacquainted with the concept of energ\,- systems ‘and their romponents

| regulatory standards

Syllabus

ENVIRONMENT AND ECOSYSTEMS (10 Hours)

Introduction: Concept of an emsystem _ structure and functions of ecosystem (omponents of
ecosystem - producers, consurmers, decomposers; Food chains, food webs, ecological pyramids, energy
flow in ecosystem; Bio-geochemical cycles, hydrologic cycle
Components of environment and their relationship, impact of technology on environment,
environmental degradation, environmental planning of urban network services such as water supply,
sewerage, solid waste management; closed loop cycle, concepts of sustainability

ENVIRONMENTAL POLLUTI()N (10 Hours)

Water, air, soil, noise, thermal anci radloactavo, marme poilutlon - 50urcns, effeus and engmcmng
control strategies; Centralized and decentralized treatment system, Drinking water quality and
standards, ambient air and noise standards

(10 Hours)

GLOBAL ENVIRONMENTAL 1SSUES AND ITS MANAGEMENT

Engineering aspprtq of chmate change roncept of C‘lrbon credit, €O, sequestration, conmms of
environmental impact assessment and environmental audit, life cycle assessment

BASICS OF ENERGY AND ITS CONSERVATION

(07 Hours)
Classification of energy sources, Global and national energy scenario, Fossil and alternate fuels and its
characterization. General aspects of energy conservation and management; Energy conservation act,

Subject Code: #HInXX; #it: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both QDD and EVEN semesters, XX: 01 to 30— last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 {Optional Core), XX: 51 to 99 (Elective), Subjects list

for Minor and Honor (M/Hii1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, “5
SC: Science Subject {offered combinedly by departments) (SYNIT Surat)
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trwr;,y policy of company; Need for energy standards and labelling; Energy building codes,

!NTHO{)UCTION TO ENERGY CONSERVATION SYSTEMS (08 Hours) |

_E;e}gy convers;on_s_y_stuns _Work-t}ag prmcsplrl Basic components General funcllonmg and normal
5 rating specifications of various energy conversion systems like Power plant, Pump, Refrigerator, Air-
conditioner, Internal combustion engine, Solar PV cell, Solar water heating system, Biogas plant. Wind
turbine, Fuel cells.
_ _Practacals WI” be hased on the_ coueragé;f_l_l;$v_e“toplcs 5e|1ara;:me_h,r— ________ I _ (30 _}Ibtars)
_____ - (i‘;tal Confécf 'fime: 45_}1;1-"5 + 30 Hou“r:;,m 75 H0urs)-
3. | Practical o . -
1 | Performance Teston a computé_rl_:;ed single cmpqol engine R )
|2 | Performance Test on Three-cylinder petrol engine o
3 | Determination of COP of vapor compression refrigeration :_s'\}-stelﬁm -
4 St-l'rdy of General Motors Cruze Vehicle Automotive 5\)sté;ﬁ -
5 E;md\; of MG Hector Vehicle Automotive Systén"i; - i
6 Measurement of direct and diffused Solar radiation usmg pyranom_t_efé}_m
|7 | Determination of 1V Characteristics of solar PV Panel S
'8 | Studyof electricityand orgasbil - B
9 | Study of pollutants from diesel En;,'ine
10 Study é'f-poilutants from petrol Engine - -
4. | Books Recommended S
1 | Daniel B. Botkin & Edward AKeller, Environmental Sciences, John WI|PV & Sons. -
2 _R_.Ejagomfan Environmental ‘Studies Oxford Unwersn{y Press.
3 Eé_nny Joseph, Environmental Studles, TMH Publishers. S
P Dr. Suresh K. Dhémeja, Environménta_iuéa&i_@:k. Kataria & Sons, 2007. -
5 | U. K. Khare, Basics of Environmental Studies, Tata McGraw Hill, 2011. R

Subject Code: nXX; #it: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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~ ADDITIONAL REFERENCE BOOKS

1 ]c S_._Rar;), Environmental Pollution Control En_gir{éer‘l ng, New ﬁééiaa_r-hétionai Pu-l')_Iishé-r_é,_2018
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Integrated B.Tech.+M.Tech, | (Al) Semester - |l LiT P | Cred.it.
| DISCRETE MATHEMATICS - 1
MA106 Scheme |3 1|0 04 ‘

1. Course Qutcomes {COs):.
At the end of the course, students will be able to o
col acquire knowledge of sets, group and functl()nb, yraphs

[de)) apply group theory, relations and lattice.

co3 | analy:;e funchom counting and based on mathematical logic.

CO4 | evaluate formal verification of computer programmas.

COSEgn solutions for various types of probleiﬁéui_h' different ciisciplinés like information 50(:ufiiv,
optimization, mathematical analysis.

. E—
Syllabus _ B ] B | I

Groups, Basic P{ggrgrli_e_s, Error Correction & Detection C_(_J_q_(_e_.

Definition & Basic Propertles, Graphs Of Relation Matrlces of Relatlon I:quwalence Relation,

Bound, GLB & LUB Of Sets, Definition & Properties Of Lattice, Sub Lattice, Distributive & Modular
Lattices, Complemented & Bounded Lattices, Complete Lattices & Boolean Algebra.

MATHEMATICAL LOGIC AND PROGRAM VERIFICATION ] _
Induction, Propasitions, Combination Of Pr opositions, Logical Operdtors & Proposmonal Algehra
Equivalence, Predicates & Quantifiers, Interaction of Quantifiers with Logical Operators, Logical

Interference & Proof Techniques, Formal Verification of Computer Programs (Elements of Hoare

logic),

'COUNTING AND RECURRENCE RELATION

Pigeonhole Principle, Recurrence Relations, Linear Recurrence Relations, Inclusion And Exclusion,
_| Generating Functions.

Intmducllon toset theofy, Baszrs of functlons, f\ppllcatlon of Funct:ons in Computer Scmnce Areas.

Introduction (04 Hours)

| GROUP THEORY ) (08 Hours) |
Basic Properties of Group, Gmupotd Somlgroup & Monmd Abelian Group, Sub{,roup, Cosets Normal
Subgroup, Lagrange’s Theorem, Cyclic Group, Permutation Group, Homomorphism & Isomorphism of

RELATION & LATTICES ‘ {06 Hours)

Equivalence Classes, Partition, Partial Ordered Relation, Posets, Hasse Diagram, Upper Bounds, Lower

(06 Hours)

' e | (06Hours)
First Counting Principle, Second Counting Prmc:ple Permutation, Circular Permulatlons, Combination,

Subject Cade; HiinXX; fHt: Departiment Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both QDD and EVEN semesters, XX: 01 to 30 —last digit ODD and EVEN for ODD and
FVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H11-4}, Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject {offered combinedly by departments) (SVNIT Surat) )
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 BASICS OF GRAPHS | (s Hours]
Graph Definition, G;aph Representdlmn Basic Concems Of Finite & Infinite Graph, Incidence &
Degree, Isamorphism, Subgraph, Walk, Path & Circuits, Cliques, Cycles and Loops, Operations On
Graphs, Connected Graph, Disconnected Graph & Components, Complete Graph, Regular Graph,
Bipartite Graph, Planar Graphs, Weighted Graphs, Directed & Undirected Graphs, Connectivity Of

Graphs.

| GRAPHS ALGORITHMS ] - {10 Hours)
Flows, Combinatorics, Euler’s (‘raph Hamlltonlan Paths &C Clrcuns !\ctwsty Planmng and Critical Path,
Planar Graphs: Properties, Graph Coloring, Vertex Coloring, Chromatic Polynomials, Edge Coloring,
Planar Graph Coloring, Matching and Factorizations: Maximum Matching In Bipartite Graphs,
Maximum Matching In General Graphs, Hall’'s Marriage Theorem, Factorization; Networks: Max-Flow
Min-Cut Theorem, Menger’s Theorem, Graph and Matrices; Probabilistic Graphical Models:Graphical
models, Directed models: Bayesian network, Undirected model: Markov Random Fields, Dynamic
model: Hidden Markov Model, Learning in Graphical models: Parameter estimation, Expectation

Maximization,

Tutorials will be based on the coverage of the above topics separately | {15 Hours)

(Total Contact Time: 45 Hours + 15 Hours = 60 Hours)

S R
L. Problem solving on group theory.

2. Problem solwng on relation and lattices.

3. Problem solumg on mathematical | I0g|c and |)| opl am verification,

4. Problem solving on counting and recurrence relation.

~ 5. Problem solving on basics of graphs.

6. Problem solwnp on grdph alponthms

3 . éb_dgliécammen_(-!ed;- -

1. Rosenk. H "Discrete Mathematics and Its App%lmhons” b/f M(Jii 2006.

2. liuC.L, "Elements of Discrete Mathematics", MGH, 2000,

3. Dea Narsingh., "Graph theory with applications to Engineering & Computer Science", PHI, 2000.
4, ), A.Bondy and U, S, R.Murty, “Graph Theory”, Springer, 2008.

5.

V. K. Balakrishnan, “Theory and Prablems of Graph Theory”, Tata McGraw-Hill, 2007,

ADDITIONAL REFERENCE BOOKS
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Kolman B, Busby R.C. & Ross S., "Discrete Mathematical Structure”, 5/E, PHI, 2003,

fremblay J. P. & Manohar R., "Discrete Mathematical structure with applications to computer science",

MGH, 1999,
D. B. West, “Introduction to Graph Theory”, 2nd Edition, PHI 2002.
G. Chatrand and O.R. Ollermann, “Applied and Algorithmic Graph Theory”, McGraw Hill, 1993,

Subject Code: iHinXX; i Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG | (Al) Semester - Il Ll T!pP!| credit

DIGITAL ELECTRONICS AND LOGIC DESIGN .

EC106 3/0(2| o4
Scheme

1. Course Outcomes (COs):

At the end of the course, students will be able to

CO1 | Simplify Boolean expressions using K-Map and Quine- McCIuske\ar methods for combinational circuit
" design.

€02 | Design combinational and sequential circuits like adders, multiplexers, counters, and registers.

CO3 | Analyze logic families (RTL, I5TL, TTL, CMOS)'for efficient digital circuit implementation'.

CO4 | Understand processor architecture and control unit design, including ALU, accumulator, and PLA-hased
control.

CO5 | Describe the architecture and organization of a basic processor, control unit demgn, and explain the
structure and types of semiconductor memories.

2. | Syllabus

NUMBER SYSTEMS AND BOOLEAN ALGEBRA ' (08 Hours)
Decimal, Binary, Octal, Hexadecimal systems, Number Base conversion, complements of number systems
and its addition and subtraction, Signed binary numbers, Basic definitions, theorem and properties of
Boolean Algebra, Boolean Functions, Canonical and Standard forms, Basic logic operations and Digital Logic
Gates, Karnaugh Map (K-Map) Method, Quine-Mccluskey Tabulation Method, Determination and
Selection of Prime Implicants. _ i -
COMBINATIONAL LOGIC CIRCUIT DESIGN (09 Hours)

Design Procedure, Adders, Subtractors, Code conversion: Binary to Gray, Gray to Binary, BCD to Excess-3,
and Excess-3 to BCD. Construction using Multi-level NAND and NOR gates. Binary Adder and Subtractor,
Decimal Adder, Magnitude Comparator, Decoders and Encoders, Priority encoder, Multiplexers,
Demultiplexer, Implementation of Boolean Functions Using Decoder and Multiplexer, BCD to 7-Segment
Decoder, Hazards in Combinational Circuits. N .

SEQUENTIAL LOGIC CIRCUIT DESIGN (10 Hours)

Basic Concepts of Sequential Circuits, Flip-Flops, clocked sequential circuit, State reduction and
assignment, Race around condition, Cross Coupled SR Flip-Flop, JK Flip-Flop Rise Condition, D-Type and
Toggle Flip-Flops, Truth Tables and Excitation Tables, Master Slave Configuration, Edge and Level Triggered
Flip-Flops. Basic Concepts and Design of Counters and Registers, Shift Registers, Ripple Counter,
Synchronous counter, Binary Counters, BCD Counters Johnson Counter, Module-N Counter, Timing
sequence, Analysis of Circuit with Latches, Reduction of state and flow tables, Hazards in Sequential
Circuits, ) |
LOGIC FAMILIES (09 Hours)

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0

(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for DD and
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Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Characteristics of IC digital logic families, Bipolar Transistor Characteristics, Resistor-Transistor Logic (RTL),
Pass-Transistor Logic (PTL), and Transistor-Transistor Logic (TTL), along with TTL subfamilies: standard TTL,
Schottky Transistor — Transistor Logic (STTL), low-power TTL, Emmitter-Coupled Logic (ECL), Direct Coupled
Transistor Logic (DCTL), Integrated Injection Logic {IIL}, Diode — Transistor Logic (DTL), High — Threshold
Logic {HTL) ]
Memories and Processor De5|gn ‘ (09 Hours)
Basic Processor organization and its architecture, Hardware component: De5|gn of the Arithmetic Logic
Unit (ALU), Datapath, Instruction Fetch and Execution, Control unit organization, Control Signals,
Hardwired Control Microprogrammed control. Programmable Logic Array (PLA) and Programmable Array
Logic (PAL) for efficient contral unit design. Introduction to Complementary Metal Oxide Semiconductor
(CMOS)-based PLA, CMOS Characteristics and Transmission gate circuit, Semiconductor RAM Memories,
Internal Organization of Memory Chips, Memory decoding, Logical construction of RAM, Static Memories,
Dynamic RAMs, Read-only Memories (ROM), PROM, EPROM, EEPROM, Memory Hierarchy.

(Total Contact Time: 45 Hours + 30 Hours =75 Hours)

[ 3. Practical:

1. lmple'ment and test basic logic gat_e_s (AND, OR, NOT, NAND, NOR, )(OR_, XNOR) and their truth tables using
digital ICs.

2. Design and implement optimized logic circuits by simplifying Boolean functions using Karnaugh Map (K-Méa
and Quine-McCluskey methods.

3. Design and Implémentation of Combinational Circuits - Construct and verify the working of adders (Half &
Full Adder), subtractors, multiplexers, and decoders using logic gates.

4, Designand implemeht a BCD to 7-segment display driver using combinational logic and verify its wo'r-king for
common anode and common cathode displays.

5. Construct and test different flip-flops (S-R;__JK, D, T, Masté-r-SIave, Edge-Triggéred) and anal\}ie their truth
tables and timing diagrams.

6. Implément and verify binary, BCD, up/down, Johnson, and modulo-N counters usingﬂ flip-flops and state
diagrams.

7. Construct and test different types of shift regiéters (SISO, SIPQ, PISO, PIPO) and analyze their operat'ions.

8. Design circuits using RTL, PTL, TTL, and CMOS logic families and compare their p_élrformance in terms of
power consumption, propagation delay, and switching speed.

9. Implement a basic ALU ‘using logic gates and multiplexers to perform arithmetic and logic operations.

10. To simulate and verify the read and write operations in Static RAM (SRAM) and read operations in ROM using
digital design tools.

Subject Code: #H#nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30~ last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 {Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor {M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered com bmedly by departments) (SVNIT Surat)
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Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

1.
2.
3.

Mano, M. M., & Ciletti, M. D. (2018). Digital Design (6th ed.). Pearson Education. ISBN: 978-0134549897.
R. P. Jain, Modern Digital Electronics, 4th Edition, McGraw Hill, 2009, ISBN: 978-0070669116.

Ronald J. Tocci, Neal Widmer, Greg Moss, Digital Systems: Principles and Applications, 10th edition,
Pearson, 2009.
John F. Wakerly, Digital Design: Principles and Practices, 4th Edition, Pearson, 2005, ISBN: 878-0131863897.

Stephen Brown & Zvonko Vranesic, Fundamentals of Digital Logic with VHDL Design, 3rd Edition, McGraw
Hill, 2008, ISBN: 978-0077221430.
Donald D. Givone, Digital Principles and Design, 1st Edition, McGraw Hill, 2002, ISBN: 978-0072525038.
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; Integrated_ B.Tech.+M.Tech. | (N) Semester ~ | o Scheme ) T P Credit
INDIAN VALUE SYSTEM AND SOCIAL CONSCIQUSNESS | . e
HS120 ‘ 21010 roz
1. | Course Outcomes (COs): o

A; the end ofthe course, the students will be able to

cot mterpret the | important values that need to be cultivated

Cco2 -analyse the cultures depicted in Ramayana, , Mahabharata, Jainism and Buddhism

'CO3 | review the structure of Indian knowledge system

CO4 | discuss the éignifica nce of constitution of India

€05 | demonstrate social responsibility

2. Syllahus

HUMAN VALUES AND CONSCIOUSNESS (08 Hours)

Human Values Definition and Classification of Values; The Problem of Hierarchy of Values and their
Choice; Self-Exploration; ‘Basic Human Aspirations; Right understanding, Relationship and Physical
Facility; fulfilment of aspirations; Understanding Happiness and Prosperity, Harmony at various
levels,

What Is Consciousness? ; Can We Build A Conscious Machine?; Levels Of Consciousness; Mind,
Matter And Beyond; Holistic Lifestyle; Dealing With Anxicty; Connecting Mind To Brain; Minds,
Brains, And Programs,

(07 Hours)

INDIAN CULTURE AND HERI !'AGE

Culture and its salient features “The Vedic — Upamshadzc Culture and socmty, Human asplratlons in
those societies; Culture in Ramayana and Mahabharata: The Ideal Man and Woman, Concepts
Maitri, Karuna, Seela, Vinaya, Kshama, Santi, Anuraga — as exemplified in the stories and anecdotes
of the Epics; The Culture of Jainism: Jaina conception of Soul, Karma and liberation, Buddhism as a
Humanistic culture; The four Noble truths of Buddhism; Vedanta and Indian Culture;

INDIAN KNOWLEDGE SYSTEM 1 (08 Hours)

Indian knowlpdge as a umque system “Place of Indian knowledge in mankind’s evolullon
Relevance of Indian knowledge to present day and future of mankind, Nature of Indian Knowledge;
Structure of Indian Knowledge: Types of knowledge (para, apara), The scientific and the
unscientific, Instruments for gaining and verifying knowledge, Knowledge traditions: Lineages,
Instruments - debate, epistemology and pedagogy, The inverted tree — axiomatic, deductive,
empirical knowledge, and evolution of knowledge; Disciplines of Study: A brief outline of the
subjects, the major contributions and theories along with timelines where relevant: Mathematics; |

Subject Codle: #HHnXX; Hil: Department ldentity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list %
for Minor and Honor (M/HH1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
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'/\slrrmnmy: Physical ~ Sciences;  Cosmogony;  Language  studies;  Astrology;  Moral ;'

studies/righteousness; Statecraftand political philosophy

INDIAN CONSTITUTION ‘ {04 hours)

Hlstory of Makmg of the Indlan Conslttutlon Phllosophy of the Indian Constltutlon Preambte
Salient Features; Contours of Constitutional Rights & Duties; Organs of Governance: Parliament;
Composition; Qualifications and Disqualifications; Powers and Functions

SOCIAL RESPONSIBILITY (03 Hours)

Social Responsibility: Meaning and Importance, Different Approaches of Social Responsibility.
Social Responsibility of Business towards different Stakeholders. Evolution and Legislation of CSR
in India.

(Total Contact Time: 30 Hours)

' Books Recommended

1 D.K. Chaturuedl Professional Ethics Values and Conscmusness Ane Books Pvt. ltd 2023,

ﬁRgur, RSaﬁg_aEGP__B_ag_ana, Human Values and Professional Ethics, Excel Books, New
Delhi, 2010.

1 AN. Tripa_t_lﬁlnﬂuihéln Va'lu'é;,m\n_ﬁ\éé“iml. -I-"l;l'bi'i-s;he-ré,' New Delhi, 2004,

p éRBO, Indian Héritage and Cu{tur@,Szerlmg Publishers Pvt_!tcl, 1988,

D. Smgh Indian Hentage and Cu!ture APH Pubhshmg Corporatmn, 1998,

Sr'_i-i;rashant Pole, Treasure s Trove of Indian knowiedge, Prabhat Prakashan, 202 .

Sri -Sl-.|'res}-1_§6ni-, Sources of bijr-tuIturé'i_l:i(;r_ife_ag_;_é,_‘Pﬁ-abhat Prakasha r_1, ?018 :

D.D. Basu, Introduction to the Cunstltutlon of India, Lexis Nexm, 2015,

Subject Code: ##nXX; #Hi: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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e ——— 1

ll. T | P | Credit |

PUTER ORGANIZATION s - -

"ARITHMETIC AND LOGIC UNIT -

1. 'Qourse OUtCOI'I'IES-lCDS}E
| At the end of the course, students will be able to e |
€01 | acquire knowledge of basics of computer architecture, its components with peripheral devices,
instruction set architecture, instruction execution using data path and control unit interface.
CE)?_cEply I(nwdwlet'ji-gé-éfcéfﬁiﬁinatior}iénd seduentiai Ic_lgiagr_tiuilé to mimic 5impTé computer
architecture to solve the given problem.
co3 ';iz_ﬁil_\jri'é'permnn&*nce of various instruction set a}chitecturL\,_cc;hir(')l__t_lii'i_t',"m_é'morie_s_, various
processor architectures.
o4 'é\'r}imglgﬁi:r')grmnming solutions to implement fast methods of ALU, FP u|1it_'i|'r_|§l_e_f;érifnti_{ﬁs:-
processor architectures and instruction set architectures.
cOS | implement fast methods of ALU, FP unit ifﬁpﬁeiﬁéﬁta{i&is and to design and develop hardware
solution for given instruction coding scheme of an Instruction Set Architecture or vice versa
| using available technology tools.
2. | syllabus
TproCESSORBASIS ' | {06 Hours)

| Basics CPU Organization - Functional Units, Data Paths, Registers, Stored Program Concept, Data

Representation - Basic Formats, Fixed and Floating Point Representation, Instruction Sets, Instruction
Types, Instruction Formats, Addressing Modes, Designing of an Instruction Set, Data path Design, Concepts
of Machine Level Programmig, Assembly Level Programming and High Level Programming.

‘ (08 Hours)

!\rithmet'ic'am':'l_[{_)_g'i_c'ai O;'Je'r_a'tion and Hardware Imp!e'mentation,'Iﬁif)_!aﬁenta{ion of some thpléx' .
Operation: Fixed-Point Arithmetic Multiplication Algorithms-Hardware Algorithm, Booth Multiplication
Algorithm, Division Algorithm, Divide overflow Algorithm, Combinational ALU and Sequential ALU, Floating

Point Arithmetic Operations.

| CONTROLUNIT I l {07 Hours)

‘Basic Con_c'e_?[)?s_,- lﬂs'tft_laf)ri-fnféﬁréiation and Execufion, Hardwi fé&iféiﬁ%ol, Microbrégg_rémiﬁ-eclnéontfd I,
CPU Control Unit Design, Performance.

Subject{:ode:NHnXK;ﬂH:I)eparlmenlldemity,n:Year,)()(:Sub]eclSequencenumherXX:IastdigitO
(subjectofferedinbothODDandEVENsemesters,XX:01t030~lastdigitO[)DandEVENforODDandEVEN
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Minor and Honor (M/HH1-4), Subjects list for Specialization track (#1-4)EG: Engineering
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
IPG-Artificial Intelligence

SUBROUTINE MANAGEMENT ) N "_'_Tm(oauo'ur's}

| Concepts of Subroutine, Subroutine Call and Return, ) ]
| MEMORY ORGANIZATION S i_ (06 Hours) |
Concepts of Semiconductor Memary, Cpu-Memory Interaction, Organization of Memory Modules, Cache
Memon,r and Related M'sppmgand Replacpment Policies, Virtual Mpmow -
SYSTEM ORGANIZATION —[ {06 Hours)

Introduction to Ian[t-I\_ricfm(_)'Qtput Processing, Working with Video Display Unit and Keyboard and Routine to
Control them, Programmed Controlled 1/O Transfer, Interrupt Controlled I/O Transfer, DMA Controller,
Secondary Storage and Type Of Storage Devices, Introduction to Buses and Connecting 1/0 Devices to CPU
and Memorv . I D

| PIPELINE CONTROL AND PARALLEL PROCESSING {08 Hours}

Instruction Pipelines, Pipeline Hazards, Pipeline Performance, Superscalar Processing, Introduction to

Parallel Processing, Processor-Level Parallelism, Multiprocessor,

Tutorials will be based on the coverage of the ahove topics separately. ! (15 Hours)

(Tota! Contact Tlme 45 Hours t 15 Huurs 60 Ilours)

3. Tutorials:
1. Problems on data conversion in various formats and 'fldating—point representation

2. Solvzng, mmputatluns nwolwnt, comp!ex arithmetic Uperattons and hardware nnplemem'ltron of the same

3. mmrpretation of basic instruction execution and various adclresging modes possibiﬂ

4, Lear ning instruction set architecture level instructions for the high level Ianguage pmgmmmlnb

5. Problems on memow manapement mappmg and replacement pollCles

4 Bobks Récommpnded o .

1. JohnL Hannessy, 8VId n Patkprson ne omputororg‘;mz'stlon and Deslgn , 3/E, Morgan Kaufmaan roprmt
2003,

Andrew S. Tanenhaum, "Structured Computer Organization”, 6/€, PHI EEE, reprint 1995,

William Stallings, "Computer Organization & Architecture: Designing For Performance", 6/€, PHI, 2002,
Carl Hamacher, ZvonkoVranesic, SafwatZaky, "Computer Organization", 5/€, McGraw-Hill, 2002,

Morris Mano, "(‘omputez Systfnms Archltecture" 3/E PHI, reprint 1997,

o a2 w o
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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IPG. II (Al) Semester —111 | T' 'P "Credit
DATABASE MANAGEMENT SYSTEMS e e
IA203 Scheme 3i0 Zl 04

1. Course Outcomes {COs):
At th the end of the  course, st students will be able to

CO1 | understand different database models and query ianguages to manape the data for plven real |
life application scenario,

€o2 apply the concopt of database model relational tables, “normalization to solve different
problems.

co3 | : analyze the problems for desngmng the effective solution usmg procedural and nonprocedural
languages and/or index,

o4 | evaluate the solution uslngtransactlon manapement concurrency management query
performance and optimization, or recovery.

cos | |mp!mnent an efficient solution usmg mdustry standards for real life |)rob[ems o

|NTRO[)U("I ORY (‘ON({:P IS OF DBM'-'. {03 Hours)

Entroductlon, Appllcauons of DBMS Purpose of [}dtal)asp- Data Inde-pendence, Database System
Architecture, Data Abstraction, Database users and DBA.

ENTITY RELATIONSHIP MODEL | {06 Hours)

Basic C()ncepts, Deygn Process, Cunstramts, Keys, Desrgn Issues E-R Dlagrams, Attribute Tvpes
Mapping Cardinality, Types of Relationship, Weak/Strong Entity Sets, Extended E-R Features -
Generalization, Specialization, Aggregation.

RELATIONAL MODELS "[_"(64 Hours)

S_tr_ULtureof _ﬁé'l_a't-ional' Databases bérﬁéins, Relations, Mapj}ing of FR Mode'l to ﬁél}atiaﬁéi__"i\ﬂbdel,
Relational Algebra — Fundamentals, Operators and Syntax, Relational Algebra Queries, Tuple Relational
Calculus,

RELATIONAL DATABASE DESIGN (03 Hours]
Functional Dependency = Defirition, Trivial and Non-trivial FD, Closure of FD Set, Closure of Attributes, |
_tr_@_(_J_ucibie Set of FD, qup@liialip_i} = INf, 2NF, 3NF, Decomposition using FD- Dependency

SubjectCode:HinXX;#i:Departmentidentity,n:Year, XX:SubjectSequencenumberXX:lastdigit0
(subjectofferedinbothODDandEVENsemesters, XX:01to30~lastdigitODDandEVENfor ODDandeVEN
semesters {(Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects listfor
Minor and Honor (M/HH1-4), Subjects list for Specialization track (H1-4)EG: Engineering
Subject,SC:Science Subject{offeredcombinedlyby departments)(SVNITSurat)
CurriculumSVYNITSurat(58" Senate,3 1May2023)



4, Practicals;

1 Implementallon for i’hvsmal clata slorage [Sequentnl Index Sequentlal )

i Practicim;j DDL and DML Queries fmdatabasé creation and managmp the data

' -_Iirésé;ifation, BCI\_!E Multi- Valued DependenEy, ANF, Join bepéﬁdé nc§ and 5NF.

QUERY PROCESSING AND OPTIMIZATION y (05 Hours)

Bas:c_s E SGL_'D[)”L DMI' ijfl Structure - Crea'ii_un/AIEér_z_a%r-{,' DefininE(ftht_l:ai_nts--:_P_r“is"n.;_r; kéy,

3 Develop a Database system for the real life apphcation scenario by managmg the storage constrains
4 Pracllclm, “PL/SQL with the deslpned databases

5'_ Deblgn consldertng Transactlon mdnagement and concurrency Controi

Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
IPG-Artificial Intelligence

Overview of Query Processing, Measures of 'Query Cost, Select Operation, Sorting, Join Operation, Other
Operations, Evaluation of Expressions, Overview of Query Optimization, Transformation of Relational,
Expressions, Estimating Statistics of Expression Results, Choice of Fvaluation Plans, Materialized Views,
Advanced Topics in Query Optimization.

TRANSACTION MANAGEMENT - i [ (06 Hours)

rransactson Loncepts, Propemes of rransactlons Serializability of Transactions, Testing for
Serializability, Concurrent Executions of Transactions and Related Problems, Locking Mechanism,
Solution to Concurrency Related Problems, Two-phase Locking Pratocol, Deadlock, Isolation, Intent
Locking, System Recovery, Recovery and Atomicity, Log-hased Recovery.

SQL CONCEPT ' (05 Hours)

foreign Key, Unique, Not Null, Check, IN Operator.

PL-SQ CONCEPT i (04  Hours)

Cursors Stored Prococlures Stored Functton Database !‘ngyers

ADW\N(FD IOP!CS T (04 Hours)

Data Secunlv Intmducuoh 'D|scretion-ary Access (‘ontroi Mandatory )'\ULLSS Control Data Enr:r\;ptlon
Semi Structured Data and XML, Object Oriented and Object Relational DBMS, Distributed DBMS, NOSQL

DBMS.

Pract:cals wlii hm hasvd on me couerage m‘ the above toplcs separatolv (30 Hours)

(Total Contact Time: 45 Hours + 30 Hnurs = ?5 Hours}

SuhjectCode:mfnxx;!m:Departmentldentity,n:Year,XX:SubjeclSequencenumber)(X:lastdigitO
(subjectofferedinbothODDandEVENsemesters, XX:01to30-lastdigitODDandEVENfor ODDandEVEN
semesters {Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects listfor
Minor and Honor (M/HH1-4), Subjects list for Specialization track (#1-4)EG: Engineering
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Design of Normalized form of datahase

sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
IPG-Artificial Intelligence

Design of ER model based example
“Design of Relational model based ample

Books Recommended:

A Silberschatz, H. . Korth, and S Sudarshan, “Database System Concepts", 6/, TMH, 2010.
McFadden, F.Hoffer, Prescott : M. B "Modern database management", 8/E, Benjamin/Cummings
Inc,2006.

C.J Date, "An Introduction to Database Systems", Publisher: Addison, Waesley, 8/E, 2003.

Raghu Ramakrishnan and Gehrke: "Database Management System", 3/E, WCB/McGraw-Hill, 2003.
Margaret H. IJunham ”Data Mmmp Inlruduaorv and atlvancecl toplcs” Pearson L:dumuon ?003
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It (A1) Semester = I LT lel credit
IGN AND ANALYSIS OF ALGORITHMS AER

Scheme [ 3110 04

1. Course Outcomes (COs}:

co1
CO?2

' cos |

o5

At the end of course, students will be able to

coa |

| DIVIDE AND CONQUER APPROACH ] (06 Hours)

| DYNAMIC PROGRAMMING I (08 Hours)

Acqmm knowledgp about the appllcanon of mathematical formula and terhmqup to solve the
pmhlpm and COl‘ﬂptltatIOI'rFﬂ COI‘!"I[J!P)(IW amly';u;

Apply the different algonthm demgn techniques for de&gnmg a solution of different

applications. B
f\na_lyﬁﬁ_e p(hrformance of algonthma usmg ; different aigomhm!r ries;gn tpcht"nques based on
asymptotic or amc}riued or prol}ablllsur methods.

Fvaluate the ¢ correctness and :mp!emént_atlon of alponthms using different methods of
performancp evaluatlon

Df:su,n and innovate efficient algonthms in the field of co computar science & engmgermg, and

industry related applications using the different algorithm design techniques.

| Syllabus

ANTRODUCTION (06 Hours)
introduction to a\lgonthms, n';iysm and Demgn Techniques, Analysm'lorhnlqucs Mathmmtlral Empirical
and Asymptotic Analysis, Recurrence Relations and Solving Recurrences, M Mathematical Proof Techniques,

Amortized Analysis, Probabilistic Analysis,

Sorting & Order Statistics, Divide and Conquer Technique Various Comparison based Sorts, Amiws of the

Worst-Case and the Best-Cases, Randomized Sorting Algorithms, Lower Bound on Sorting, Non-comparison

based Sorts, Medians and Order Statistics, Min-Max Problem, Polynomial Multiplication, Fast Fourier
Transform.

GREEDY DESIGN TECHNIQUES _[ {08 Hours)
Basic Greedy Control Abstraction, Motlvatton lhirsty Baby Probiem For mah?atlon Actwliy Selection and
its Variants, Huffman Coding, Hom Formulas, Tape Storage Problem, Container Loading Pr oblem, Knapsack
Problem, Graph Algorithms, Graph algorithms: All-pairs Shortest Paths, Topological Ordering of DAG, DFS
in Directed Graphs, Strongly Connected Components, Minimum Spanning Trees, Single Source Shortest
Paths, Maximum Bipartite Cover Problem, Network Flows: Ford Fulkerson Algorithm, Max-flow Min-cut
Theorem, Polynomial Time Algorithms for Max-flow.

SubjectCode:{i#nXX;#H:Departmentldentity,n:Year XX:SubjectSequencenumberXX:lastdigitO
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3.

| SEARCHING ALGORITHMS | (05 Hours)

4. Problem qolwng on d\;namlc pmgrammmg
5. Problem solving on searching algorilhms.

6. Problem 'solving_oh' back tracking technique.
‘8. Problem solwng on branch and bound lechmdde

_ Books Recommeuded

sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

IPG-Artificial Intelligence

Motwatton Maum Muitlphcatlon Problem, Assemhly Line Prob%em Coin Lhangmg Prob[em Longest
Common Subsequence, 0/1 Knapsack problem, All-pairs Shortest Path Problems, Dynamic Programming
Control Abstraction, Optimal Binary Search Tree.

Backtracking, N-Queens Prublem sum of Subset Problem, COI“[)|E’XIW Analws, . Branch & Bound, Least
Cost Branch & Bound (LCBB), LCBB Complexity Analysis, 15-Puzzle Problem, Traveling Sales Person
Problem.

NUMBER THEORETIC ALGORITHMS - - (06 Hours) |
Number Theoretic Notions, GCD, ModuiarArlthmenc Chmesp Romamder }ht.orem Gvnerwtms, Cyclic
Groups, Galois Fields, Applications in Cryptography, Primality Testing.

| NP-COMPLETE PROBLEMS l (06 Hours) |

Polynomial Time, Verification, NP completeness, Search Problmm RPdUCIIOHS, l)eahnp wnth NP~
Completeness, Approximation Algorithms, Local Search Heuristics.

| Tutorials will be based on the coverage of the above topics. - | (15 Hours)

(Fotal Contact Time: 45 Hours + 15 Hours = 60 Hours)

Tutmials

1. Problem solving on time anainis of sorting algorithms.

2. Problem sulvmg on divide and mnquor techmque

3. Problem solvmg on g:eedy dastgn techntque

7. Problem solving on Graph based algorithms.

Cormen Leiserson, Rwest Stem g 'ntroducnon to ;‘\Egorlthms“ 3/& MIT Press, 2009.
. Kleinberg, E. Tardos, “Algorithm Design”, 1/E, Pearson Education, Reprint 2006.
SartajSahni, “Data Structures, Algorithms and Applications in C++", 2/E, Universities Press/Orient Longman,
2005

Sara Baase, Allen van Gelder,” Computer Algorithms: Introduction to Design & Analysis, 3/E, Pearson

Suh}ectCode:Hnn)()(;fmrDepartmenlidemitv,n:Year,xx:Sub}ectSequencenumhe{XX:IastdigitO
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Sardar Vallabhbhai National Institute of Technology (SVNIT ) Surat
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Education, 2000,
5. Knuth, Donald E., “The Art of Computer Programming, Vol | &I1I”, 3/E, Pearson Education, 1997.
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG Il (Al) Semester — Il|
SIGNALS AND SYSTEMS

EC203 Scheme

T | P | Credit

04

1. Course Qutcomes (COs):

At the end of the course, students will be able to

CO1 | Describe Signals and Systems with their classifications
CO2 | Describe Z-transform and its properties
CO3 | Analyse discrete-time system with Z-transform
7204 Understand the process of sampling and aliasing error.
|_COS Analyze Discrete Time Fourier Transform and Discrete Fourier Transform for LT| systems
2. | Syllabus o -
Introduction to Signal and its Classification, Concept of Frequency in Continuous-Time and Discrete-Time
Signal.
DISCRETE TIME SIGNAL AND SYSTEM (08 Hour;
Discrete-Time Signals and basic operations, Discrete Time Systems, Linear Time-Invariant Systems,
Properties of LTI Systems, Causal LTI Systems Described by Difference equations,
Z-TRANSFORM j (08 Hours)
Z-transform, Properties of Region of convergence, Inverse Z-transform, properties of Ztransform. z-
transform for LTI systems with pole-zero patterns
SAMPLING J ( 08 Hours)
Sampling theorem, Periodic Sampling, Frequency-Domain Representation of Sa mpling, Reconstruction of
sampled signals, Aliasing error, sam pling theorem, Sampling of Bandlimited Signals
DISCRETE TIME FOURIER TRANSFORM (DTFT) and DISCRETE FOURIER TRANSFORM (DFT) (08 Hours)_
DTFT and it's convergence, Properties of DTFT, Sampling the Fourier Tra nsform, The Discrete Fourjer
Transform, Properties of the Discrete Fourier Tra nsform.
FREQUENCY DOMAIN ANALYSIS OF LINEAR TIME-INVARIANT SYSTEMS (08 Hours)
Frequency Domain Representation of Discrete-Time Systems, Frequency Response for Rational systems
Functions, Frequency Response of LTI Systems, System analysis with frequency domain re presentation. |
Time domain and Frequency domain aspects of ideal and non-ideal filters
L (Total Contact Time: 45 Hours+ 15 Hours = 60Hours)

SubjectCode:##nXX;##:Departmentldentity,n:Year,XX:SubjectSequencenumberXX:IastdigItO
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

'_3. Tutorial:

Introduction to Signals and Systems

Basic Signal Operations

Fourier Series and Fourier Transform

Laplace Transform and Its Applications

Z-Transform and Discrete-Time Signal Analysis

Convolution and Correlation

Sampling Theorem and Signal Reconstruction

Linear Time-Invariant (LTI) Systems

Frequency Response and Filtering

Modulation and Communication Systems

’TBooks Recommended:

—

Ed., Pearson, 2009.

Applications”, 4th Ed., PHI, 2007.

| Barry Van Veen Simon Haykin, “Signals and Systems”, 2nd Ed., Wiley, 2007

2. Alan V. Oppenheim, Alan S. Willsky, S. Hamid Nawab, “Signals and Systems Prentice Hall India”, 2nd

3. B.P. Lathi, “Principles of Linear Systems and Signals”, 2nd Ed., oxford, 22 Jul 2009
4. John G. Proakis, Dimitris G. Manolakis, “Digital Signal Processing,

5. Robert A. Gable, Richard A. Roberts, “Signals & Linear Systems”, 3rd Ed., John Wiley, 1995,

Principles, Algorithms, and

v
/\/\
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(subjectofferedinbothODDandEVENsemeste
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IPG. II (A1) Semester ~ Il -
AUTOMATA AND FORMAL LANGUAGES

L‘M“ Scheme |3 |1 0' 04

L | T Pl Credit

1. Courseﬁﬁﬁ:bmes [C()s}
At the end of the course, students willbe able to )
€Ol | acquire knowledge of the basis of theory of computation, different conmutatronal problprm and the
importance of automata as a modelling tool of computational problems.
C02 | toapply rlgorously formal mathematical methods to prove properties of | !anguages, g,rammars and
_ | automata.
Co3 analyse the solutions for different problems and argue formalh;r about correctness on different restricted
| machine models of computation.
CO4 | evaluate and Identify limitations of cnmputatloml models and pos*uble mezhods of provinp them ol
COS | design the solution in the forms of different types of machine with correctness proof and able to develop
different system software.

2, _ yllabus

INTRODUC?‘I{}N (06 I-qur:.)

“Basic Mathematical Ol)wctc; Sels‘ loplr, F unctmns, Ilelarmns, Slnnyh f\lphabus, anguag,s.s Mathemat:tal
" Induction: Inductive Proofs, Principles, Recursive Definitions, Set Notation.
ol :

FINITE AUTOMATA AND REGULAR EXPRESSIONS ! {12 Hours)

Hmle State Systems, Detormlmstm F mqte Automata, Nondelermmlsttc Fmate Automata Nondetermlnistm
Finite Automata with Epsilon, Applications, Kleene’ Theorem; Two-way Finite Automata, Finite Automata with
Output, Regular Languages & Regular Expressions, Properties of Regular Sets: The Pumping Lemima for
Regular Sets, Closure Properties, Decision Properties of Regular Languages, Equivalence and Minimization of
Automata, Moore and Mealy Machines.

CONTEXT FREE GRAMMARS | (14t Iours)

DPfII'IIt(OI"r, Dpravatmn Trees & Amhigmw, Inherent An‘nb1guqty, Parse Tree, App! ication of CFG, blmplaﬂcatmn
of CFG, Normal Form of CFG, Chomsky Normal Form and Chomsky Hierarchy, Unrestricted Grammars,
Context-Sensitive Languages, Relations between Classes of Languages, Properties of Context Free Languages:
The Pumpmg Lemma, Closure Properties, Decision Properties of CFL.

PUSHDOWN AUTOMATA

Definitions, Languages of PDA, Equnvalenca of PDA and CFG, Deterministic PDA.

(06 Hours)

SubjectCode:nXX;H::Departmentldentity,n:Year, XX:SubjectSequencenumberXX:lastdigitO
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
IPG-Artificial Intelligence

TURING MACHINES l (07 Hours)

Turing Machine Model, Language of a Turing Machine (TM), Programming Techniques of the TM, Variations of
™, Multiple TM, One-Tape and Multi-Tape TM, Deterministic and Non delerministic TM, Universal TM,
Churche Thesis, Recursively Enumerable Languages, Decidability, Reducibility, Intractable Problem Classes of
Problemb NP Hard, NP Complele

rutomls W|EI be based on the coverage of the above toplcs L (15 HOUfS}

(Total Contact Time: 45 Hours + 15 Hours = 60 Hours)

Tutorials:

Problem statements hased on Regular Language and Finite Automata.

Questions based on Context Free Grammar.

Problems regarding Push Down Automata,

| Solving Problems for Turing Machine.

| Decidable and Undecidable Problems.

Books Remmmended

Michael Sipser, “Introduction to the Theow of (‘ompulallon" (enyago lvarnlng, 3;‘% 2013,

John C Martin, “ntroduction to Languages & the Theory of Computation”, 3/€, Tata McGraw-Hill,
2011.

John E. Hopcroft, Rajeev Motwani, Jeffrey Ullman, “Introduction to Automata theory, languages
computation, 3/€, Pearson Inclia, 2008.

Daniel 1 A Cohen, “Introduction to Computer Theory”, John Wiley & Sons, 2/, Reprint 2008.

Andrew llachinski, “Cellular Automata”, 1st Ed., World Scientific, 2001,
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IPG. 1l (A1) Semester — IV ) =~ il a "';;di't"
ARTIFICIAL INTELLIGENCE el It 0N i
1A202 scheme j 3 | 012 ‘ 04

co1

€o2

- €03

At end _of the program,__students wi_li beable to

CO4 | evaluate the Al'téchniques suitable for recent areas of appﬁtalions lilg_é;chertms-yStemS:,_iiel|raI

" Course Outcomes (COs):

[ Understand the role of agents and how it is related to environment and thé'\ﬁéy dfzv_él'ué-ting
it and how agents can act by establishing goals.

apply various knowledge representation technique, searching techniques, constraint
satisfaction problem and example problems- game playing techniques.

ar;élyse the current scbpc, potehfat, limitations, and impiications of intelligenl systems,

netwaorks, fuzzy logic, robotics, natural language processing, and computer vision.

KNOWLEDGE REPRESENTATION ' {06 Hours)

PRODUCTION SYSTEM

design a real world problem for inplementation and understand the dynamic behaviour of a
system.

INTRODUCYION TO Al (05 Hours)

Intelligent Agents, Al Technicues, Al-Problem formulation, Al Applications, Production Systems, Control
Strategies.

Knowledge Representation Using Predicate Logic, Introduction to Predicate Caleulus, Resolution, Use of
Predicate Calculus, Knowledge Representation Using other Logic-Structured Representation of Knowledge.

I-J-éfinir-‘.g”tljné problems as a State Space Search, Production Systems, Production Characlerisﬁcsff’rt}d uction
System Characteristics, Forward and Backward, State-Space Search, Problem Solving Methods - Problem
Graphs, Matching, Indexing.

PROBLEM-SOLVING Ti {ROUGH SEARCH

{_ -(-05 .I.i-ou r;]

SuhjectCode:lmn)()(;m!:Deparlmentldent%ty,n:Year,XX:SubjectSequencenumherXX:IastdigitU
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Generate and Test, BFS, DFS, 8lind, Heuristic, Problem-Reduction, A, A*, AO*, Minimax, Constraint
Propagation, Neural, Stochastic, and Evolutionary Search Algorithms, Sample Applications, Measure of
performance and Analysis of Search Algorithms, Problem Reduction, Constraint Satisfaction, Means-Ends
Analysis, Issues in the Desigh of Search Prograims.

[KNOWLEDGE INFERENCE ‘ {06 Hours)

Knowledge Representation -Procluction Based System, Frame Based System; Inference — Backward
Chaining, Forward Chaining, Rule Value Approach; Fuzzy Reasoning — Certainty Factors, Bayesian Theory-
Bayesian Network-Dempster - Shafer Theory; Symbolic Logic Under Uncertainly: Non-Monotonic
Reasoning, Logics for Non-Monotonic Reasoning; Statistical Reasoning : Probability and Bayes Theorem,
Certainty Factors, Probabilistic Graphical Models, Bayesian Networks, Markov Networks, Fuzzy Logic,

GAME PLAYING AND PLANNING
Overview and Example Domain: Overview, Minimax, Alpha-Beta Cut-Off, Refinements, lterative
Deepening, The Blocks World, Components of a Planning System, Goal Stack Planning, Nonlinear Planning
Using Constraint Posting, Hierarchical Planning, Reactive Systems, Other Planning Techniques.

(06 HOURS)

NATURAL LANGUAGE PROCESSING (05 Hours)

Aﬁélysis, Discourse Ewd_r-’-régr_hatic Fif_é;_é—eésﬁi;g,_sf)ell Checkiné: -

_iﬁt'réd_u_ao_n, Syntaclic lj-:'_é_ée-ssi_n_g,_sémantic
EXPERT SYSTEMS

Expert Systems, Architecture of Expert Systems, Roles of Expert Systems, Knowledge Acquisition, Meta
Knowledge, Heuristics, Typical Expert Systems - MYCIN, DART, XOON, Expert Systems Shells,

’ (05 H-our;}“

(30 Hours)

Practicals will he based on the coverage of the ahove topics using prolog.

(Total Contact Time: 45 Hours + 30 Hours = 75 Hours)

'3, Ppracticals;

1| Practical aséig?ﬁént fn_hnderétéhil_iﬁé_l_)é'éfcafc'éﬁié of prolog.

2 | Practical assignmem to i:hplemem various search stl'étegies. o
3 | Practical assigh_lﬁent_m implement various algorithm based on game theory.

Ihipieme_n_tétion of heuristic based search techniques.

: -wail_emenl—é'ﬁari of neural network based ap;)l'i'cal_i_(')_r-}.'
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' | Implementation of neuro-fuzzy based system. |
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Books Recommended - A

B e |

Elaine Rich and Kevin Knight, “Arn[lual IntellsganLe” 2nd Edmon Iata N‘Icfraw 1I|II ?0()1

Stuart Russell, Peter Noivig, Artificial Intelligence: A Modern Approach, 3rd Edlition, Prentice Hall, 2609,
Nils Nilsson, Artificial Intelligence: ANew Synthesis, Morgan Kaufmann, 1998,

W. Patterson, ‘Introduction to Artificial Intelligence and Expert Systems’, Prentice Hall of India, 2010.

I. Bratko, "Prolog Programming for Artificial Intelligence”, 3/, Addison-Wesley, 2001,

0 201-403 35 ?
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IPG. Il (Al) Semester ~ IV T e
OPERATING SYSTEMS B c -
o Scheme | 3| 0 |2 04
1. Course Outcomes [COs): - e S i

At the end of course, students will he ahfe to
€O1 | understand the 9|gn|f1rance of operatlng system in computmg devices, exempln’y the

communication between apphratlon programs and hardware devices through systom catls

€02 | compare and ;Ilustrate various DIGLESS 5chedut|n;, aigonthms

o3 apply approﬁriétﬁ m@mory and file mamgmnent schemes.

o4 | illustrate various disk scheduhnp 91;,or|thmf~;

€05 _demgn access coﬁt_rol and pl otection based modules for an operatmgj wslem

A T— R T ——

HI”BbUS

OPERATING SYSTEM OVERVIEW (04 Hours}

Operatmg System (OS} Oi)](‘(lIVE“i Fvo!utlon, Types, Major r\chmvemenls Modern ()poratmg Systerns,
Virtual Machines, OS Design Considerations for Multiprocessor and Multicore.

PROCESSES AND THREADS (05 Hﬂurs)

Pmcess Cuncept Process States Procéss i)escript:on, Plocess Contm! B!ock P( B a';a Data Strurture |n
Contemporary Operating Systems, Process Hierarchy, Processes vs Threads, Types of Threads, Multicore
and Multithreading, Case Study: Linux & Windows Process and Thread Management and its Related
System Calls,

CONCURRENCY: MUTUAL EXCLUSION AND SYNCHRON!?ATION l ({Js chrs]
Principles of Concunency. Mutual Exclumon Semaphores Momtors. Message Passmg, Roaderstrlters

<1 _prObIen] R — Fsials —— - ———— e - - -— - - - e e — ——
CONCURRENCY: DEADLOCIC AND STARVATION J (05 Hours) |

Principles of Deadlock, Deadlock prevention, Deadlock Avoidance, Deadlock Detection, Dining
hllosopher’s Problem Case Sludv Linux & Windows Concurrency Mefhamsm

SCHEDULING ] {08 Hours)

SubjectCode:HinXX;H#:Departmentldentity,n:Year, XX:SubjectSequencenumberXX:lastdigitO
(subjectofferedinbothODDandEVENsemesters, XX:01t030-lastdigitODDandEVENforODDandEVEN
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Uniprocessor Scheduling: Long Term Scheduling, Medium Term Scheduling, Short Term Scheduling,
Scheduling Algorithms: Short Term Scheduling Criteria, Use of Priorities, Alternative Scheduling Policies,
Performance Comparison, Fair-Share Scheduling. Multiprocessor Scheduling: Granularity, Design Issue,
Process Scheduling, Thread Scheduling, Real-Time Scheduling: Characteristics of RTOS, Real Time
Scheduling, Deadline Scheduling, Rate Monotonic Scheduling, Priority inversion. €ase Study: Linux &

MEMORY MANAGEMENT (05 Hours)

| Contiguous and Non-Contiguous Memory Allocation, Concepts of Simple Paging, Simple Segmentation.

| virtual Memory Concepts, Pagzngand Segmé}it_a_tibn ils_it1g Viljllalmﬁﬂ_eﬁ-mry,_l-’rmection and Sharing, Fetch

| Introduction to Shell Scri_p_f_éhd jjr-tl;;?a_ ms based onit.

5 | practical based on different Disk sch'e-(luling algoritli-rﬁ-.

7 | Practical based on file ]ﬁanageméht svste-rii:

Me}ﬁbr\f Hierarchy_, Static anii_[_)\,;naﬁé Menmry-AllocatiO:_L Oue-r'\-.'ie\'p\}”df S\'ﬁ_é[_)pin_g,_l\;}{:-l'tiple Partitions,

VIRTUAL MEMORY (05 Hours)

SRR [ e e

Policy, Placement Policy, Replacement Policy, Resident Set Management, Cleaning Policy, Load Control,
Case Study: Linux & Windows Memory Management.

1/0 MANAGEMENT AND DISK SCHEDULING (04 Hours)

/O Devi-ce, Org-anisatio-h' of the I/0 Function, Operat_i'hg 'S;stmn[)glgﬁ Issue, 1/0 éufféfing, Disk
Scheduling, RAID, Disk Cache, Case Study: Linux & Windows /0.

{04 Hours)

FILE MANAGEMENT
Overview of : Files & File Systems, File Structure, File Mé_r;a_ggﬁent S{;‘%telﬁs, File (')r".'g'_aﬁisati-dn and Arress,
B-tree, File Directories, File Sharing, Record Blocking, Secondary Storage Management, File System

Practicals will be hased on the coverage of the above topics separately | (30 Hours)

Introduction to Basic and Advance commands of Linux,

Practical based on different Memory management scheme.

practical based on different Process scheduling algorithm,

Process synchronization and deadlock.

Practical based on input output device mfa_n?dgelnerﬂ. '

S 1

SuhlectCocie:i!t!nxx;u‘m:{)epaflmentldeniity,n:Year,X)(:SubjectSequencermmberxx:lastdigito
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; __ Books Recommended

Silberschatz, Galvin and Gagne, "Operating System Concepts", 10/E, John WIIL\} & Sons,, 2018.
W. Stallings, "Operating Systerns: Internals and Design Principles”, 9/E, Pearson Pub., 201/,

W Richard Stevens, Stephen A Rago, "Advanced Programming in the UNIX Environment”; 3/E, Addison
Wesley Professional, 2013,

Kernighan & Pike, "UNIX programming Environment", 2/€, PHI-EEE, 2001,

A Tanenbaum, A Woodhull, "Opcr ating Syslems Design and Imp]vmenlatiun” 3/€, PHI EEE, 2006.

SubjectCode:dtnXX;{#:Depar tmentldentity,n:Year XX:SubjectSequencenumberXX:lastdigito
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At the end of the course, students will be able to

IPG. Il (A1) Semester - IV "l T lp Cmdn
MACHINE LEARNING A P

1A206 Scheme 3102 04
1. Course Qutcomes (COs): - o -

acquire knowledge of pattern recognition, regressmn classification, clustering algorithms and

| Data samplmg Data preprou.ssmg, Trdlnlnp, Valtdat:on, lestlnl,, i’uformance Fvaluat:on

ol
statistics.
co2 | applv different classification, regression, machine learning algoralhms and moclellmg o
€03 | a andlwe the data pat{ems and modelling for applymg the learning aigonlhms -
€04 | evaluate the performancv ofan a1gnrithm and comparison of different !mrn|n[5_t_é‘?i_1-n_iri[:_es -
€05 'des;gn solution for real life problems like biometric recognltlon, natural Ianguape procé;s;iri
and its related applications usingvarious tools and technigques of machine learning.
R R I [ _____ sy
T INTRODUCTION TO MACHINE LEARNING AND RELATED MATHEMATICS T (08 Hours)

Introduction to Machine Learning, Why Machine Learning?, Wpes Appllcailons of M/L, Python libraries for
ML, Fundamentals- Scalars, vectors, tensors, Equations, matrix, determinant, norms, kernel, Eigen values
and Eigen vectors, introduction to probabtlltv and statistics, stochastic descent

"DATA SAMPLING, PRE-PROCESSING AND PERFORMANCE EVALUATION (06 Hours)

| SUPERVISED LEARNING (08 Hours)

Classification and Regresqmn, Linear Regressmn Logistic Regressxon, k-Nearest nghbors Naive dees

Classifiers, Decision Trees, Supporlver.tor mwchme, Bap?tng, Boosting, Recommender system

| ARTIFICIAL NEURAL NETWORKS (05 Hours)

Artificial neu?é?nelwo'rk"_I\I_éL'Jr-o_ﬁs_, M-t:i-ltilayered ne-m_forks, Eiacf(}_aropagatioh model, RBM,- Recurrent

networks, Appl!cwttom of Neural Networks

| UNSUPERVISED LEARNING AND DIMENSIONALITY REDUCTION TECHNIQUES (07 uours)

| Clustering: k- Means Clustering, Density- -based clustering, Agglomerative Clustering, Association rules,

Dimensionality reduction, Principal Component Analysis, Linear Discriminant Analysis

| DEEP LEARNING (05 Hours)

L Deep NeuralNclworks Dee;} Iearnlng models/algﬂrlthms CNN RNN, Depp bﬁ!ief nelwmks i\uto encoders,

Subject(:ode XX HiDepar tmentldentity,n:Year,XX: SubJeLtScmuencenumberxx lastdigitO
(subjectofferedinbothODDandEVENsemesters, XX:01to30-lastdigitODDandEVENfor ODDandEVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects fistfor
Minor and Honor (M/Hit1-4), Subjects list for Specialization track (H1-4)EG: Engineering
Subject,SC:Science Subject{offeredcombinedlyby departments)(SVNITSurat)
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LsTM | |
APPLICATIONS (06 Hours)

_ _éiﬁrié-l-_Firoééﬁéii}g-ﬁ[)plira[l'oh- Biometric Recognition, Face and S[Jf'och Re?oaﬁan, Information Retrieval,

Natural languagn Procm‘;lng, Robntlcs and other case studies
{Total Contact Tlme 45 Hours+ 30 Hours =75 Hours}

3. Lab:

1. Handle missing values normalize features, and perform exploratory data analy51s (EUA) ona gwen dataset.

2.1 Implement linear regressmn using g sradient descent and evaluate it usnu, Mean Squared Error [MSE)

3. Build a logistic regression ‘model for hinan,r classification and evaluate using accuracy, precision, recali, and Fl1-
score,

H:i'r%iplement the K-NN algorithm from scratch and evaluate it on a classification dataset,
5. Build a decision tree classifier from scratch and visualize the tree after training on adataset.
6. Implement the K-Means algorithm from scratch and apply it for clustering on a given dataset.

7. 'Emplément PCA and reduce a i]é{ih-cl%ménsio:{al dataset to two _c-ompoh'eﬁ-l's_ then visualize the data,

8. Train a Random Forest classifier on adataset and evaluate performance with accurac\; / and confusion matrix

9, Build and train a simple feedforward neural network for classification tasks using a deep learning fra mework.

10, ML prmecl cievetopmont

¢1 Books Recommended:
1. Tom Mitchell, Machine Learnmg, McGraw Hill Suence/Lngmeermg/’Math
2. lan Goodfellow, Yoshua Bengio, Aaaron Courville, Franchis Bach, Deep Learning (Adaptive Computation and
Machine Learning series), MIT Press, 2017
3. Trevor Hastie, Robert Tibshirani, Jerome Friedman, The Elements of Statistical Learning, Springer, Second
edition
4, Christopher M. Bishop, “Pattern Recognition and Machine Learning”, 1st Edition, Springer, 2006.
5. Geoff Dougherty, “Pattern Recognition and Classification: An Introduction”, 1st Edition, Springer, 2013.

SubjectCode:fiinXX;#:Departmentldentity,n:Year XX:SubjectSequencenumberXX:lastdigitO
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semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 {Elective), Subjects listfor
Minor and Honor (M/Hi1-4), Subjects list for Specialization track (H1-4)EG: Engineering
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IPG. Il (Al) Semester ~ IV LT Ip!| credit
COMPUTER NETWQORKS | U o
1A208 : bchcm{' 31012 04

1. Course Qutcomes [COs):
At the end of the course, students will he able to
€01 | understand computer network models and services offered at different Ia\,mrs of network protorol stack.

CO2 | apply knowledge of data communication, clata transmission techniques using uanuus l{ansmlssmn medla
to deliver error free data and communicate with multiple nodes.

€03 analyso various mutlng methods to monttfv effective routmg protoco!s

€04 | evaluate network p performa nee hyr means of transport and flow control protocois, Congestion Control
protocols and Quality of services.

€05 | create a compuler network applmallon using mudern network tools and simulation softwares.

|Syllabus

|mrRobycnion (06 Hours)

Qverview of Computer Networks and Data (‘Umn‘.unwatlon Cr)mputer Nelworklng Pmtocols and
Standards, Types of Computer Networks, Network Topology, Protocol Hierarchies and Design Issues,
|Interfaces and Services, Networking Devices, OS1 and TCP/IP Reference Models.

PHYSICALLAYER : R |_ _{06 Hours)

Physical Layer Design Issues, Data rransmlsslon fechnlques Multtplemng, Transnnsmon Media,
Asynchronous Communication, Wireless Transmission, ISDN, ATM, Cellular Radio, Switching Technigues
and Issues.

|LOGICALLINK CONTROLIAYER (06 Hours)

LLC Design issues, Framing, Error and I‘!ow Control, Frammy Techniques, Error Control Methods, Flow
Control Methods, PPP and HOLC.

|MEDIUM ACCESS CONTROL LAYER ____[__ {06 Hours)

MAC Layer Design Issues, Channt_li\llocatlon Methods Multlple Acness Prolocols ALOHA, CSMA,
CSMA/CD Protocols, Collision Free Protocols, Limited Contention Protocols, LAN Architectures, IEEE -802
[Standards,  Ethernet(CSMA/CD), T Token Bus, Token Ring, DQOB, FDDI, Bridges and Recent Developments.

|NETWORK LAYER - S | (07 Hours)

SubjectCode:#nXX;HH:Depar tmentldentity,n:Year, XX:SubjectSequencenumberXX:lastdigit0
(subjectofferedinbothODDandEVENsemesters, XX:01to30~lastdigitODDandEVENfor ODDandEVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects listfor
Minor and Honor (M/Hf1-4), Subjects list for Specialization track (#1-4)EG: Engineering
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Network Layer Design Issues, Routing Algorithms and Protocols, Congestion Control Algorithms and Quos,
Internetworking, Addressing, N/W Layer Protocols and Recent Developments..

TRANSPORT LAYER B S ’ {07 Hours)

Transporl Layer Design Issues, Transport Services, Sockets, Addressing, Connection Establishment,
Connection Release, Flow Control and Buffering, Multiplexing, Transport Layer Protocols, Real Time
Transport Pratocol (RTP), Stream Control Transmission Protocol (SCTP), Congestion Control, QoS and

| Recent Developments, Virtualization, Network Functions Virtualization(NFV), Software Defined Networks.

| APPLICATION LAYER {07 Hours)

Client Server Model, Domaln Name S\;stem (ONS), Hyper Text rransfer Prolocol (HT lP), I':mall SMTTP,
MIME, POP3, Webmail, FTP, TELNET, Dynamic Host Control Protocol (DHCP), Simple Network Management
Protocol (SNMP) and Recent Developments.

Practicals will be based on the coverage of the above topics separately | {30 Hours)

(Total Contact Time: 45 Hours + 30 Hours= 75 Hours)

Fl;iict;Cﬂlﬁ' . - -

Study network conflpuratlon commands and computer network setup

Impleme ntation of different Data Link and MAC L ayer nr otocols.

_Implemenldllonof different Network Laver pro't'oc_ols

Implempntatlon of different Franqpor tand Apphcatlon Layer pzotom!s

[)ef.spn and configure a network systems using  modern network snnulalor suftwares

Implemunatlon of Secured Socket Layer protocol'

Implemmtatlon of ICMP hased message ‘transmission over nelwork.

Impiementallon of SMTP protocol for mail transfer.

Books Ruommended

“william Stalling, "Data and Computer Commumcahon“ 10/E, Pearson Inclla 2017.

8. Forouzan, "Data Communication and Networking", 5/E, McGraw Hill, 2017,

Douglas E. Comer, "Internetworking with TCP/IP Volume = 1", 6/E Pearson India, 2015.
Andrew S. Tanenbaum, "Computer Network", S/E, Pearson India, 2013,

W, Richard Stevens, "TCP/IP llustrated Volume - 1", 2/E, Addison Wesley, 2011.

SubjectCode:HHnXX;iH:Departmentldentity,n:Year XX:SubjectSequencenumberXX:lastdigit0
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Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG Il (Al) Semester -1V LI T ! p! credit
DATA SCIENCE :
1A212 Scheme |3|0|0| 3
1. Course Outcomes (COs): )
At end of the Course student will be able to
= - - s o
CO1 | Understand types of data and various data science approaches.
co2 | Apply various data pre-processing and manipulation techniques including various distributedﬂanalvsis
paradigm using hadoop and other tools and perform advance statistical analysis to solve complex and
large dataset problems.
CO3 | Analyze different large data like text data, stream data, graph data.
CO4 | Interpret and evaluate various large datasets by applying Data Mining techniqu_éé_like clustering, filtering,
factorization.
| CO5 Design the solution for the real life applications. B )
2. | syllabus
® INTRODUCTION (04 Hours)

Examples, Applications and Results Obtained Using Data Science Technigques, Overview of the Data Science
Process. Types of Data and Data Representations, Acquire Data, Process and Parse Data, Data
Manipulation, Data Cleaning, Exploratory Data Analysis.

STATISTICS FOR DATA SCIENCE (04 Hours)

| The Dimensionalit\}mProblem, Singular Value Decomposition (SVD_),_I_Dr_lnmpaI _Camponent Analysis {PCA),_'

Descriptive and Inferential statistics, Populations and Samples, Hypothesis testing.

PARADIGMS FOR DATA MANIPULATION, LARGE SCALE DATA SET (08 Hours)

Mapreduée (Hadoop), Query Large-Data Sets in Near Real Time with Pig and Hive, Moving from
Traditional Warehouses to Map Reduce, Distributed Databases, Distributed Hash Tables.

TEXT ANALYSIS (08 Hours)

Subject Code: #H#nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 {Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)

, Curriculum SVNIT Surat (58" Senate, 31 May 2023)

4/ 2 @ N chpf\



Sardar VallabhbhaiNational Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Data_F_Ia_t_fening, Filtering and Efﬁnking, Feature Scaling, Shingling of Documents, 'Locality Sensitive Hagﬁi'ng_
for Documents, Distance Measures, LSH Families for Other Distance Measures.

MINING DATA STREAM (06 Hours)

Sampling Data in a Stream, Filtering Streams, Countihg Distinct Elements in a Stream, Méments, Windows,
Clustering for Streams.

ADVANCED DATA ANALYSIS (10 Hours)

Link Analysis, Mining of Graph, Frequent Item Sets Analysis, High Dimensional and Hierarchical Clustering,
Recommendation Systems, Collaborative filtering. Visualization, Data Summaries, Data Storytelling, ML
Model-Checking and Comparison.

CASE STUDIES (05 Hours)

NLP in Customer Service, Energy Consump&ion analysis, Healthcare diagnostics, fraud detection and other
applications.

(Total Contact Time: 45 Hours)

Books Recommended:

_ Cathy O'Neil and Rachel Schutt, Doiné Data Science: Straight Talk from the Frontline, 1st Edition O'Reilly
Media, 2013, ISBN: 978-1449358655

Tom White, “Hadoop: The Definitive Guide”, 4" Edition, O’reilly Media, 2015, ISBN: 9781491901687.

Anand Rajaraman and Jeffrey David Ullman, “Mining of Massive Datasets”, 2™ Edition, Cambridge University
Press, 2014, ISBN: 9781107077232.

Peter Bruce, Andrew Bruce, “Practical Statistics for Data Scientists: 50” by, 1 Edition, O’reilly publishing
house, 2017, ISBN: 9781491952362,

Joel Grus, J. “Data science from scratch”, 1% Edition, O'Reilly Media, 2015, ISBN: 9781491901410.

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Pll’f{i.l(:&n Semester-V LT ] P | Credit ‘
 DEEP LEARNING o [ : !
'["“-3“-1 Scheme | 3 [ 0 | 21 4
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1. Course Outcomes (COs);
Atthe end of the course, stuclents will be able to

-i=_!en't‘ify problems that could be so!v"é-cﬂi_s_ing 'Dé'é_[_)_lf}ai'hi-ﬁg.'

€02 | Understand major components and key concepts of CNIN, RNN, GAN, and Transformers.

o3 | IJri-(_l'r-):'sta':-{d_r-ééa{t_adﬁéﬁééhzeﬁts in GANS.
€04 | Analyze and apply deep learning mocels for image and text tasks.

05 T)esjiéh é'[-)'plicaiidn_s-d'fﬁéh Ieaﬁrﬁga-f_’ﬁbkh and Keras,

| Modern Convolution Neural Networks

e

Syllabus
Introduction to Deep learning {09 Hours)
Motivation and } Ji'sh_)-ry of De_mﬁ 'i.ez-lr-nf'ng-, Overview of Aﬁp_llcn tions {;?;, Vision, S;}eécli, NIZP'), 5t 'l";}ri)rvif.ed -
learning, Unsupervised learning, Reinforcement learning, Artificial Neural Networks (ANNs) ,Shallow neural
networl, From fully Cannected Layers to Convolutions, Convolutions for images, Padding and Stride,

Pooling, Activation Functions: Sigmoid, ReLU, Tanh, Forward and Backpropagation Algorithms, Convolution
Neural Networks (LeNet) and floating point operations (FLOP), Gradient Descent, Optimization Algorithims

in Deep learning, Weight Initialization and Regularization Techniques, Hyperparameter Tuning (Learning
Rate, Batch Size), Qverfitting and Underfitting

l {05 Hours)
Deep Convolution Neural Networks (AlexNet), Notwork using Blocks (VGG), Network in Network (NiN),
Multi-Branch Networks (Googl.eNet), BatchNormalization, Layer Normalization, Instance Normalization,
Group Normalization, Residual Networks (ResNet), Densely Connected Network {DenseNet), Transfer
Learning and Fine-Tuning, Applications: Image Classification, Object Detection.

Moclern Recurrent Neural Networks N (.{)"3 i~l6{f;-§} :

""" els, Recurrent
Neural Networks, Long Short-Term Memory {LSTM), Gated Recurrent Units (GRU), Deep Recurrent Neural
Networks, Bidirectional Recurrent Neural Networks, Applications: Text Generation, Sentiment Analysis

“ l ._ih—ﬂ Hbﬂrs)

Introduction to Gé-h_éfa'livé_%déling

Subject Code: #iINXX; Hilt: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0

(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/HH1-4), Subjects list for Specialization track (I1-4) £G: Engineering Subject, SC: Science Subject
(offered combinedly by departments) {SYNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

Generative modeling, Auto-énc'oder, Variational Auto encoders (VAE),I_(IE_E:H_éféIivé- Adversarial Networks
(GANs), GAN Training and loss function, GAN Challenges, Made Collapse, Variants of GANs (DCGAN, cGAN,
WGAP,WGAN-GP), Applications: Image Synthesis, Style Transfer

e e PP S — 1

Applications of GANs and Advancad Topics [

| Image- -to-Image Translation (plx2plx) Neural Style Transfer (Style {aAN) Face Manipulation,
Superresolution, Inpainting, Image Segmentation, future of Generative Modeling, Explainable Al (XAl)

Introduction to Transformers and its Applications {09 Hours}

' (CG Houis)

Attention Modnmsms Natural language Transformer Language Modpls Soqupncp to- Sequenro
transformers, Vision Transformers. Text classification, Question Answering, Translation, Text Generation,

| future of Transformers, Applications: Machine Translation, BERT, GPT

(Total Contact Time: 45 Hours + f{{) H0urs = :‘5 Hours )

10.

3. Practicals:
1. Basic Programmmg, on depp Iearnmg frameworks Pytorch;‘l(eras deep learmng frameworks

2.1 Innge classification mmg difference CNN architecture in Pytorch;‘Km as. o -
3, Transfer Learning of pretrained models on MNIST dataset.

4. Time-Series Fdrééﬁéfi]]ﬂxilh the LSTM Model in Pytorch/l(éfaS: o

using Flask.

Dm:p Icarmng Techniques for image sg.ymcntatlon m Pylorch/Kems

6. Autoencoders usmp MNIST Handwritten d!g,ats in Pytorch/Keras

7. GAN for gnnvmtmp synthetic i nnapo on MNIST Handwritten (IIPItS dataset.

8. DCGAN for gonorwtmp Wnl_h(‘[i{'. tmdga on CIFAR dalaset,

9, Text classification usmg Transformer and Fine-tune a pre -trained Transformer (n g., BE RI) for sentiment
analysis.

Minor ijcct on classification and S‘fr‘lthEth |mage generanon and Deploy a trained DL model as a RESTAPI

4 Books Recommemled

L.
2.
3

Dive into Deep Learning: Book by Aston Zhang, Zack C, Lipton, Mu Li, Alex J., Smola.
Deep Learning. Book by tan Goodfellow and Yoshua Bengio and Aaron Courville, The MIT

Deoplmrnmp Foundations and Concepts, Bool by, ChnstopherM B;shop Hugh Hlshop

Subject Code: HHNXX; itk Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0

(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for QDD and EVEN
semesters (Mandatory Core), XX: 31 to SO (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/HIt1-4), Subjects list for Specialization track (f1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) (SVNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

4. Josh Patterson and Adam Gibéan, "Deep learning: A prac_t}ﬁo_nériS dp_p_roach’ d'Reilly Media, First Edition,";i
2017, ;
5. Seth Weidman,Deep Learning from Scratch: Building with Python from First Principles, O'Reilly

i
!
| |

Subject Code: #HNXX; Htt: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0

(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/HIt1-4), Subjects list for Specialization track {#1-4) EG: Engineering Subject, SC: Science Subjecl
(offered combinedly by departments) (SYNIT Surat)
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e e e
IPG I (A1) Sernester -V " !
cLoup computING |
l 11\303 SC]IGI‘HL ‘ 3 | V] l 2 a4 I
T Course Outcomesfcﬁgl__-___ S = -
At the end of the course, students willbe able to
COL | E xplain the core concepts of the doud romputlng paradigm: how and why this paradigm shift
came about, the characteristics, advantages and challenges brought about by the various
models and services in cloud computing.
o2 Applv the fundamental concepts in datacenters to understand the tradeoffs in ;mwer,
efficiency and cost.
O3 Identify resource management fundaméﬁt_éfs:, i.e. resc)l_zrtgz_ll')-s?_t_r}ur.tion,Eﬁarihg and f;a'nf_li')_r;k'i'hgm
and outline their role in managing infrastructure in cloud compuling.
cos -?\:ééll-\;z-e';ej—rﬂ|s cloud programming models and aﬁ{ii'v' them to solve prohléms onthe cloud.
CO5 | Will understand cloud security concepts, identify risks, and ébpiy security measures to protect
cloud environments.
2. 'Sy'llahtlls - o . -
OVERVIEW OF COMPUTING PARADIGM AND INTRODUCTION TO CLOUD COMPUTING | {06 Hours)

' fff'a'u'd'&ompuling stack, Service models {(XAAS), Deplowﬁéiitnl_ﬁ(')'(jél's.
| INFRASTRUCTURE AS A SERVICE 1 (05 Hours)

: "Ili'trod'ucliah,_flaud Platform and _M_éﬁagénié-hl, Web éérvic-es;,"We_-l)_fz_;i}jﬂe_ﬁf)ns e%aﬁihl-é_s:

| Recent trends in computmg, evolution of cloud computlng (.idl-\.ld.(.iu(Jlanlltihg (NIS_'i'_-rﬁodel), properties,

characteristics and disadvantages, role of open standards.

| CLOUD COMPUTING ARCHITECTURE | (05 Hours)

Intruducllon, HV|J9WISOI"§ Resource wrtuah?atmn exwmples

| PLATEORM AND SOFTWARE AS ASERVICE - . (Uallours)

SERVICE MANAGEMENT IN CLOUD COMPUTING o (06 Hours)
| service Level ?\g_reeme'ht-s (_?;LK},'éilling_é;l\_c_c“c;t]ﬁ_ting, conipariﬁg s'ca-li'ng hérdwaré, economics of 'sca-ling,

managing data. - '

CLOUD SECURITY | (07 Hours)

buIJJect Code: #HnXX; Hii: Department Identity, n; Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30~ last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 {Optianal Core), XX: 51 to 99 {Elective), Subjects list
for Minor and Honor (M/HH1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SYNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Infrastructure se securny, Data secunly  and storage Identtly and Access Minagemenl Access € onlrol Trust
and RLputateon Authentacatson in Cloud r;ompulmg

CASE STUDY ON OPEN SOURCE AND COMMERCIAL CLOUDS - } (08 Hours)

| Eucalyptus, VMware Cloud and Other case studies

“practicals will be based on the coverage of the above topics separately L (30 Hours)

[’{otal Contact Tlme 4!: Hours * 30-f!0urs = 75 Hours}

3. Practicals:

1. Evaluation of Platform as a Service

2. Dwelopment and [)eploymvnt of Software as a Service

B I:xploratlon of Service Mam;mment in Cloud Computmg

4, Siudy of Cloud Backup and Disaster Finrci\fery

5. Analysis of Cloud Cost Optimization

6. I'mi_ilér;aér:lnt_a_ﬁdh of Infrastructure and Data Protection
. Configuration of idlentity, Access Control and Authentication in Cloud Computing

8. Installation and management of Eucalyptus Cloud

9. Configuration and deployment of Viware Cloud

4. Books Recommen_de(! SR SO

1. Barrie Sosinsky: "Cloud C omputin{, 3 Bible", Wlley Indn, 2010

2. Rajkumar Buyya, James Broberg, Andrzej M. Goscinski: "Cloud Computing: Principles and Paradigms”, Wiley,
2011

3, Nikos Antonopotlos, Lee Gillam: "Cloud Computing: Principles, Systems and Applications", Springer, 2012

4. Ronald L. Krutz, Russell Dean Vines: "Cloud Security: A Comprehensive Guide to Secure Cloud Computing",

Wiley-India, 2010

Tim Mather, Subra Kumara swamy, Shahed Latif, Cloud Security and Privacy: An Enterprise Perspective on

Risks and Compliance, O'Reilly Media, 2009.

[Sa)

Subject Code: IHInXX; H#}: Department identity, n; Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30— last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H1-4), Subjects list for Specialization track (#1-4) £G: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Sardar Vallahhbhai National Institute of Technology {SYNIT) Surat

Department of Artificial Intelligence
Integrated BJech, {Anificial Intelligence) and M.Tech. {Artificial Intelligence)

IPG IIl (A} Semester -V - L T p Credit
LINEAR AND NONLINEAR OPTIMIZATION srasad s derns e e g
IA307 Scheme | 3 | 1 | ¢ 04

1. Course Outcomes (COs): N e

At the end of the course, students will he able to

col

Formulate and Solve Linear Programming Problems.

co2

Apply Techniques for Unconstrained Nonlinear Optimization.

co3

Solve Constrained Nonlinear Optimization Problems.

Co4

Implement and Utilize Optimization using standard Software Packages.

CO5

Analyze and Model Real-Worfd Optimization Problems.

Syllabus ' R ~ _l__

Introduction I_ (04 Hours)

Sets, funclluzls, sequences, continuity, drfferemlablhty, gradients, Taylor series oxpansmn VELtors II]E]UILF.‘S,
norms, symmetric matrices, engcnualuo doromposmon positive semldeflmte an(I positive defi mte matrices

Linear Optimization T ..M.,,_[-w ) {0} Ilours)

Linear programmmg. ||near algehra, geometry of polyhe(ha 2hc simplex mcthod duality, prunal duai

Convex sets dnd fun{:tluns (Ob Hours}

Convex sets, examples and properties, Convex functions, strict and strong convexity, examples "mLI
convexity preserving operations, Fquivalent definitions of convexity under differentiability assumptions

Unconstrained Optimization {08 Ilcurs)

Maxima, minima, stationary point, saddle point, local and global maximum/minimum, First order and
second order conditions for optimality, Linear, quadratic and convex optimization problems, examples,
Benefits of convexity

Constrained Optimizatiru)'n (08 Hours)‘

Subject Code: #HiinXX; Hit: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0

{subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor {M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) (SYNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat

Department of Artificial intelligence
Integrated B.Tech, (Anificial Intelligence) and M.Tech. (Artificial Imelligence)

Constrained optimization problem, feasible set, Lagrangian, KKT conditions, Linear and quadratic
optimization, Duality for convex optimization theorem of alternatives, Farkas' lemma
Algorithms for Optimization (07 Hours)

| Gradient descent with fixed step sie, line search and Armijo-Goldstein rule, Newton method and variations,
Conjugate gradient and Quasi-newton methods, Algorithms for constrained optimization: Projected
gradient descent, dual ascent, altemating direction method of multipliers

Applications (05 Hours)

Applications in statistics, machine learning and computer science

Tutorials will be based on the coverage of the above topics separately. (15 Hours)

e s v

(Total Contact Time: 45 Hours + 15 Hours = 60 Hours)

3. Tutorials:

1. Introduction to Linear Programming & Graphical Method

‘}‘!:‘Slmplex Method {Maximization)

=3 Simplex Method {Minimization) & Si}ECIrEITEﬂSES -

4, I)uahty and Sensitivity /\nal.\}siS

6. Calculating gradients and Hessians, applying steepest descent

7. Newton's Method & Conjugate Gradient Methods

I'E'i_.ncénstrained Optimization: Lagrange Multipliers

9. Karush-Kuhn-Tucker (KKT) Conditions

10. Real-World Applications & Case Studies

4, Books Recommended:

1. Convex optimization by Boyd, Stephen, and Lieven Vandenherghe

2. Linear and nonlinear programming byLuenberger, David G., and Yinyu Ye
3, Nonlinear programming by Bertsekas, Dimitri P.

Subject Code: #itnXX; Ht: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 {Optional Core), XX: 51 to 99 (Elective}, Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) {SYNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SYNIT) Surat

Department of Artificial Intelligence
Integrated B.Tech. {Adificial tnlelligence) and M.Tech. (Artificial Intelligence)

4, Numeri(_:da-f 0|Jti:1-1i;a.—tﬂi(':;:'1yhv Nacedal, lorge and Wright, Stephen. . Springer, 19539

5. Linear and Nonlinear Optimization bylgor Griva, Stephen G. Nash, and Ariela Sofer

Subject Code: HInXX; #it: Department Identity, n: Year, XX: Subject Sequence number XX:

last digit O

(subject offered in hoth ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/Hit1-4}, Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject

(offered combinedly by departments) (SYNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG. IIl (Al) Semester —V AL

Credit
INFORMATION SECURITY AND CRYPTOGRAPHY
1A309
Scheme (3|1 0| 04

1. Course Outcomes (COs):
At the end of the course, students will be able to
CO1 | understands the key concept and mathematical background of cryptography.
€02 | apply the concept of security mechanisms from the application developer’s perspective.
CO3 | analyse security mechanisms while trying to satisfy the required security services.
CO4 | evaluate different information hiding and authentication techniques.
COS | design and develop the security solution depending on the organisation’s requirements.

Syllabus

Introduction to Information Security and Cryptography (03 Hours)

Cryptography, Types, Goals of cryptography

Elements of Information Security, Security Attacks, Security Services, Basic Terminology in

Data Encryption Techniques

(08 Hours)

Permutation Cipher, Stream Ciphers, Cryptanalysis

Encryption methods, substitution ciphers: The caesar cipher, mono alphabetic cipher, play fair
cipher, hill cipher, one-time pad cipher, transposition cipher, Shift Cipher, Affine Cipher,

Data Encryption and Advanced Encryption Standards

(09 Hours)

Block ciphers, festal cipher, data encryption standard, working and cracking of DES, Concept of advanced
encryption standard, Key generation, encryption and decryption procession of AES, advantages of AES.
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

B Number Theory (06 Hours)

Prime number, Modular arithmetic, Fermat’s theorem, Euler’s theorem, Chinese remainder theorem

Symmetric Ciphers (06 Hours)

Concept of Symmetric cipher, blowfish encryption, RC5, RC4, IDEA

Public Key cryptosyatem (06 Hours)

Public key cryptography, key le ngth and encryption strength, applications of public key cryptography, RSA
algorithm

Key management and Authentication (07 Hours)

Diffie-Hellman key exchange, authentication methods, message digest MD2, MD4 , MD5 , SHA, kerberos,

X.509, digital signature

Practicals will be based on the coverage of the above topics separately. ‘ (30 Hours)

(Total Contact Time: 45 Hours + 15 Hours = 60 Hours)

3. Tutorials

1. Tutorial on Caesar Cipher and Shift

2. Tutorial on Monoalphabetic and Playfair Cipher using substitution and digraph-based encryption
methods.

3. Tutorial on Hill and Affine Cipher using matrix and mathematical transformation techniques.

4. Tutorial on number theory

5.Tutorial based on Shift Cipher that shifts characters by a fixed number for encryption and decryption.

6. Tutorial on DES and AES Algorithms — Demonstrate symmetric encryption and compare performance
using ECB/CBC modes.

7. Tutorial on Diffie-Hellman Key Exchange — Simulate secure key sharing over an insecure channel.

8. Tutorial on MD5 and SHA Algorithms




Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

4

. Books Recommended:

Stinson, Douglas R., “Cryptography: theory and practice”, 3rd Edition, Chapman and Hall/CRC, 2005.

Stallings, William, “Cryptography and network security: principles and practice”, 7th Edition, Upper Saddle
River: Pearson, 2017.

Forouzan, Behrouz A., “Cryptography & network security”, 3rd Edition, McGraw-Hill, Inc., 2007.

Schneier, Bruce, “Applied cryptography: protocols, algorithms, and source code in C”, 2nd Edition, john wiley &
sons, 2007.
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B. Tech. Il (Al) Semester-v L T B Cfedit_
GAME THEQRY . I O
Al351 Scheme l 311 |U 04

1. Course Qutcomes (COs):

At the end of the course, students willhe able to |
CO1 | Learn how individuals and 0|gan|zat|0ns make rational choices in compentwe and coopet ative
environments

Cco2 Explore dlfferenttypes of games including zero-sum, non-zero-sum, cooperatwe, and non-
cooperative games

CO3 Study equ:iibrmm concepts to predict and explaln s{rategtc interactions in various scenarios.

Co4 ;‘\pply game- -theoretic pnnmpies to economlcs busmess polattcs social sciences and technolopy

| cO5 | Enhance analvtlcal abilities to model and solve strategic problems effectively _

2. | Syllabus
| INTRODUCTION TO GAME THEORY S (06 Hours}

[Jefmltmn scope appllcatlons types of ¢ games {cooperatlve vs. non- cooper atwe 2€r0-SUm VS, NON-2€r0-
sum} basic tummology, strateglc interactions in economics. and somal sciences.

STRATEGIC FORM GAMES AND NASH EQUILIBRIUM i | (08 Hours)

Normal-form representatlon dominant and dominated strategles hest response ana!vsm Nash
equmbrmm mixed stratep:es existence and computation of equnibrla
EXTENSIVE FORM GAMES AND SUBGAME PERFECTION {0; Hours}

| Sequential gamés_ extensive- fo”rmrepreséaita"t_i'bﬁ backward induction, éui);_g'é;i:lé_[_}gr_f_éﬂ_équ:hhmam
perfect information vs. unperfect mformat:on games, appl;catlons in bargalmng
"REPEATED AND STOCHASTIC GAMES " ( 06 Hours)

Ef_ihité'lv fébeated gam es, folk theorems, 'ét'rétééiééufb}_ Eo_oper'ation',_ stochastic g;rﬁgs-; Markov strategle_s," _

applications in long-term strategicinteractions.

'BAVESIAN GAMES AND INCOMPLETE INFORMATION ' | (06 Hours)

Games with asymmetric information, Bayesian Nash equilibrium, signaling and Sc}ééhing;'éucticjn tﬁ-é_d}y,
mechanism des;gn apphcatlons

. coopEriAnvE GAME THEORY AND BARGAINING SOLUTIONS (06 HOU,S)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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B.Tech. Artificial Intelligence

husiness and international negotiations. B ]
APPLICATIONS AND ADVANCED TOPICS { (06 Hours)

Evolutionary game theory, mechanism design, matching markets, voting and fair division, real-world
applications in economics, politics,and Al-driven strategy models.

" (Total Contact Time: 45 Hourst 15 Hours = 60 Hours)

3. Tutorials:

. |dentifygﬁd-é_li'r}_{i;{a_t_é dominated strategies in normal-form gaﬁes.
2. Compuite pure and mixed strategy Nash equilibria using best response analysis.

”ﬁaﬁé-éed[iéﬁél gaméé l_)gf abplying packward induction.

4, Anal\;ze Ion_g-;é_rm s-t_rgt_eﬁ -i-nt'f.a}é_ct'io_ﬁ_s_and- Ec_)_o_perati_dﬁ in infinitely réﬁééted games. -

5. Solve games where players have private information.

FStudv different auction formats and optimal bidding slr_étegies; '

A Analy_ze how coalitions form and distribute payoffs in codperati'\}é games.

"9, Understand evolu'tionarilv_stéb!e stratégi_éé [ESS) in “dy-i-]é_rﬁi-rf ;;alﬁes.

{ 10. Apply game«theofetic concepts to l)Us{neS_s,_;)-aiiti{:S, and Eﬁ-bé_r;éc_ﬁ_riiy.

4, Books Recommended: S

1. Y. Narahari, “Game Theory and Mechanism Design: 4 (11Sc Lecture Notes Series),” World
Scientific Publishing Co Pyt Ltd, May 07, 2014, ISBN-13: 978-9814525046

9. Anna R. Karlin and Yuval Peres, "Game Theory, Alive,” American Mathematical Sociely, Apr 2/,

2017, ISBN-13: 978-1470419820 [Available Online].

Roger B. Myerson, "Garne Theory: Analysis of Conflict,” Harvard University Press, September

1997, ISBN-13: 9780674341159,

4, Martin J. Osborne, “An Introduction to Game 1 heory," Oxford University Press, 2003, ISBN- 13:

978-01951289%0.

D. Fudenberg and ). Tirole, “Game Theory,” Indian Edition by Ane Books, 2005, ISBN-13: 978-

8180520822,

[¥ )

n
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG lll (Al) Semester -V LIt !le! credit
INTRODUCTION TO QUANTUM COMPUTING -
IA353 Scheme |3 |0 |0 03 ‘
1. Course Outcomes (COs):

At the end of the course, students will be able to

Co1

Understanding Quantum Computing Fundamentals

Co2

Analyzing Quantum Computing Applications

Co3

Deuelbp Quantum Circuits Using Qiskit

co4

Explore NISQ Era and Industrial Applications

CO5

Apply—i_ﬁg Quantum Circuit Models to solve problems

Syllabus

Foundations

(08 Hours)

Hilbert spaces (finite d|men5|onal) Axioms of quantum probablhty Quantum vs Classical probablllty

IBM Quantum Perspectwe, Q Mission in India (08 Ho;,rs,
- '_IE»Micmemtum Composer and Quantum Lab using Qiskit, Quantum Computing Appilcatqons Quantum

Computing Basics,

Quantum Computing ) (11 Hours)

Turing machines, Boolean circuits, Quantum Circuits, Universality. Simon's problem, Phase f
algonthm Grovers algorithm, Probablllt\; amplification. Some appllcatlons

inding, Shor's

Quantum Information processing (06 Hours)

Quantum error correction.Knill- Laflamme theorem, Stablhser codes

Quantum Algorithms - (07 Hours)
- Oracles, Deustch Jozsa, Grover's Algorithm with Hands-on, etc. o

Quantum Algorithms for NISQ (05 Hours)
| NISQ era Quantum Algonthms for VQE/QAOA and industrial applications ]

Tutorials will be based on the coverage of the above tO[;l-Es: é_t_epar;_t_ely (15 Hours)

Total Contact Time = 45 Hours

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

4 Books Recommended

1. Michael A. Nielsen and lsaac L. Chuang, Quantum Com putation and Quantum Information, Cambrldge
University Press (2010)

2. Eleanor G. Rieffel, Wolfgang H. Polak, Quantum Computing: A Gentle Introduction (Scientific and Engineering
Computation), MIT Press (2014)

3. Hiu Yung Wong, Introduction to Quantum Computing: From a Layperson to a Programmer, Springer Nature

4. Qiskit Textbook: https://qiskit.org/textbook/preface.html

@ v w N
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IPG Il (Al) Semester - V | ' ' :
NATURAL LANGUAGE PROCESSING (B & #y el

1. Course Outcomes (COs):
At the end of the course, students will be able to .
CO1 | Understand the fundamental concepts of NLP and its applications.

CO2 | Understand and Implement text preprocessing techniques (tokenization, stemming,
lemmatization, etc.).

CO3 | Apply various feature engineering, word embeddings, and other deep Iearning methods for NLP
tasks.

CO4 | Build and evaluate NLP models for text classification, information extraction, and sequence to
sequence modeling tasks.

CO5 | Utilize NLP tools and Iibrarieé'(NLTK, spaCy, scikit-learn, transformers, P‘ytorch, HuggingFace).

CO6 | Design and implement a Complete NLP p_rojeot.

2. | Syllabus
Introduction to NLP R ' ’ (05 Hours)

What is NLP? History and applications of NLP, Challenges in NLP, NLP pipeline, Basic language
processing: Regular expressions, finite state automata and its applications .
Text Preprocessing (07 Hours)

Tokenization, stemming, and lemmatization, Stop word removal, Handling noisy text, n-gram
Language Model, Smoothing Techniques _
Representations for NLP (08 Hours)

Bag of Words (BoW), TF-IDF, N-grams, Word embeddings: Word2Vec, GloVe, FastText,
Contextualized word embeddings: BERT, RoBERTa, Unsupervised Word Embeddings _
Text Classification (08 Hours)

ML Approaches (Naive Bayeé, Suppoft Vector Machines (SVMs), Logié{ic Regression, Decision
Trees and Random Forests, Multi-Layer Perceptron), Deep Learning approaches using contextual
embeddings, different text classification tasks, Evaluation metrics: Accuracy, precision, recall, F1- |

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

score.

Sequence Labeling Tasks (08 Hours)

Part-of-Speech (POS) tagging, Chunking, Constituency and De‘ﬁéﬁdency Parsing, Named Entity
Recognition (NER), Relation extraction, Shallow Parsing, Multi-Task Learning, Evaluation metrics
for sequence prediction tasks

Sequence-to-Sequence Modeling (09 Hours)

Recurrent Neural Networks (RNNs), LSTMs, GRUs, Encoder-decoder architecture, Attention
mechanisms, Beam search, transformers, encoder-only and decoder-only models, Applications:
Machine translation, Text summarization, Question and Answering, Evaluation metrics used for
MT, Summarization, and Q&A

(Total Contact Time: 45 Hours)

. Books Recommended:

. Speech and Language Processing, Daniel Jurafsky and James H. Martin

. Natural Language Processing with Transformers, Lewis Tunstall, Leandro von Werra, Thomas Wolf

. Natural Language Processing with Python by Bird, Klein, and Loper

. Natural Language Processing, Pushpak Bhattacharyya, Aditya Joshi

. Practical Natural Language Processing, Sowmya Vajjala, Bodhisattwa Majumder, Anuj Gupta, Harshit
Surana, O'Reilly Media, Inc.

6. Online Tutorials: Hugging Face, PyTorch, Sklearn, Stanza, NLTK, Spacy

7. Latest research papers from top tier conferences (ACL, NEURIPS, AAAI, NAACL, COLING, CONLL,
SIGIR, IUCNLP, LREC)

G WhN =W
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG Il (Al) Semester -V LTl credit
APPLIED MACHINE LEARNING g
1A357 Scheme 3/0|0 03

1. Course Outcomes (COs):
At the end of the course, students will be able to

CO1 | To understand various machine learning techniques and formulation of problem in diverse
field.

coz | To perform data analy5|s, data clustering and data transformation technlquesfor better usage
and enhancement of available data.

€03 | To evaluate and com pare the appropria'teness and complexity of various machine learning
techniques for real life problems

' cO4 | To apply these techriiques of the algorithms to the hard machine learning problems.

COS | To design the solution for the real life prbblems using machine Iearhing approacﬁes.

2. | syllabus

-Super\:ised Vs Un_supervised Learning, Bias-Variance Tradeoff, PerfoHnance Metrics & Model Evaluation
Feature Engineering & Selection, Data Preprocessing & Augmentation, Handling Imbalanced Data
Hyperparameter Tuning & Optimization, Cross-validation Techniques, Model Interpretability

DEEP LEARNING AND NEURAL NETWORKS (07 Hours)

FOUNDATIONS OF APPLIED ML | " - (06 Hours)

Neural Network Architectures, Activation Functions & Loss Functions, Backpropagation & Optimization
CNNs for Image Processing, RNNs & LSTMs for Sequence Data, Transformers & Attention Mechanisms
Pretrained Models & Transfer Learning, Fine-Tuning Strategies, Autoencoders & GANs

Ensemble Methods {Baggihg, Boosting, Stacking), Gradient Boosting & XGBoost, Explainable Al (XAI)
Handling Large-scale Datasets, Distributed Training, Model Deployment in Production Time Series
Forecastmg, Sequenllal Models, Causal Inference in ML

ADVANCED SUPERVISED LEARNING (06 Hours)

UNSUPERVISED AND SELF-SUPERVISED LEARNING a (06 Hours)

Clustering fechniqueé (K-Means,—DBSCAN, Hierarchical), Anomaly Detection, Density Estimation
Dimensionality Reduction (PCA, t-SNE, UMAP), Representation Learning, Self-Supervised Learning Graph
Neural Networks, Network Embeddings, Knowledge Graphs in ML

Subject Code: ##nXX; tH: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

REINFORCEMENT LEARNING AND OPTIMIZATION o " (06 Hours) |

Markov Decision Processes, PE)licy éfadients, Q-learning & Deep Q-_Networks (DQN) Multi-Agent RI:, Model-
Based RL, Reward Engineering & Exploration Strategies Bayesian Optimization, Evolutionary Algorithms,
Meta-Learning & Few-shot Learning

ML IN REAL WORLD APPLICATIONS (07 Hours)

ML for Healthcare, Finance & Cybersecurity, Bias & Fairness in Al, Ethical Al & Regulations i\?lLOps & Cl/CD
for ML, Scalable Model Serving, Cloud & Edge Al Deployment A/B Testing, Experimentation Frameworks,
ML-driven Business Intelligence

ADVANCED TOPICS AND FUTURE TRENDS ) (07 Hours)

Federated Learning & Privacy-Preserving-ML, Differential Privacy, Secure & Trustworth\é Al Quantum ML,
Neuromorphic Computing, ML for Scientific Discovery & Autonomous Systems Large Language Models
(LLMs), Multimodal Al, Open Challenges in Al Research

(Total Contact Time: 45 Hours)

| 4. Books Recommended:

Peter Flach, Machine Learning: The Art and Science of A!gonthms That Make Sense of Data, Cambndge
University Press, 2012,

lan Goodfellow, Yoshua Bengio, Aaaron Courville, Franchis Bach, Deep Learning (Adaptive Computation and
Machine Learning series), MIT Press, 2017

Trevor Hastie, Robert Tibshirani, Jerome Friedman, The Elements of Statistical Learning, Springer, Second

1.

edition
Christopher M. Bishop, “Pattern Recognition and Machine Learning”, 1st Edition, Springer, 2006.
Geoff Dougherty, “Pattern Recognition and Classification: An Introduction”, 1st Edition, Springer, 2013.
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Cardar Vallabhbhai National Institute of Technology {SWRIT) Suraf
Department of Artificial Intelligence
Iniczrated B.Tech, (Artifidal Intelligence) and M.T ech. (Artiticial Intelligence)

FIRG (A1) Semester - VI
HIGH PERFORMANCE COMPUTING
[1.1'\,302{ Scheme 1 3 |

T
e

1. Course Outcomes (COs):

At the end of the course, students willbe able to S
co1 | Learn concepts, issues and limitations related to parallel computing architecture and software
development.

cO? | Apply different parallel models of computation, parallel architectures, interconnections and
various memory organization in modern high performance architectures,

"c03 | Analyze the algorithms to map them onto parallel architectures for parallelism.

€04 | Evaluate the performance of different architectures éhibzara\lel alg_brithmé with different
aspects of real time problems.

€05 | Design sarallel programs for shared-memory architectures and distributed-memory
architectures using modern tools like OpenMP and MPI, respectively for given problems.

2. | Syllabus

| PARMICLPROCESSING CONCERTS l (T
- l'_euels_of Parai[elism _{'Elzustruction, 'I'Irahsactioh;-'I‘asl<“,_"l"hreét'l',_Memorif, Functioﬁ),Model_s{SIMIJI,'MIMI), -
SIMT, SPMD, Dataflow Models, Demand-driven Computation etc.), Architectures: N wide Superscalar
Architectures, Multi-core, Multi-threaded.

FUNDAMENTAL DESIGN ISSUES INPARALLELCOMPUTING (06 Hours)

‘Synchronization, Scheduling, Job Allocation, Job Partitioning, Dependency Analysis, Mapping parallel
Algorithins onto Parallel Architectures, Performance Analysis of Parallel Algorithms.
FUNDAMENTAL IMITATIONS FACING PARALLEL COMPUTING (06 I-Iouré)

Bandwidth 'Li_:_rﬁté'tidl'{s_,-i.éléh& Limita fiohg,_l._a"te-t-l_c;,}" i—liéi-i_:_*ng_ﬁ'blera'ti'ﬂ'g "fechniques and their L'I"r:ﬁ'iét'i'l‘)’:{s;
power-Aware Computing and Communication, Power-Aware Processing Techniques, Power-Aware Memory
Design, Power-Aware Interconnect Design, Software Power Management

| PARALLELPROGRAMNMING | {1 Howrs)
| programming Languages and Programming-Language Extensions for HPC, Inter-Process Communication,
synchronization, Mutual Exclusion, Basics of Parallel Architecture, Parallel Programming Parallel
Programming with OpenMP and (P_o_s_;girhreads, Message Passing with MPI. ;

Subject Code: HilnXX; ##i#: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, ¥X: 01 to 30 - last digit ODD and EVEN for ODD and
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for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
$C: Science Subject (offered combinedly by departiments) (SVNIT Surat)
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Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

PARALLEL PROGRAMMING WITHCUDA I ' '{iolmurs}

Proct,ssor Archlt&(ltlre Inlerconneat Comrmlnlcatmn Memory Org,amzatmn and Programming Models in
High Performance Computing Architectures: (Fxamples: IBM CELL RE, Nvidia Tesla GPU, Intel Larrabee
Micro architecture and Intel Nehalem Micro archilecture), Memory Hierarchy and Transaction Specific
Memory Desagn Thmad (eranwalmn

| ADVANCED TOPICS o I ‘ (04 Hours]

| Petascale C Compullng, 0pt|cs in Parallel (‘ompu%mg, Qafantum Computers

Practicals will be based on the coverage of the above topics separately l {30 Hours)

(Total Contact Time: _{l5 Hours -l 30 i_flgurs = _}5 Houﬁ)

3. Practicals:

1. Practical to implement and analyze matrix multiplication using task and thread-level parallelism on a multi-
COTe Processor.

2. To implement an edge detection algorithm (e.g., Sobel filter) using CUDA, leveraging SIMT architecture and
memory-level parallelism,

3. Practical to |mpiement the classic producer- consumer pwblem using semanhoros to mana[,e wnchromzatmn
hetween multiple threads.

4. To nnplement parallel meu_;e sortusing task-based parallelism and analyze task. Llependenueb and
porformanco

5. To evaluate how power-aware proressmp lechmqu:.s (Ilke l)vmm;r Vcllag e and Fr L[|lIC‘I'|C\,|" Scallng - DVF S) -
alfect CPU performance, energy consumplion, and latency under different workloads.

6. Practical tonnplem?nt parallel matrix multlpllmtlon1|5|ng (JpcnnMP demonslmlmy the co contepts of
parallelism, synchronization, and mutual exclusion in shared-memory systerns.

7. Practical Based on Distributed Sortmg Using MPI

8. Practical to analyze the performance of CUDA cores by implementing a parallel vector addition algori'tuh'l';r"'n-,
focusing on thread organization, memory hierarchy (global, shared, and register memory), and communication
within GPU threads

4. 800|(S Recommendecl ) -

1. John L. Hennessy "md David A Patterson "Lomputer Architecture - A Quantltatwe A[Jf)(OaCh ,blh Edition,
Morgan Kaufmann Publishers, 2017,1S8N 13: 978-0-12-383872-8.

2. Barbara Chapman, Gabriele Jost and Ruud van der Pas, “Using OpenMP: portable shared memory parallel
programming”, The MIT Press, 2008, ISBN-13: 978-0-262-53302-7.

3. PachecoS. Peter, “Parallel Programming with MPI”, Morgan Kaufman Publishers, 1992, Paperback ISBN:
9781558603394,
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Marc Snir, Jack Dongarra, Janusz S. Kowalik, Steven Huss-Lederman, Steve W. Otto, David W. Walker, “MPI: ]
The Complete Reference, Volume2”, The MIT Press, 1998, ISBN: 9780262571234,
Pacheco S. Peter, “Parallet Programming with MPI”, Morgan Kaufman Publishers, 1992, Paperback 1SBN:
9731558603384,
https://docs.nvidia.com/cuda/cuda-c-programming-guide/index.html
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
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Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

IPG.
Cyber-Physical Systems

B ' I
111 (A1) Semester-Vi nEmre dit‘

1A304 Scheme [ 3 /0|0 3 J

[1. Course Outcomes (COs):
At the end of the course, students will be able to

CO1 | Understand the fundamental principles of Cyber-Physical Systems.
| co2 | Identify the key components and architecture of CPS.

CO3 | Apply basic design brinciples' for creatiné CPS.

CO4 | Understand real-time computing and communication constraints in CPS. o
| CO5 | Analyze and apply CPS in real-world application domains.

2. | Syllabus

Introduction to Cyber-Physical Systems ' ' ' (04Hours)

Definition and characteristics of CPS, Historical development of CPS and their importance, Key examples of
CPS: Autonomous vehicles, industrial automation, healthcare, smart grids, smart cities, Overview of CPS
architecture: physical components, computational systems, communication networks, Difference between
classical systems and CPS

Core Cor_nponents_ of Cyber-Physical Systems - (05 Hour:si |

Physical Components: Sensors, actuators, embedded systems, and hardware platforms, Computational '
Components: Embedded processors, real-time operating systems, and software algorithms, Communication
Networks: Wired and wireless communication, loT protocols, and network latency, Feedback Loops:
Interaction between physical systems and their digital counterparts

Cyber-Physical Systems Architecture _ - - (08 Hours)

System Architecture Models: Layered architecture (perteption, control, and actuation layers), Data Flow in
CPS: Sensing, processing, decision-making, and actuation, Integration Challenges: Synchronization of
physical and computational processes, system interdependence, Edge and Cloud Computing in CPS: The
role of distributed computing

Real-Time Svsterhs and Constraints in CPS _ _ _ (08 Hours)"

Real-time computing and control in CPS, Timing constraints: Deadline-sensitive tasks, scheduling, and
resource allocation, Real-time operating systems (RTOS) and their role in CPS, Handling delay, jitter, and

Subject Code: #nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O

(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
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[ syhchronization in CPS, Real-Time Scheduling for Cyber-PhysicaI S;,éstems, Safety and reliability in real-time
systems _ ) _
Sensors and Actuators in CPS (08 Hours)

Types of sensors: Temperature, pressure, motion, proximity, etc.,Sensor calibration and data acquisition
techniques, Actuators and control techniques: Combining data from multiple sensors to improve accuracy
and decision-making, Wireless sensors and Internet of Things (loT) in CPS, Real time sensing and
communication =
Communication Protocols for CPS (08 Hours)

Wired and wireless communication tec-hnologies in CPS, loT protocols (e.g., MQTT, CoAP, Zigbee),—
Communication latency, bandwidth, and throughput, Security and privacy issues in CPS communication,
Network topology and design considerations for distributed CPS

Applications and Case Studies - (04 Hours;)_
Smart Grids, Autonomous Vehicles, Healthcare CPS, Industrial CPS (Industry 4.0), Autonomous Systems and '

| Robotics i

| B (Total Contact Time: 45 Hours = 45 _Hourg
. Books Recomrﬁended: _ . - ]

Cyber-Physical Systems: From Theory to Practice by Rajesh K. Gupta and Phillip A. Laplahte

Principles of Cyber-Physical Systems - Rajeev Alur

Machine Learning for Cyber-Physical Systems" by Nuno J. G. Gomes

Introduction to Embedded Systems — A Cyber— Physical Systems Approach" - E. A. Lee, Sanjit Seshia

.[E-“F'E”E‘-”.“W‘

Raj Rajkumar, Dionisio De Niz, and Mark Klein, Cyber-Physical Systems, Addison-Wesley Professional

Subject Code: #HNXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
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IPG Il (Al) Semester VI S |“ 'r" _,, Cr;n ‘
BIG DATA ANALYTICS & VISUALZATION ) |
1A306 Scheme l 3 ol 2 ‘ 04

1. | Course Outcomes {CO's}I:_ o
At the end of the course, students will be able to

€O1 | To leam the basics of big data, its characterlshcs, I)lg data v management issues processmg
and applications with the help of big data platforms and storage moclels for big dala
management..

€02 | To learn the 'r:ri-é_rﬁ[{'efné_r'l-l"alld dna!ysls of big data using technolog;v' like Ha'c-l'c-nop_,- NoSdI,ﬂ
MapReduce, PIG & HIVE

CO3 | To apply the data mining algorithms on big data for scalability of the real time appllcatlons

04 | To develop research interest towards advances in data mining by analyzing t the available
approaches with the help of evaluating parameters.

COS | To Visualize lJ|g data to perfarm decision rmkmg in real world ;)I0b|ei‘n‘;

2. | Syllabus

INTRODUCTION (04 Hours)

Dcfmmon of Big Datw, Source of BI[J Data, Converymce of i<ev Iwnrls, Unstructured Data,
Inclustry Examples of Big Dala, Web Analytics, Fraud and Risk Associated with Big Dala, Credit
Risk Management, Big Data in Algorithmic Trading, Healthcare, Medicine, Markeling and
Advertising, Big Data Technologies, Introduction to Hadoop and Spark, Open Source
Technologies, Cloud, Mobile Business Intelligence, Crowd Sourcing Analytics, Inter and Trans
Firewall Analytics.

BIG DI\TA ANAL‘(IICS T (06 Hounrs)

Bip Data Processmg Batch Data Processing and Stream Data P'rocessing, Computing
Environments for Big Data Analytics, Implementation of Batch and Real Time Event Processing:
Integration of Disparate Data Stores/Data Lake, Mapping Data to the Programming Framework,
Connecting and Extracting Data from Storage, Transforming Data for Processing, Querying.

. (E{Hou rs)

%ntmducuon, HDFS Daemons Different Methods to HDFS Access, Hadoop, Features, Coogi@
File System Features, Phases involved in Map Reduce, Architecture, Execution of MapReduce
Jobs, Monitoring the progress of job flows, Building Blocks of Hadoop MapReduce. Data

Subject Code: #HNXX; itk Department Identity, n: Year, XX: Subject Sequence number XX: fast digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 ~ last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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forhiat, Analyzlng data Q\rit-m-ladﬁg;i ‘acallnf OL-ﬂ-,-Hado_n_;_} Stfealnﬁé; Halidbp Pipes, -DE.es.i.g_n_of
Hadoop Distributed File System, MapReduce, HDFS Concepts: Java Interface, Data Flow,
Hadoop 1/0, Data integrity, Compression, Serialization, Avro, File-based Data Structures,
Mahout

a | (03 Hmirs.}.

"51G DATA ANALYSIS WITH HBASE, SPARK, HIVE and PIG

Types and File Formats, HiveQl Data Definition, HiveQL Data Manipulation, HiveQLl Quicries,
Applications on Big Data Using Pig and Hive, Data Pracessing Operators in Pig, Fundamentals
of ZooKeeper, K-Means Clustering, Decision Trees, Random Forests, Recommenders, Table in
Spark, Higher Level Declarative Programming, Network Structure, Computing Graph Statistics.

B1G DATA STORAGE MODELS

(08 Hours}

Introduction, NoSQL Databases, Need, Types, Comparison wilh RDBMS, Architecture and
Features Databases: Distributed Hash-table, Key-Value Storage Model, MongoDB Query
Language, Document Storage Model, Graph Models, Lambda Architecture, Data Ingestion,
Design and Provision Compute Resources, Storage Streaming Units, Configuration of Clusters
for Latency and Throughput, Output Visualization
INTRODUCTION TO DATA VISUALIZATION {05 Hours)
Data Visualization, Design, Data and Tasks, Data Types, Dataset Types, Basic Charts and Plots,
Use of Statistical Indicators, Multivariate Data Visualization, Principles of Perception, Colo,
Design, and Evaluation, Graphical integrity, Data-Ink Ratio, Aspect Ratios & Scales.
Formats-Static Graphs, Interactive Graphs, Infographics, Websites, Animated Videos, GIFs.
Strategies-Qualitative and Text-Based Data, Color-Coding, Timelines, Calendars, and Diagrams,
Filtering, Parallel Coordinates, Aggregation.

DATA VISUALISATION FORMAT, CATEGORY AND TOOLS (06 Hours)

visual Story Telling, Messaging, Effective Presentations, Design for Information, Visualization
and Arts, Visualization Systems, Database Visualization, Redesign Principles and Design
Dimensionality, Rapidly Prototype Visualizations, Quantitatively and Qualitatively Evaluation of
Visualizations. Visual Story Telling, Messaging, Database Visualization, Rapidly Prototype
Visualizations, Quantitatively and Qualitatively Evaluation of Visualizations, Other Data
Visualisation Tools, Excel, R, Tableau, Python

practicals will be based on the coverage of the above topics. . (30 Hours)

(Total Contact Time: 45 Hours + 30 Hours = ')0 Hdt:r_s;_)-

Subject Code: HHinXX; #i: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Hanor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
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3. "I-’i'acticai's

3 [Workingwith pyspark and RODs.
4 | Develop a Java application to find the maximurm temperature using Spark

5 Regression and classification in Spark‘

6 | Data analysis with PCAin Spark.

7 | write ﬁ]_l]_u;;ie_s_. to sort and aﬁé-r-e-gate the data in a ta ble Ll'sin'g- HiveQL.
B "[_)e\éelbp a b_uftjgfé}ﬁ to calculate the maxinum recorded ﬂzhipeféiurﬁ T)_'J year"v.fi-s_e_for'tw»:iéﬁtiﬁér '
dataset in Pig Latin

9 [ Hands-on with MLIib and SparkSQlL.

10 | Use cases and implementation for Big data management and large scale machine learning

Intellicence and Analytic Trends for Today's Businesses", Wiley.
8 Y.

3. | Alberto Cairo, ”'I'he%ﬂffﬁfﬁﬁi: Data, Charts, and Maps for Communication” 1/E, Berkeiey, X
California: New Riders, 2016, ISBN: 9780321934079

3. | Sandy Ryza, Uri Laserson, Sean Owen, Josh Wills, “Advanced Analytics with Spark’, O'Reilly. S

5 | jure Leskovec, Stanford UnivAnandRajaraman, Milliway Labs, Jeffrey D. Ullman, “Mining of Massive

Datasets”, Cambridge University Press

Subject Code: H#ilnXX; Hi: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 ~ last digit ODD and EVEN for QDD and
EVEN semesters [Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/HIiL-4), Subjects list for Specialization track (#1-4) [G: Engineering Subject,
5C: Science Subject {offered combinedly by departments) (SVNIT Surat)
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IPG. Il (Al) Semester — VI | ] T o | e dit_
IMAGE PROCESSING AND COMPUTER VISION
1A308 Scheme 3 0 2 04

1. Course Outcomes (COs):

| At the end of the course, students will be able to

cO1l | understand building approaches of digital image processing systems, image models and
Mathematical tools for image processing. _

co2 | apply spatial filtering, frequency domain filtering, image restoration and color image
pracessing Techniques for over all image improvement.

CO3 | analyse various image compression methods for effective storage management without
| Degrading the image quality. ]
CO4 | evaluate various morphology, segmentation and object recognition methods to gain high level
of understanding of content of an image.

CO5 | create an image processing application in the development of computer vision, machine
learning, deeplearning domains.

2. | Syllabus
INTRODUCTION ' ' | ) (04 Hours) |

Imagé Model, Image Sensing and_b\cquisition, Sampling and Quantizatidn, Mathematical Tool for Digital
Image Processing, Types of Digital Images, Image File Formats, Colour Fundamentals and Models.
INTENSITY TRANSFORMATION AND SPATIAL FILTERING (07 Hours)

Basic Intensity Transformation Fuﬁctions, Histogram Processing, Fundamentals of Spatial Filtering,
Smoothing and Sharpening Spatial Filters.
FILTERING IN FREQUENCY DOMAIN (06 Hours)

Sampling and Fourier Transform, Discrete Fourier Transform (DFT), 2-D DFT, Filtering in the Frequency
Domain, Smoothing and Sharpening Frequency Domain Filters, Selective Filtering
IMAGE RESTORATION AND COLOR IMAGE PROCESSING ( 08 Hours)

Subject Code: ##nXX; ##t: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) (SVNIT Surat)
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[ Imége Degradation/ Restoration Process, Noise Models, Spatial Filtering and Frequency Domain Filtering'
for Noise Reduction, Linear Position-Invariant Degradations, Estimating the Degradation Function, Filtering,
Image Reconstruction from Projection. Color Models, Color Transformation, Smoothing and Sharpening,
Color Based Image Segmentation. i )
IMAGE COMPRESSION (06 Hours)
lmagé Compression Fundamentals, Classification of Irﬁage Compression Algorithms, Types of Redundancy,
Lossless Compression Algorithms, Lossy Compression Algorithms, Image and Video Compression Standards

|| and its Variations. _

MORPHOLOGY AND SEGMENTATION (07 Hours)

B Erosion and Dilation, Opening and Closing, Morphdlogical Algorithms, Grey Scale Morphology, Point, Line
and Edge Detection, Thresholding, Region based Segmentation, Segmentation using Morphological
Watersheds, Use of Motion in Segmentation ] n
ADVANCED TOPICS (07 Hours)
'Image Representation and Describtion, Object Recognition and Recent Developments. o

| Practicals will be based on the coverage of the above topics séparatelv. ) (45 Hours)

B (fotal Contact 1_'_Imé: 45 Hours + 30 Hours = 75__Hoﬂr5T

3, Practicals: R

1. Perform -image 'acquisiti'on, sambling, and quantizati'on on a digital image. Convert the im'ége into RGB,
Grayscale, and HSV color models and display the results.

2. Perform Histograrr{ Proceséing on a digital ifhage by computing and disblaying its histogram,_applying_
histogram equalization, and analyzing the effects on image contrast.

3. Implement frequencv domain filtering by applying a Low-Pass (Smoothing) and High-Pass (Sharpening) Filter
using the Fourier Transform. Analyze the effects on the image.

__4._'I_mplement and'énaiyze a Lossless Combréssion Algorithm (e.g.,' Huffman Coding or Run-Length' Encoding) on a
grayscale image. Compare the original and compressed file sizes.

5. Apply a Lossy Compression Algorithm (e.g., JPEG Compression usihg Discrete Cosine Transform - DCT) on an
image. Observe the effects of different compression levels on image quality and file size.

6. Perform Morphological Operations (Erosion; Dilation, Opening, and Closing) on a binary ifnage. Anaivze their
effects on object shapes and noise removal.

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) (SYNIT Surat)
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7. Implement Edge Detection and'lmage Segmentation using Thresholding and Watershed Algorithm. Compare
the results of different edge detection techniques {Sobel, Canny, Prewitt)

8. Perform Bo_[;_ndary and Region-Based ShapeﬂReprESentation for an object in a binary_ image. Extract shape
descriptors such as area, perimeter, and centroid.

9. Implement Feature-Based Object Recognition using corner detection (Harris Corner Detector or FAST) and
analyze how well the algorithm detects object features.

10, Perform image acquisition and preprocessing, apply histog_r_am equalization for enhancement, use spatial and
frequency domain filtering, implement edge detection and segmentation using morphological operations, and
finally, apply feature extraction for object recognition in a given image. Analyze the effects of each step.

4. Booké ﬁecommended:

RafaelC.GonzalesandRichardE.Woods,“DigitallmageProcessing” ,4/E, PearsonEducation,2018.
AnilK.Jain,“FundamentalsofDigitalimageProcessing”,1/E,Pearsonindia,2015.
S.Jayaraman,T.VeerakumarandS.Esakkirajan,“DigitallmageProcessing”,1/E,TMG, 2017
S.Sridhar,”DigitallmageProcessing”,2/E,OxfordUniversityPress,2016.
S.Annadurai,R.Shanmugalakshmi,"FundamentalsofDigitallmageProcessing”,1/€,Pearsonkducation, 2006.

oo o e
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IPG IIl (Al) Semester — VI .
RESPONSIBLE Al L _T P Credit
IA352 Scheme 310 0 03

1. Course Outcomes (COs):
At the end of the course, students will be able to
CO1 | Understand the fundamental concepts of Responsible Al

'CcO2 | Understand the concept of faimess, privacy, and bias in Al

CO3 | Understand different kinds of risks and ways to mitigate them

'CO4 | Understand the explainability of Al systems

CO5 | Apply Responsible Al techniques to different use cases

2. | Syllabus

Introduction (05 Hours)

| Recent Al Capabilities Improvement, imminent risks from Al Models: Toxicity, bias, goal
misspecification, adversarial examples etc., Long-term risks from Al Models: Misuse,
Misgeneralization, Rogue Artificial General Intelligence

Principles of Response Al (RAl) ' (05 Hours) |

Transparency, Accountability, Safety, Robustness and Reliability, Privacy and Security, Fairmness |
and non-discrimination, Human-Centred Values, Inclusive and Sustainable development,
Interpretability

Types of Risks and Mitigation Strategies ' _ (08 Hours)

Recap of Deep Learning Techniques, Language/Vision Models, Al Risks for Gen models,
Adversarial Attacks — Vision, NLP, Superhuman Go agents, ML Poisoning Attacks like Trojans,
Implications for current and future Al safety, Mitigation Techniques

Explainability of Al Systems ' ( 07 Hours)

‘Explainability, Imminent and Long-term potential for transparency techniques, Mechanistic

Interpretability, Representation Engineering, model editing and probing, Critiques of Transparency
for Al Safety

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD
and EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects
list for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Privacy and Fairness ' (06 Hours)

| Privacy & Fairness in Al, Breaches of Data Privacy, Algorithmic Bias and Discrimination,
Surveillance and Tracking, Lack of Transparency, Data Security Vulnerabilities, Overcoming
Challenges and Safeguarding Privacy in Al

Evaluation Metrics and Regulations (07 Hours)

Metrics and Tools for RAl - measuring bias/fairness, adversarial testing, explanations
(LIME/SHAP/SailencyMap/CAM/GradCam), audit mechanisms , Regulation landscape - DPDP act
(India), GDPR (EU), EU Al act, US presidential declaration, Ethical approvals, informed consent,
participatory design, future of work, Indian context

RAIl Use Cases (07 Hours)

RAI in Legal, Health care, Education and other domains, 'F"Bi'icy issues in RAI

(Total Contact Time: 45 Hours)

3. Books Recommended:

1. Responsible Artificial Intelligence: How to Develop and Use Al in a Responsible Way, Springer,
Virginia Dignum

2. The Cambridge Handbook of Responsible Attificial Intelligence, Silja Voeneky et al.

3. The Oxford Handbook of Ethics of Al, Markus D. Dubber et al.

4, Latest research papers from top tier conferences (ACL, AAAI, TACL etc.)

5. Responsible Al: Implementing Ethical and Unbiased Algorithms by Shashin Mishra, Sray Agarwal

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD
and EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects
list for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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IPG.
DIGITAL FORENSICS

Il (A1) Semester - VI LIt el credit

1A354 Scheme | 3 | g | 0| 03

i

Course Outcofnés (COs):

At the end of the course, students will be able to

COo1

get exposure of digital forensic, cryptography and investigation techniques on different
computing platforms as well as mobile devices.

Co2

analyze cyber-attacks to assist conventional forensic to investigéfé digital platforms

CO3

create disk images, recover deleted files and extract hidden information.

| CO4

describe the rebresentation and organization of data and metadata within modern computer
systems with the use of various forensic tools

Cco5

to define research problems and develop effective solutions for digital forensic and can _
compose a draft which can be used for legal procedure.

Syllabus

Introduction

(08 Hours)

Introduction to Computer Forensics: Computer Crimes, Evidence, Extrac_t_i_t)n,_ Preservation, Analogies to
Traditional Forensics and Differences from Traditional Forensics, Hardware and Operating Systems:
Structure of Storage Media/Devices; Windows / Macintosh / Linux -- Registry, Boot Pracess, File Systems,
File Metadata, Identifying Hidden Data, Encryption/Decryption, Steganography, Recovering Deleted Files

Digital Evidence on Windows System

(06 Hours)

Deleted Data, File Carvihg, Hibernation, Sleep, H‘\-rbr_i-d Sleep, Registry Structure, Attribution, External
Devices, Print Spooling, Recycle Bin, Date and Time Stamp, Thumbnail Cache, Restare Points, Shadow Copy,

Link Files.
Digital Evidence on Unix System

( 04 Hours)

UNIX Boot Disk, File System, Data Recovery, Log Files, File System Traces, Interne_f_i'faces.

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
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Network Forencis (05 Hours)

Collecting and Analysing Network-Based Evidence, Reconstructing Web Browsing, Email Activity, and
Windows Registry Changes, Intrusion Detection, Tracking Offenders, etc.

Internet and email Forensics ' (07 Hof:r?

Internet Overview, Role of Internet in Criminal_'lnvestigation, Online Anonymity and Self Proféction, Web
Technology, Web Browsers, Cookies, Cache, History, Browser Artifacts in Registry, Chat Clients, Email
Protocols, Email Evidence, Tracing Email, Email Forgery, Social Networking Sites

Mobile Device Forensics ' (07 Hour;

Cellular Ne{Work-Basfcs—Compbnents-Tvpes,_ Mobile Operating Systems, Cellphone EvidencesCall-detail
Records-Collection-Handling-Subscriber Identity Modules-Cellphone Acquisition, Cellphone Forensics Tools,
GPS.

Software Reverse Engineering R _ (08 Hours)

Software Reverse Engineering Defend Against Software Targets for Virus'es, Worms and Other Malware,
Improving Third-Party Software Library, Identifying Hostile Codes-Buffer Overflow, Provision of Unexpected
Inputs, etc.

(Total_Co:{tact Time: 45Hburs)

| 4. Books Recommended
1. Eoghan Casey, “Digital evidence and computer crime: Forensic suence, omputers, and the mternet 3rd
Edition, Academic press, 2011.

2. Dejey and Murugan, “Cyber Forensics”, 1st Edition, Oxford University Press, 2018.

3. Sammons, John, “The basics of digital forensics: the primer for getting started in digital forensics”, 2 ™ Edition,
Elsevier, 2012,

4. Sherri Davidoff, Jonathan Ham, “Network Forensics: Tracking Hackers Through Cyberspace”, Prentice Hall, 2012.
5. Computer Forensics: Hard Disk and Operating Systems, 2nd Edition, EC Council, September 17, 2008.

Subject Code: ##nXX; ##f: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters {(Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minar and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
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IPG llI (Al) Semester-VI LlIT!|p!l credit

REINFORCEMENT LEARNING

1A356 Scheme 3,010 3

i

| At the end of the course, students will be able to

Course Outcomes (COs):

co1

Develop a clear understanding of the foundational concepts in RL, such as agents, environments, states,
actions, rewards, and policies.

Ccoz2

Learn to model decision-making p'roblems as Markov Decision Processes (MDP). '

Co3

Explore advanced algorithms like Deep Q-Networks,Policy Gradient methods, and Actor-Critic models.

co4

Explore the integration of RL with deep learning to solve high-dimensiohél and complex problems.

Co5

Apply RL techniques to simulate and solve real-world problems in various domains, such as games,
robotics, and finance.

S'yllabus_

Introduction to Reinforcement Learniﬁg ' - . (06 Hour;

Introduction: Origin and history of Reinforcement Learning research. Its connections with other related
fields and with different branches of ML. Probability Basics: - Axioms of probability, concepts of random
variables, PMF, PDFs, CDFs, Expectation. joint and multiple random variables, joint, conditional and
marginal distributions. Correlation and independence.

Markov Decision Processes (MDP) - _ - | .(06 Hoursj |

Markov Decision Process Introduction to RL terminology, Markov propuerty, Markov chains, Markov reward
process (MRP). Bellman equations for MRPs. Markov decision process (MDP), state and action value
functions, Bellman expectation equations, optimality of value functions and policies, Bellman optimality
equations.

Dynamic Programming (DP) ' (06 Hour;

Prediction and Control by Dynamic Programing dynamic progr'aming definition and formulation of plannihg
in MDPs, principle of optimality, iterative policy evaluation, policy iteration, value iteration, convergence of
policy evaluation and value iteration algorithms, DP extensions.

Monte Carlo (MC) Methods (06 Houf;

Basics of Monte Carlo Methods, First-visit vs. Every-visit MC, model free RL, Monte Carlo cont_rol, On policy
and off policy learning, Importance sampling, Monte Carlo for control: Exploring starts and e-greedy
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

A methods. i - ) . - ] - J
Temporal Difference (TD) Learning (06 Hours)

Incremental Monte Carlo Methods for Model Free Prediction, Overview TD{0), TD(1) and TD(N), k-step
estimators, unified view of DP, MC and TD evaluation methods, TD Control methods - SARSA, Q-Learning
and their variants. ‘ ) |
Function Approximation Methods (09 Hours)

Getting started with the function approximation methods, Revisiting risk minimization, gradient descent
from Machine Learning, Gradient MC and Semi-gradient TD(0) algorithms, Eligibility trace for function
approximation, Afterstates, Control with function approximation, Least squares, Experience replay in deep
Q-Networks. Deep-Reinforcement Learning Need and Applications, Types of Deep-RL : Deep Q-Network
(DQN), Policy Gradient [ Advantage Actor-Critic (A2C/A3C), DDPG, PPO] , Alpha zero

Policy Gradients (06 Hours)

Getting started with policy gradient methods, Log-derivative tric_k, Naive REINFORCE algorithm, bias and
variance in Reinforcement Learning, Reducing variance in policy gradient estimates, baselines, advantage
function, actor-critic methods.

(tha'l Contact Time: 45 Hours = 45 Hours 14

3. Boqks Recommended:

1. Richard S. Sutton and Andrew G. Barto, Reinforcement Learning: An Introduction, 2n Edition MIT Press

2. Marco Wiering and Martijn van Otterlo, Eds , Reinforcement Learning: State-of-the-Art, Springer Science &
Business Media ,2012

3. Deep Reinforcement Learning Hands-On, 2nd Edition by Maxim Lapan,2018.

4. Reinforcement Learning with OpenAl Gym" by Alessio Stalla

5. Hands-On Reinforcement Learning with Python by Sudharsan Ravichandiran
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(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and EVEN
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG IIl (Al) Semester — VI ' ' .
INTRODUCTION TO LARGE LANGUAGE MODELS _L_ T | P | Credit
IA358 Scheme 3 0 0 03

1. Course Outcomes (COs):
At the end of the course, students will be able to

CO1 | Understand the fundamental concepts of Large Language Models and its applications.

CO2 | Understand and Implement different types of language models

CO3 | Apply various word embeddings, neural language models, and other deep learning methods for
different tasks.

CO4 | Build and evaluate LLMs for different tasks such question answering, dialog systems,
summarization, code generation

CO5 | Utilize LLMs using transformers, Pytorch, HuggingFace, Ollama libraries

CO6 | Design and implement a complete project using LLMs

2. | Syllabus
Introduction (05 Hdurs)

Introduction to NLP, NLP Pipeline, Applications of NLP, Introduction to Statistical Language
Models, Statistical Language Models: Advanced Smoothing and Evaluation

Introduction to Deep Learning and Word Representations (08 Hours)

Introduction to Deep Learning (Perceptron, ANN, Backpropagation, CNN), Introduction to PyTorch,
Word2Vec, GloVe, fastText, Tokenization Strategies, Byte Pair Encodings, Subword Embeddings,
Unsupervised Representations

Neural Language Models (08 Hours)

CNN, RNN, LSTM, GRU, Sequencéwto-Sequence Models, Greedy Decoding, Beam search, Other
Decoding Strategies: Nucleus Sampling, Temperature Sampling, Top-k Sampling, Attention in
Sequence-to-Sequence Models, Memory Networks

Introduction to Transformers ' (04 Hours)

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD
and EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects
list for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Self and Multi-Head Attention, Positional Encoding and Layer Normalization, Implementation of
Transformers using PyTorch
Transformer Architectures and Fine-Tuning Strategies (09 Hours)

ELMo, BERT (Encoder-only Mt_)del), GPT (Decoder-only Model), T5 {Encbder-decoder model),
Introduction to HuggingFace, Instruction Fine-tuning, Instruction Fine-tuning, In-context Learning
and Prompting Techniques, Alignment with Human Feedback (RLHF), Parameter-efficient
Adaptation (Prompt Tuning, Prefix Tuning, LoRA)

Retrieval-Augmented Inference and Generation ) (05 Hours)

Introduction to Knowledge Graphs, Distinction between graph neural networks and neural KG
inference, Retrieval augmentation techniques: Key-value memory networks in QA for simple paths
in KGs, pointer networks, reading comprehension, REALM, RAG

Overview of Recently Popular Models _ ' (06 Hours)

GPT-4, Llama-3, Claude-3, Code-Llama, Mistral, and Gemini, Multi-modal LLMs - LLaVa, Open——
VLA Ethical NLP — Bias and Toxicity, Evaluation Benchmarks

(Total Contact Time: 45 Hours) |

| 3. Books Recommended: _ ) B _ )
1. Tanmoy Chakraborty, Introduction to Large Language Models, Wiley India, 1st Edition, 2025. ISBN :
9789363864740

2. Dan Jurafsky and James H. Martin, Speech and Language Processing, 2nd and 3rd edition, Pearson
Press, 2008.

3. Jacob Eisenstein, Natural Language Processing, First edition,The MIT Press, 2019.

4. Practical Natural Language Processing, Sowmya Vajjala, Bodhisattwa Majumder, Anuj Gupta, Harshit
Surana, O'Reilly Media, Inc.

5. Online Tutorials: Hugging Face, PyTorch, Llama, Ollama, LLMStudio

6. Latest research papers from top tier conferences (ACL, NEURIPS, AAAI, NAACL, COLING, CONLL,

| SIGIR, IJCNLP, LREC, TACL etc.)

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD
and EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects
list for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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ardar VallabhbhaiNational Institute of Technology (SYNIT) Surat
Department of Artificial Intelligence
Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

pev i semester—vil 1] e ] credit
RESEARCH METHODOLOGY Bl 8 I o
llAdﬂ& Scheme | 11 1 ‘Ui 02 J

1. Course Qutcomes (COsk:
| At the end of the course, students willbe ableto
€01 | to understand the different research methodologies in different areas.

cO2 | be able _t(;-apfllx';hﬁ‘ne conc_éb_i;hi\;rrft_i_r_\é._breééf_{ta't'id}-i,méﬁcj;Et_llatui_ng di[ferei-xi'experiménts. _
'c03 | be able to ana iyze the_propéééci work with 9xi5_t|;1g dg}ﬁargs_m the literature and interpret
the research design through project development and case study analysis using appropriate
tools

CO4 | be able to execute the technical presentation, and organization in writing the report and
papers.

| CO5 | be able to 'ries';i'g-ﬁ_l'-hé_é-I_g_’,_o"r_i't'ﬁms and pfﬁof learned and comm unicate nffééiivﬁx}ﬁ{rk)u—{'{l}_“
proper organization and presentation.

of Research — Descriptive vs Analytical, Applied vs Fundamental, Quantitative vs Qualitative, Conceptual vs
Empirical.

-_f\;1-1'-;'l'HODO-L()TW"_- : : S .(02 Hou%&.}..

| Research Process, iiorttmulating the Research ProBl_érﬁ, De_f'in'l_n_g the iiéi%f&h-l_;mblem, Rf_a;aeelrchhueatioﬁs: .
Research Methods vs. Research Methodology.
LITERATURE REVIEW

(02 ﬁoilrs]

| Review Coricépts and Theories, i&énlifvi—ng-ahd Anéiﬁing the Limitations of Different !_\_}ip_r'éac-hes.
| FORMULATION AND DESIGN ' o | (02 Hours)

CME and Impdﬁéﬁée En'iicse‘é_rch, features of a Good Research Design, Exploratoiy Research Deﬂgn,
Concept, Types and Uses, Descriplive Research Designs, Concepl, Types and Uses, Experimental Design:
Concept of Independent & Dependent Variables

| DATAMODELING AND SIMULATIONS S _W (02 Hours)

Mathematical Modeling, Experimental Skills, Simulation Skills, Data Analysis and I|1te¢'[)rétatio=1. '
Subject Code: #HinXX; Hi: Department Identity, n: Year, XX: Subject Sequence number XX: last digitO
{subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H1I1-4), Subjects list for Specialization track (i1-4) EG: Engineering Subject,
$C: Science Subject {offered combinedly by departments) (SVNIT Surat)
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Sardar VallabhbhaiNational Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
Integrated B.Tech. (Artificial Intelligence) and M.Tech. {Artificial Intelligence)

TECHNICAL WRITING AND TECHNICAL PRESENTATIONS o | (02 Hours)
| CREATIVITY AND ETHICS IN RESEARCH, INTELLECTUAL PROPERTY mGTl_T_s' | (0aHours)
TOOLS AND TECHNIQUES FOR RESEARCH S (02 Hours)

_Eé_{-l1d_d_s_i_ci_é_ea_rc_i}_fie_c]'ui'red' Information Ef fectively, Reference Mahagement Software, Software for Ffzipéf
Formatting, Softwdre for Detealion of Phglansm

~ {Total C Cont’%ct Time: 15 Ho Hours* 15 Hours =30 ﬂours]

3. Tutorials:
1. Introduction to Research MPIhodo!ngy

2. Research Dl.su:nand Its Iypas
3. Samplmg Iechmques
4. Data Collection Methods

5, Literature Review and Referencmg

_é_._Quatitative Research Methods

7. Quantitative Research Methods
8. [')atﬁ'ﬂ'nai\/-éis-gh"(-i'I-h-tr-zr])ret_a_tio.n o

g, Writing a Research Proposal

10, Rf’portmmnd Pubhslnnp og Research

a Bupks _[{ncommended ) -

1. JohnW. Creswell, “Research Dequn Qual:tanve, Quantitative, and Mixed Methods Approariws” SAGE

Publications Ltd.

2. C.R. Kothari,”Research Methodology: Methods and Techniques”, New Age International Publishers.
David Silverman,”Qualitative Research”, SAGE Publications Ltd.
Norman K. Denzin and Yvonna Sessions Lincoln,” Handbook of Qualitative Research”, SAGE Publications
Ltd.
5. Michael Quinn Patton,” Qualitative Research and Evaluation Methods”, SAGE Publications Ltd.

& w

Subject Code: ##nXX; Hit: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
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sardar Vallabhbhai National Institute of Technology (SVNIT) Surat

Department of Artificial Intelligence
Integrated B.Tech. [Artificial Intelligence) and M.Tech, (Artificial Intelligence)

IPG IV (Al) Semester - VI Llr] p Credit

ROB

1AGUY scneme 3 0 2 04

OTICS AND ITS APPLICATIONS SRR o | SUERRSY LM S

armT = wmay

1. Coursé QOutcomes (COs):

At the end of the course, students will be able to . - N
€o1 | Apply fundamental principles of mathematics, science, and engineering to analyze and model robotic
systems.

o2 Design and implement robot control algorithms for various robotic tasks. o o

_.5;03 Utilize computer wsmn and machine learning techniques forrégut;;e{cepglo_f; and |1av1£at:0;1__ =

E{);l Eualuélte and select appropriate robotic systems for speuflcapf)lfr"a;:_o;s T !

05 D;el_o_pandf‘;t:EEIa robot programs in simulation and/or on 1)hysic£ﬁ5butic pht fo_n;\s“““mm

[ cos J\;{alyze the ethical and societal impact of robotics and Al ) T
“[toduction ‘ T (05 Howss)

What is a robot? History and evolution of robotics, Types of robots: Industrial, service, mobile, etc.

Basic components of a rebot: Manipulators, actuators, sensors, control systems, Applications of robotics in

Robot Kinematics {08 Hours)

Coordinate frames and transformations, Forward kinematics: Denavit-Hartenberg (DH) parameters, Inverse
kinematics: Analytical and numerical solutions, Jacobian matrix and singularities, Mobile robot kinematics:

Differential drive, Ackermann steering.

Robot Dynamics {07 Hours)

Lagrangian mechanics, Equations of motion for robots, Inertia matrices and dynamic models,Force and

torque analysis, Robot simulation.

Robot Control ( 08 Hours)

Subject Code: HinXX; #H#: Department ldentity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and

Hoi

hor (M/HI1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject

(offered combinedly by departments) (SYNIT Surat}
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sardar Vallabhbhai National Institute of Technology (SVNIT) Surat

Department of Artificial Intellipence
Integrated 8.Tech, (Artificial intelligence) and M.Tech, {Artificial Inteligence)

e e e et e A Mt e e S R PR T A e i i e g

Control system fundamentals; Feedback control, PID control, Robot arm contral: Joint space contral,
operational space control, Mobile robot control: Path following, trajectory tracking, Adaptive control and
learning control (brief introduction) — szl SRR
Robot Perception o {07 Flows)

Introduction to computer vision: Image processing, feature extraction, 3D vision: Depth sensing, stereo
vision, Object recognition and tracking, Sensor fusion
Robot Planning {05 Hours)

path planning: Search algorithms {A*, Dijkstra's), sampling-based meﬁwds (RRT),Motion plannihg:
Trajectory generation, obstacle avoidance, Task planning: Hierarchical planning, task decomposition |
Alin Robotics (05 Hours)

Introduction to machine learning for robotics, Reinforcement learning for robot control and navigation,
| Natural language processing for human-robot interaction, Ethical and societal implications of Alin robotics
Practicals will be based on the coverage of the ahove topics separately. (30 Hours)

(Total Contact Time: 45 Hours + 30 Hours = 75 Hours)

[ 3. Practicals:

1. Introduction to-f-{OS and iiobo‘t Simulation

2. Robot Kinematics and Cm?tml

3. Camputer Vision for Robotics

{imRal.].a.Ngwé_a}E“,____v ] N R R L e TR T TR S ST S T s

5. Robot Planning

6. Robot Program mi-;{é

7. Rohot Applicat_i}}rms

3. Integrating different modules t‘pﬂfc—éption: planning, control)

9, Framewor\k's: ROS (Robot Operating Systemi, Gazebo {Robot Simulator), OpenC‘}'[Computer"h;u'ision t“iwhrarv}, B
l PyTorch

Subject Code: #H#nXX; #if: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (tlective), Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) {SYNIT Surat)
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sardar Vallabhbhai National Institute of Technology {SVNIT) Surat

Department of Artificial Intelligence
Integrated B.Tech, (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

4, Books Recommended:

1. Introduction to Robotics: Mechanics, Control, and Design by John J. Craig

2. Rubotics: ivlodelling, Planning and Control by Biuno siciliano, Lorenzo Sciaviceo, LUigi Villani, and Giuseppe
Oriolo

3. Robot Dynamics and Control by Mark W. Spong, Seth Hutchinson, and M. Vidyasagar

4, Probabilistic Robotics by Sebastian Thrun, Wolfram Burgard, and Dieter Fox

5, ROS for Robotics Programming by Lentin Joseph

Subject Code: fHinXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 ~ last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
(offered combinedly by departments) (SVNIT Surat)
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sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG IV (Al) Semester - VII . Al ‘ 5 | Eredit
System Software i |
1A451 scheme | 3 | o \ g .
L
1. | Course Outcomes (COs): N
At the end of the course, students will be able to
| cO1 | Understand systems software components, finite automaté, regular expression and context |
free grammar.
| co2 | Apply the knowledge of assembler and macro proéessors to convert assembly language into
machine code.
| CO3 | Analyze {zvorking phases of Compiler, various parsing techniques, semantic analysis, Error
handling, code generation and code optimization techniques to undertake meaningful
language translation.
CO4 | Evaluate Linkers, Loaders, interpreters and debugging methods to manages system memorv_
and provide a portable runtime environment.
| COS5 | Create a Iahguage translator application and mimic a simple compiler.
2. | Syllabus
INTRODUCTION (05 Hours)

Introduction to System_Software, Utility Software, Systems Progrémming, Recent Trends in
Software Development, Programming Languages and Language Processors, Data Structures for
Language Processing.

ASSEMBLERS (06 Hours)

Overview of the Assem bly_ I-Toc-ess, Crosé Assembler, Micro Assembler, Meta Assembler, 'Sing!e
Pass Assembler, Two Pass Assembler, Design of Operation Code Table, Symbol Table, Literal
Table, Advanced Assembly Process.

MACRO PROCESSORS _ (06 Hours)

Introduction of Macros, Macro Processor Design, Forward Reference, Backward Reference,
Positional Parameters, Keyword Parameters, Conditional Assembly, Macro Calls within Macros,
Implementation of Macros Within Assembler. Designing Macro Name Table, Macro Definition
Table, Kew Word Parameter Table, Actual Parameter Table, Expansion Time Varriable Storage.

COMPILERS (16 Hours)

Subject Code: ##nXX; ##f: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and

EVEN

semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list

for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Phases of Compiler, Analysis-Synthesis Model of Compilation, Interface with Input, Parser and
Symbol Table, Token, Lexeme, Patterns and Error Reporting in Lexical Analysis, Programming
Language Grammars, Classification of Grammar, Ambiguity in Grammatical Specification, Top
Down Parsing, Recursive Descent Parsing, Transformation on The Grammars, Predictive Parsing,
Bottom Up Parsing, Operator Precedence Parsing, LR Parsers, Language Processor Development
Tools — LEX & YACC, Semantic Gap, Binding and Binding Times, Memary Allocation, Compilation
of Expression, Intermediate Representations, Basic Code Optimization.

LINKERS AND LOADERS (06 Hours)

Design of a Linker, Program Relocation, Linking of Overlay Structured Programs,_ Dynamic
Linking, General Loader Schemes, Absolute Loader, Relocating Loader, Dynamic Loader,
Bootstrap Loader, Linking Loader, other Loading Schemes, Linkers v/s Loaders.

INTERPRETERS & DEBUGGERS - | (06 Hours)

Overview of Interpretation and Debugging Process, Types of Errors?(fiéééiﬁcation of Debuggers,
Dynamic/Interactive Debugger, The Java Language Environment, Java Virtual Machine and
Recent Developments.

(Total Contact Time: 45 Hours)

3. Boéks Recommended

1. | D. M. Dhamdhere, "Systems Programming", 6/, McGraw Hill, 2014.

2. | Leland L. Beck, "System Software - An lntrodJch'on to System Programming", 3/E, Péarson
Education, 2002.

3. | John Donovan, “Systems programming”, 1/E, McGraw Hill, 2017.

4, | Santanu Chattopadhyay, “ng-stem Software” 1/E, Prentice-Hall India, 2007.

2013.

S. | A. V. Aho, R. Sethi & I D. Ullman, ”Compilers-PrincipIe-s-,; Techniques and Tools", 2/E, Pearson India,

B W g,

o e

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 - last digit ODD and EVEN for ODD and
EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list
for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engireering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG IV (Al) Semester - VII | ) } ” oé;n—
INFORMATION RETRIEVAL _
1A455 Scheme 3 0 0 03

1.

At the end of the course, students will be able to

Course Outcomes (COs):

understand the fundamentals of Information Retrieval (IR) systemé

Cco1

CO2 | apply text processing and indgxing techniques for efficient retrieval

CO3 | analyze ranking models and evaluation metrics in IR . -

CO4 imblement machine learning fechniques for IR tasks

CO5 éxplore advanced and next-generation IR techniques - R

2. | syllabus :

Introduction (06 Hours)
‘Overview of Information Retrieval Systelﬁé: Definition and objectives of IR sy}stems, Functional overview of
IR systems, Relationship with Database Management Systems, Digital Libraries, and Data Warehouses.
Fundamentals of Information Retrieval: History and evolution of IR, Components of an IR system, Key issues
inIR.
Text Processing and Indexing (07 Hours)
Basic Text Processing: Tokenization, ‘S'fopwords, Stemming, Lemmatization, Zipf's law, Héép’s law, Error
Detection and Correction: Hamming distance, Longest Common Subsequence, Levenshtein edit distance,
Indexing and Data Structures: Soundex algorithm, Inverted File Structure, N-Gram Data Structures.
Ranking Models (06 Hours)
"Ranking Models; Vector Space Model, TF-IDF, Probabilistic Retrieval Model,_Generatiue Modéi, Probabilistic
Ranking Principle, Binary Independence Model

B Evaluation Metrics and Relevance Judgment in Information Retrieval (05 Hours)

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O

(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
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Department of Artificial Intelligence
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Precision, Recall, F-measure, Mean Reciprocal Rank (MRR), Mean Average Precision (MAP), Normalized

Discounted Cumulative Gain (NDCG), Test Collection and Relevance Judgments: Designing test collections,
Relevance judgments.

Unsupervised Learning Approaches in Information Retrieval ( 06 Hours) ‘

| Retrieval using Unsupervised Techniques: Word embeddings, Clustering-based retrieval, Topic modeling),

Dimensionality reduction techniques, Anomaly detection in retrieval.

Supervised Learning Approaches in Information Retrieval (06 Hour?

Learning to Rank for retrieval, Classification-based retrieval, Neural networks for ranking, beep Iear'ning
models (e.g., BERT, Transformer-based retrieval), Feature engineering for IR, Ensemble methods in

retrieval.

Next-Generation Information Retrieval V ' (09 Hours)

Neural Information Retrieval , Multimodal Information Retrieval, Cross-modal retfieval, Vision-language
models (CLIP), Chatbot-based search, Real-Time and Streaming IR

(Total Contact Time: 45Hours) |

F 4. Books Recomrhended: ]

1. Christopher D. Manning, Prabhakar Raghavan, Hinrich Schiitze. Introduction to Information Retrieval,
Cambridge University Press, 2008. ISBN-13: 978-0521865715.

2. Stefan Biittcher, Charles L. A, Clarke, Gordon V. Cormack. Information Retrieval: Implementing and Evaluating
Search Engines, MIT Press, ISBN-13: 978-0262026512.

3. Jure Leskovec, Anand Rajaraman , Jeffrey D. Ullman. Mining of Massive Datasets, Cambridge University Press,
2011. ISBN: 978-1107077232.

4. Information Storage & Retrieval By Robert Korfhage — John Wiley & Sons.
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

[IPG IV (Al) Semester = VII ' ] ‘ . ‘ -
Internet of Things and Edge Computing
|A453 Scheme | 3 \ ol o 3
| A

1. Course Outcomes (COs): R
At the end of the course, students will be able to

CO1 | Identify the hardware and software components, challenges of Internet of Things

| co2 | Assess different Internet of'T—hings technologies, architectures resource management and
their applications.

| O3 | Understand fundamentals of Edge computing and its applications in low latency and critical
real-time computing scenarios

Cco4 Eva-tuating different techniques for distributed data analytics over edge devices like edge
data centre.

CO5 | Analyze the performance and issues of the appli}:aﬁons developed using edge architecture
and platforms.

2. Svllabu_s

INTRODUCTION (03 Hours)

Definition and Characteristics of Internet of Things (loT) - Challer?ges and Issues - I_Dhysical Design '
of 10T - Logical Design of loT - loT Functional Blocks.

10T COMMUNICATION ARCHITECTURES AND PROTOCOLS (05 Hours)

Control Units - Communication modules — Bluetooth — Zighee — WiFi— GPS - loT Protocols (IPvb,
6LoWPAN, RPL, CoAP) — MQTT - Wired Communication - Power Sources

TECHNOLO(iIES AND RESOURCE MANAGEMENT IN IOT (12 Hours)

Four pillars of l1oT paradigm: RFID, Wireless Sensor Netwarks, Supervisory Control andData
Acquisition (SCADA) - M2M - loT Enabling Technologies: BigData Analytics, Cloud Computing,
Embedded Systems. Programming the Microcontroller for loT. Scalability: Network
Configuration Protocol, Open vSwitch Database Management Protocol - Routing and Protocols:
Collection Tree, LOADNg.

INTRODUCTION TO EDGE COMPUTING " (05 Hours)

|
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

[ Introduction to Cloud and its limitations to support low latency and RTT. From Cloud to Edge
computing: Waves of innovation. Introduction to Edge Computing Architectures. Edge
Computing to support User Applications (5G-Slicing, self-driving cars and more) Concepts of
distributed systems in edge computing such as time ordering and clock synchronization,
distributed snapshot, etc.

MANAGEMENT OF EDGE APPLICATIONS AND SERVICES (10 Hours)

Introduction to Edge Data Center, Lightweight Edge Clouds and its services provided by different
service providers. Introduction to docker container and Kubernetes in edge computing. Design
of edge storage systems like key-value stores

EDGE PLATFORMS AND USE CASES (10 Hours) |

Introduction to MQTT and Kafka for end-to-end edge pipeline. Edge analytics topologies for
M2M and WSN network (MQTT), Use cases of machine learning for edge sensor data in
predictive maintenance, image classifier and self-driving cars. Deep Learning On-Device
inference at the edge to support latency-based application

(Total Contact Time: 45 Hours)

L |

3. | Books Recommended

1. [The Internet of Things: Enabling TecHnoIogies, Platforms, and Use Cases", by Pethuru R_aj and
Anupama C. Raman (CRC Press)

2. | S. Misra, A. Mukherjee, and A. Roy, 2020. Introduction to loT. Cambridge University Press. _

3. | Simone Cirani, Gianll_,ligi Ferrari, Marﬁo Picone, Luca Veltri. Internet of Things: Architectures,
Protocols and Standards, 2019, 1 st Edition, Wiley Publications, USA.

4. |Fogand Edge Computing: Principles and Paradigms”, Rajkumar Buyya (Editor), Satish Naréyana
Srirama (Editor), Wiley, 2019

5. | Cloud and Distributed Computing: Algorithms and Systems”, Raji_v Misra, Yashwant Patel, Wiley
2020.

M3
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Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG IV (Al) Semester - VI LlIT!lpl credit
COMPUTATIONAL INTELLIGENCE
|IA457 Scheme |3 |0 |0 03

T

Course Qutcomes (COs):

At the end of the course, students will be able to

o

CO1 | Able to understand different computational techniques

| co2 | Able to apply different computaﬁ&hal techniques in different domains

| O3 | Able to analyze the performance of different computational E

CO4 | Able to design hybrid comphtational intelligence models using neural networks, fuzzy logic, and |
evolutionary algorithms,

| CO5 | Able to evaluate uncertainty-handling techﬁiques in computational intelligence and their
impact on decision-making systems.

2. Syllabus 1

| INTRODUCTION ) _ (06 Hours)

Overview, Basics of Problem solving as an Artificial Intelligence problem, Computational Intelligence,

Applications

INTELLIGENT SEARCH TECHNIQUES, KNOWLEDGE REPRESENTATION

(08 Hours)—

Artificial neural networks: feed-forward, recurrent and multi-layer architectures; Su;jervised and

unsupervised learning; Characteristics: adaptability, fault tolerance, generalization

COMPUTATIONAL INTELLIGENCE METHODOLOGIES LEARNING, ADAPTATION

(08 Hours)

limitations of neuro-computing. Different learning algdrithms: Perceptron, BacEpropagation, Hopefield,

Kohenen networks.

UNCERTAINTY TREATMENT

(08 Hours)

Fuizy sets - Basic Definition; Fuzzy-set theoretic Ohérations —~ Member Function Formulation and
Parameterization — Fuzzy Rules and Fuzzy Reasoning, Fuzzy If-Then Rules, Hybrid approaches (neural

networks, fuzzy logic, genetic algorithms etc.)

HYBRID COMPUTATIONAL LEARNING (05 Hours)
| Fuzzy Neural Networks and Evolutionary Algorithms o
DETAILED DISCUSSION FROM EXAMPLE DOMAINS

(06 Hours)
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Industry, Language, Medicine, Verification, Vi&cﬁn, I(nowledgé Based Systems etc.
ETHICAL AND SOCIETAL ASPECTS OF COMPUTATIONAL INTELLIGENCE ' (04 Hours) |
Bias and fairness in Al é1gorithms, Ethical concerns in neural networks and fuézv systems, Societaldimpacts
of autonomous decision-making

Total Contact Time: = 45 Hours

4. Books Recommended:

1. S. Russell and P. Norvig, Artificial Intelligence: A Modern Approach Prentice Hall Serles in Al, 1995,

2. E.Rich and K. Knight, Artificial Intelligence, Tata McGraw Hill, New Delhi 1992.

3. J.S.R.Jang, C.T.Sun and E. Mizutani, “Neuro-Fuzzy and Soft Computing”, Prentice Hall of India and Pearson
Education, 2004,

4, Konar A., “Computational Intelligence: Principles, Techniques and Applications”, Springer Verlag, 2005

5. S. Rajasekaran and G.A.V. Pai, “Neural Networks, Fuzzy Logic and Genetic Algorithms”, Prentice Hall of India,

2003. 6. R. Eberhart, P. Simpson and R. Dobbins, “Computational Intelligence - PC Tools”, AP Professional,
Boston, 1996.

JR
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sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG IV (Al) Semester — VI | T
DATA MINING _
1A459 Scheme |3 (0|0 03

1.

Course Qutcomes {COs):

At the end of the course, students will be able to.

CO1 | Explain key data mining concepts, techniques, and preprocessihg methods.
| cO2 | Apply association rule mining to discover patterns in large datasets. o
CO3 | Develop and evaluate classification and prediction models. )
CO4 | Implement clustering and outlier detection techniques.
LCOS Utilize data mining for complex applications, including web, text, and big data.
(2. Syllabus _ _ _ ] _ _ —
Introduction to Data Mining and Data Preprocessing (10 Hours)

‘Data Mi‘ning, Stages of the Data Mining Process,‘ Data Mining Knowledge Represéntation, Khowledge

Discovery in Databases (KDD), Introduction to Data Mining Tasks: Classification, Clustering, Association
Rule Mining, Data Preprocessing Techniques: Handling Missing Values, Noisy Data and Outliers, Data
Warehouse: Basic Concept, Online Transaction Processing (OLTP), Online Analytical Processing (OLAP).

Mining Frequent Patterns, Associations, and Correlations (05 Hours)

Basic Concept: Market Basket Analysis, Frequent and Closed Item sets, Frequént Itemset Mining Methods:
Apriori Algorithm, Generating Association Rules from Frequent Item sets, Correlation Analysis, A Pattern-
Growth Approach for Mining Frequent Item sets, Pattern Mining in Multilevel, Multidimensional Space. |

Classification and Prediction (10 Hours)

Define Classification: General Approach, Classification Methods: Decision Tree Induction using D3, C4.5,
and CART, Naive Bayes Classification, Classification Advanced Methods: Support Vector Machines, k-
Nearest-Neighbor Classifiers , Techniques to Improve Classification Accuracy: Ensemble learning (bagging,
boosting, random forests), Model Evaluation: Metrics for Evaluating Classifier Performance, Cross-
Validation.

Cluster Analysis _ ‘ (10 Hoqﬂ

Overview and Requirements of Cluster Analysis, Partitioning Methods: k-Means, k-Medoids, Hierarchical
Methods: Agglomerative versus Divisive Hierarchical Clustering, Density-Based Methods: DBSCAN:
Density-Based Clustering Based on Connected Regions with High Density, Grid-Based Methods: STING:
STatistical INformation Grid, Evaluation of Clustering: Assessing Clustering Tendency, Determining the
Number of Clusters and Measuring Clustering Quality.
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Data Mining Trends and Research Edges _ ' ‘ ' (10 Hours)
Mining Complex Data Types: Mining Sequence Data: Time-Series, Symbolic Sequences, and Biological
Sequences, Mining Graphs and Networks, Web Mining and Text Mining, Data Mining Applications, Data
Mining and Recommender Systems, Privacy, Security, and Social Impacts of Data Mining. _

(Total Contact Time= 45 Hours)

| 4. Books Recommended: )
1. Han, J., Kamber, M., & Pei, J. (2011). Data Mining: Concepts and Techniques (3rd ed.). Morgan Kaufmann.

ISBN: 978-0123814791.

2. Tan, P-N., Steinbach, M., & Kumar, V. (2018). Introduction to Data Mining (2nd ed.). Pearson. ISBN: 978-
0133128901.

3. Rajaraman, A., & Ullman, J. D. (2011). Mining of Massive Datasets (2nd ed.). Cambridge University Press.

ISBN: 978-1107077232.
4. Gupta, G. K. (2006). Introduction to Data Mining with Case Studies. PHI Learning. ISBN: 978-8120330982.

Mohammed J. Zaki & Wagner Meira Jr. (2020). Data Mining and Machine Learning: Fundamental Concepts
and Algorithms (2nd ed.). Cambridge University Press. ISBN: 978-1108473989.
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG IV (Al) Semester — VIl L T 5
SYSTEM ANALYSIS AND SIMULATION

IA461

Credit

Scheme 3/01|0 03

1. Course Outcomes (COs):

At the end of the course, students will be able to _

cO1 | Understand Discrete Event Simulation and Modeling: Gain knowledge of key elements and principles of
discrete event simulation and the modeling paradigm.

co2 Analyze and‘Apply Simulation Results: Interpret simulation models and utilize the results to address real- |
world challenges effectively.

€03 | Perform System Analysis: Identify and evaluate system requirements using various system analysi?
techniques.

CO4 | Utilize Simulation Software: Apply computer simulation tools to solve problems and analyze system
behavior.

CO5 | Develop and Execute System Models: 'Acquire skills to construct, implement, and execute goal—oriented—
system models using simulation software.

[2. Syllabus

Introduction to Systém Development _ _ ' (U9 Hour;

System development 'concepts, Business and 6rganizational contéxt, Information systems' function in
business, Information system stakeholders, Types of information systems, and the SDLC (system
development life cycle).

Methods for Project Management and Systems Development N (09 Hours)

Software development tools, quality assurance, project planning, scheduling, risk management, cost
estimation, and system development methodologies (waterfall, agile, spiral, RAD), as well as system
modeling techniques (DFD, UML).

Activities for System Analysis ' - ' (08 Ho.j;;

Use case modeling, functional and non-functional requirements, feasibility analysis, requirement
validation, and requirement elicitation methods (interviews, surveys, and prototyping).

Fundamentals of System Architecture (09 Hours)

Human-computer interaction (HCI) elements, network design considerations, éystem architectu_réT
hardware and software choices, user interface (Ul) and user experience (UX) principles, system security,
and access control systems.

S—
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

Concepits of Advanced Systém Design _ (10 Hdurs)

UML design models {class, sequence, and activity diagrams), database design and management, data
security and integrity, database modeling techniques, system implementation and testing strategies, and
object-oriented design principles (encapsulation, inheritance, and polymorphism).

(Total Contact Time=45 Hours)

’Iéooks Recommended:

L

J. W. Satzinger, R. B. Jackson and S. D. Burd, “Systems Analysis and Design in a Changing World”, 6th ed.
Boston, USA: Thomson Course Technology, 2012.

Averill M. Law, “Simulation modelling and analysis (SIE)”, 4th Edition, Tata McGraw Hill India, 2007.
David Cloud, Larry Rainey, “Applied Modelling and Simulation”, Tata McGraw Hill, Iﬁdia.

Gabriel A. Wainer, “Discrete-event modelling and simulation: a practitioner's approach”, 1st Edition, CRC
Press, 2009.

Bernard P. Zeigler, Herbert Praehofer, Tag Gon Kim, “Theory of modelling and simulation: integrating

discrete event and continuous complex dynamic systems”, 2nd Edition, Academic Press, 2000.

B W
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG. IV (Al) Semester — VIl
INTELLIGENT MULTIAGENT AND EXPERT SYSTEMS

1A402

Credit l

Scheme |3 | g |2

04

1. Course Outcomes (COs):

| At the end of the course, students will be able to

| cO1 | understand the fundamentals of multi-agent systems: Grasp the core concepts, architectures,
and challenges of multi-agent systems.
| co2 design and implement multi-agent system_s':—AppIy techniq'ues for designing, imple_menting, and
analyzing multi-agent systems.
CO3 | apply knowledge representation and reasoning techniques: Utilize knowledge representation
languages and reasoning algorithms for building intelligent agents.
| co4 develop expert systems: Design and implément expert systems using various kﬁowledge
representation and reasoning techniques.
'CO5 | evaluate and analyze intelligent systems: Critically evaluate the performance and limitations of
intelligent systems, including multi-agent and expert systems.
| 2. | syllabus _ _ a R

Introduction to Atificial Inteil_igence and M'ulti-Agent Systems

(06 Hours) |

Introduction to Artificial Intelligence: What is A_I; History and Milestones, Multi-Agent Systems: Definition

and characteristics, Types of agents: reactive, deliberative, hybrid, Agent architectures: BDI, SOAR,

Challenges and limitations

Knowledge Representation and Reasoning

(08 Hours)

i(nowled_ge Represen“tation Lahguages: Prdﬁositional and first-order logic, Semantic networks and
ontologies, Frame-based representations, Reasoning Techniques: Inference rules - Modus Ponens, Modus
Tollens, Forward and backward chaining, Uncertainty reasoning: Bayesian networks, fuzzy logic, Constraint

satisfaction problems

Multi-Agent Coordination and"Negotiation

(07 Hours)

Subject Code: #HnXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O
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sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence
Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)
Coordination Mechanisms: Centralized and decentralized coordination, Task allocation and séheduling,
Negotiation and bargaining strategies, Communication Protocols, Message passing and shared memory,
Cooperation and Competition
Learning in Multi-Agent Systems o (06 Hours)"'

Reinforcement Learning: Single-agent reinforcement learning, Multi-agent reinforcement learning,
Machine Learning Techniques: Supervised learning, Unsupervised learning, Semi-supervised learning,
Learning from Human Behavior: Imitation learning, Apprenticeship learning

Expert Systems o _ (10 Hours)

Expert System Architecture: Knowledge base, Inference engine, User interface, Explanation facility,
Knowledge Acquisition Techniques: Knowledge elicitation, Machine learning for knowledge acquisition,
Expert System Applications: Medical diagnosis, Financial analysis )

Ethical and Social Implications of Multi-Agent and Expert Systems (08 Hours)

Ethical Considerations: Bias and fairness, Privacy and securify, Accountability and transparency, Social
Impact: Increase in Productivity, Impact on Jobs, Impact on Policy Design
Practicals will be based on the coverage of the above topics separately. (30 Hours)

(Total Contact Time: 45 Hoyrs_+ 30 Hours = ?SHours_)__

3. Practicals:

| 1. Introduction to Python for Al: Basic Python Proéramming Constructs, Numpy, Scipy, Pandas, Matplotlib, -
Seaborn for Data Processing and Visualization

Tlmpleménting simple rule-based _expert system

3. Implementing forward and backward chaining algorithms

4. Building a Semantic Network with Knowledge Representation and Inference Rules

5. Designing a Simple Multi-Agent System using a simulation environment (like MASON, NetlLogo)

6. Implementing Negotiation Strategies uéing a negotiation protocol (e.g., FIPA-ACL) to simulate agent
negotiation

7. Building a Medical Diagnosis Expert System using a knowledge:based systel;n to diagnose diseases based on
symptoms and uncertainty reasoning techniques

LS. Developing a Financial Advisor Expert System ' ' ' J
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sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)
9. Reinforcement Learning for Multi-Agent Systems to learn optimal policies through interaction with the
environment

10. Machine Learning for Agent Behavior to learn agent behaviors from data

11. Ethical Al Design and Develbpment, A_riéliyzing real-world Al systems for po't'ential biases and harms

4. Books Recommended:

Russell, S., & Norvig, P. (2016). Artificial Intelligence: A Modern Approach. Pearson.

Wooldridge, M. J. (2009). An Introduction to MultiAgent Systems. John Wiley & Sons.

Giarratano, 1., & Riley, G. {2021). Expert Systems: Principles and Programming. Cengage Learning.
Gerhard Welss (1999). Multiagent Systems: A Modern Approach to Distributed Artificial Intelligence

R

Victor Dibia (2024). Multi-Agent Systems with AutoGen
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech. (Artificial Intelligence)

IPG IV {Al) Semester — VIII . . L% [® | Eredi
PROFESSIONAL ETHICS, BUSINESS AND ENTREPRENEURSHIP

HU402 Scheme 31010 03

L

Course Outcomes (COs):

co1

| At the end of the course, students will be able to

Apply ethical principles and professional codes of conduct to resolve ethical dilemmas in
business and professional settings.

Cco2

Evaluate the role of corporate social responsibility (CSR), ethical leadership, and governance in
sustainable business practices.

co3

Identify entrepreneurial opportunities, create business mo_dels, and formulate strategic
business plans for startups.

Co4

Manage financial resources, budgeting, and funding sources while understanding the economic |
impact of entrepreneurship.

CO5

“Develop leadership skills,_problem-solving abilities, and innovative strategies for scaling and
sustaining a business.

Syllabus

INTRODUCTION TO PROFESSIONAL ETHICS (06 Hours)

D'efinition;'scope, and importance of ethics in professional life, Ethical theories, moral reasoning, and
decision-making frameworks.

BUSINESS ETHICS AND CORPORATE GOVERNANCE (06 Hours)

Cor'porate social resb-onsibility (CSR) and ethical \eadership, Corporate governance p_rinciples, tranéparency,
and legal compliance.

FUNDAMENTALS OF ENTREPRENEURSHIP ' (07 Hours)

Concept,_characteristics, and types of entrepreneurs, Role of innovatibn, risk-taking, and problenﬁ—solving in
entrepreneurship.

BUSINESS PLANNING AND STRATEGY | (07 Hours)

Components of a business plan and market research, Business models, funding sources, and competitive
strategies.

FINANCIAL AND ECONOMIC ASPECTS OF ENTREPRENEURSHIP (06 Hours)

Financial management, budgeting, and cost control, Economic impa;c-t, sustaInabiI_ity, and financial literacy
for entrepreneurs.
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ETHICAL CHALLENGES IN BUSINESS AND ENTREPRENEURSHIP ' R (06 Hours)

Ethical decision-making in startups and corporétions, Consumer rights, social responsibilities, and case
studies on ethical failures.

LEADERSHIP, INNOVATION AND BUSINESS GROWTH ' (07 Hours)

Entrepreneurial leadership and team management, Scaling businesses, crisis management, and emerging
trends in entrepreneurship.

(Total Contact Time: 45 Hours)_

1

__4. Books Recommended:

2;

. R. Subramanian — Professional Ethics — Oxford University Press

Andrew Crane & Dirk Matten — Business Ethics: Managing Corporate Citizenship and Sustainability in the
Age of Globalization — Oxford University Press

Robert D. Hisrich, Michael P. Peters & Dean A. Shepherd - Entrepreneurship = McGraw Hill Education

S.K. Mandal — Ethics in Business and Corporate Governance - McGraw Hill Education

Donald F. Kuratko — Entrepreneurship: Theory, Process, and Practice — Cengage Learning
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IPG IV (Al) Semester - VI LLT!p ! credit
HUMAN COMPUTER INTERACTION )
IA404 Scheme |3 | 0|0 03

1. Course Outcomes (COs):
At the end of the course, students will be able to -
CO1 | Understand the history of HCI, human abilities, interaction styles, and computing paradigms.

€02 | Apply usability concepts and prototyping technigues to design user-friendly GUIs.

€03 | Implement HCl guidelines like Shneiderman’s rules, Norman's principles, and Nielsen’s
heuristics for system evaluation.

| COo4 Design dialog systems using FSMs, Petri nets, and model-based techniques like GOMS and Fitts’
law.

CO5 | Conduct HCI experimenhts, task modeling (HTA, CTT), and data analysis to improve system
usability.

2. | Syllabus
HCI foundation _ - _ (03 Hours)

history, human abilities, state of the art in computing technologv; interaction sf-yles and paradigms

Interactive system design (05 Hours)

Concept of usability definition and elaboration, HCI and software engineering, GUI design and aestheiics,
Prototyping techniques
Guidelines in HC (08 Hours)

Shneiderman’s eight golden rules, Norman'’s seven principles, Norman’s model of interaction, Nielsen’s
ten heuristics with example of its use, Heuristic evaluation, Contextual inquiry, Cognitive walkthrough
Dialog Design (05 Hours)

Introduction to formalism in dialog désign, design using FSM (finite state machines), State charts and
(classical) Petri Nets in dialog design
Model-based Design and evaluation (08 Hours)

Basic -idea, introduction to different types of models, GOMS family of models (KLM and CMN:GOMS),
Fitts” law and Hick Hyman’s law, Model-based design case studies
‘ Cognitive architecture, and Design -Case Studies

(08 Hours)
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Introduction to CA, CA types, relevance of CA in IS design, Model Human Processor (MHP);_Case Study 1-
Multi Key press Hindi Text Input Method on a Mobile Phone, Case Study 2 - GUI design for a mobile
phone based Matrimonial application, Case Study 3 Employment Information System for unorganised
construction workers on a Mobile Phane.

Empirical research methads in HCl and task mode!in_g and analysis ' (08 Houlrls)__

Introduction (motivation, issues,_rggéarch question formulation techniques, Experiment design and data
analysis (with explanation of one-way ANOVA), Hierarchical task analysis (HTA), Engineering task models
and Concur Task Tree (CTT)

Total Contact Time: 45 Hou.rs

4. Books Recommended:

1.

4,

Dix A., Finlay J., Abowd G. D. and Beale R. Human Computer Interaction, 3rd edition, Pearson Education,
2005.

Preece J., Rogers Y., Sharp H., Baniyon D., Holland S. and Carey T. Human Computer Interaction, Addison-
Wesley, 1994,

B. Shneiderman; Designing the User Interface, Addison Wesley 2000 (Indian Reprint).

J. M. Caroll (ed.), HCI Models, Theories and Frameworks: Towards a Multidisciplinary Science {Interactive
Technologies), Morgan Kauffman, 2003.
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[IPG IV (Al) Semester — VIII
DRONE AND AUTOMATION SYSTEMS

L| T]|P| Credit

1A452 Scheme | 3| 0|0 | 03
1. Course Outcomes (COs): o ' ' R ]
At the end of the course, students will be able to |
CO1 | Understand Drone Fundamentals — Explain autonomous flight principles and UAV components

| co2 Analyze Drone Technologies — Evaluate navigation, sensors, communication, and power systems.

| co3 Design UAV Systems — Apply UAV désign and feasibility analysis. _

| co4 | Implement Automation & Control - Develop flight controllers, GPS naviga_t_ion, and Al-driven automation.
COS | Apply Safety & Regulations - Demonstrate knowledge of telemetry, FPV, laws, and risk managément.

[ 2. | syllabus B | B

Overview of thht Prmuples and Autonomous Drones (08 Hours)

Aero'dynamics, flight principles, flight maneuvers, control surfaces, and the history of autonomous drones.
An overview of do-it-yourself drone development and automation applications.

System Components and Drone Technologies (09 hours)

Payloads, _éensors, and navigation are essential technologies for drone automation. Commercial off-the-
shelf (COTS) drone technologies, communication systems (RF, GPS, telemetry), and power sources and
battery management.

Design and Development of Unmanned Aerial Vehicles (UAVs) ) i (09 Hours)

UAV classifications, successful drone case studies, and conceptual, preliminary, and detailed UAV d951gn
Aspects of UAV development that include automation, propulsion systems (motors, propellers, and
powertrain integration), airframe selection, feasibility analysis, and sequential UAV assembly.

Navigation, Automation, and Control of Drones ‘ (10 hours)_

Parts, configuration, and setup of flight controllers. systems for GPS, compass and battery monitoring.
Swarm drone coordination, Al-powered navigation, transmitter frequency bands, autonomous flight
modes, and real-time automation.

Safety, Telemetry, and Business Uses | ‘ (09 hours)

First-Person View (FPV) systems camera |ntegrat|0n telemetry radios, and real-time data transmission.
rules pertaining to flight safety, pre-flight checklists, risk management, commercial drone platforms, do-it-
yourself airframe construction, and upcoming developments in Al- -powered UAV automation.

(Total Contact Time= 45 Hours )
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4. Books Recommended:

1.

Terry Kilby and Belinda Kilby Make: Getting Started with Drones, First Edition, Maker Media fnc, San
Francisco CA, 2016

Baichtal, John. Building Your Own Drones: A Beginners' Guide to Drones, UAVs, and ROVs. Que Publishing,
2016.

Sadraey, Mohammad H. Design of Unmanned Aerial Systems. Wiley, 2017.

Jha, A. R. Theory, Design, and Applications of Unmanned Aerial Vehicles. CRC Press, 2016.

Cardon, Alain, and Mhamed Itmi. New Autonomous Systems. Wiley, 2016.
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’ IPG IV (Al) Semester — VIl y Lol el g diﬂ
ADVERSARIAL MACHINE LEARNING __
1A454 Scheme |3 |0|0| 00
1. Course Outcomes (COs): N
| At the end of the course, students will be able to
co1 | To explain key concepts, including adversarial attacks, defenses, and the role of adversarial
learning in Al security.
co2 | To 'explore whife-box, black-box, and gray-box attack sirategies, including gradient-based
attacks and optimization-based approaches.
co3| To study and apply adversarial defense techniques such as adversarial training, input
preprocessing, model regularization, and robust architectures.
CO4 | To assess model vulnerabilities, conduct robustness testing, and use metrics to quantify the o
impact of adversarial perturbations.
| cos | To _i'mp!ement adversarial learning techhiques in domains like cybersecurity, autonomous
systems, and healthcare while considering ethical implications.
[2. | syllabus . i
INTRODUCTION TO ADVERSARIAL MACHINE LEARNING ) (06 Hours)
| Definition and significance, Threat models in ML secdr'ity, Catego'ri'és of adversarial attacks
ADVERSARIAL ATTACK TECHNIQUES ' - (07 Hours)

White-box vs. black-box attacks, Evasion attacks (FGSM, PG_D, W), Poisoni-ng and backdoor attacks

DEFENSES AGAINGT ADVERSARIAL ATTACKS (07 Hours)

Adversarial training and robust optimization, Gradieht"masking and -i_nput transformations, Certified
robustness techniques

THEORETICAL FOUNDATIONS OF ADVERSARIAL ML | (06 Hours)
Perturbation bounds and robustness, Decision boundary analysis, Trade-offs between accuracy and '
robustness _

APPLICATIONS AND CASE STUDIES (06 Hours)

Adversarial ML in com puter vision and NLP, Security challenges in autonomous sys'tems, Case studies from

industry and research

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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ADVANCED TOPICS IN ADVERSARIAL ML (07 Hours)

Explainability and interpretability in adversarial settirigs Transferabifitv and universal adversarial
perturhatlons Generative models and adversarial training
PRACTICAL IMPLEMENTATIONS AND RESEARCH TRENDS (06 Hours)

Benchmarking adversarial robuét_ﬁtg Hands-on attack and defense implementatidh, Emerging research
directions and open challenges

(Tota!_cbhtact Time: 45 Hours)

4. Books Recommended:

Battista Biggio and Fabio Roli, Adversarial Machine Learmng, Now Publishers, 2018.

lan Goodfellow, Yoshua Bengio, Aaaron Courville, Franchis Bach, Deep Learning (Adaptive Computation and
Machine Learning series), MIT Press, 2017

P. W. Singer and Emerson T. Brooking, LikeWar: The Weaponization of Social Media, Mariner Books, 2018.
Nicolas Papernot, lan Goodfellow, and Patrick McDaniel, Adversarial Machine Learning: Theory and Practice,
Springer, Upcoming

Daniel Lowd and Christopher Meek, Adversarial Learning, Morgan & Claypool Publishers, 2020.

@ P@/?““/A 9
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IPG. IV (Al) Semester - VIII LI Tl P! credit
MULTIMEDIA SYSTEM & APPLICATIONS il

IA456

Scheme | 3 | o | 0 03

1. Course Outcomes (COs):

At the

end of the course, students will be able to

co1

Understand different lossy and lossless compressmn algorithms.

co2

Understand the various transforms required to compress images and criticallyr analyze their
advantages and limitations.

| co3

Analyze different audio, image and video ccir:npression standards and their advance features.

Co4

Understand different protocols of multimedia communication networking and their
applications

' cos

Analyze the ways in which multimedia data is transmitted across networks

ZI

Syllabus

Introduction . ) .(04 Hours)

Cofﬁponents of Multimedia System, Multimedia Applications, Describtion and Architecture of Multimedia
System; System specifications

Multimedia Content and Formats [ (06 Hours)

Text, Digital Audion_Concepts,"Sound MIDI, Audio file formats, Audio and Video Cépfure, Sampling,
Quantization, Image, Audio, and Video formats, Animation

Multimedia Content Coding and Comperssion ’ (12 Hours)

Lossy and Losslesstompression, Imagé, Audio and Video Compressioﬁ, Huffman Coding,'Shannon Fano
Algorithm, Adaptive Coding, Arithmetic Coding, Higher Order Modeling, Finite Context Modeling, Dictionary
based Compression, Transform Coding, Case study: LZ77, LZW, JPEG, DCT, MPEG.
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Multimedia Storage and Retrieval

(08 Hours)"‘

Storage Requirements for Multimedia Data, File Formats and Storage Standards, Multimedia Indexing and
Retrieval Techniques, Content-Based Retrieval (CBIR, CBVR), Cloud Storage for Multimedia, Metadata and
Tagging in Multimedia

Multimedia Server and Access (06 Hours)

Multimedia Protocols, Services, Interfacé,“ Multimedia server and (flients, Multimedia streaming,
Multimedia on demand, Security lssues.

Multimedia Project Development and Management - (05 Hours)

Multimedia Project : f;tages of project, multimedia skills, design concept, authoring - planning _
and costing, Multimedia Team.

Broadcasting, Digital Radio, Multimedia Conferencing.

Emerging Technologies in Multimedia \ o - ‘ (04 Hd_t-lq

_Multimedia-lodking towards Future: Digital Communication and New Media, Interactive Television, Digital'

(Total Contact Time: 45 H(P)_urs)

1.

_4.__800!(5 Recomr_nended: _ B _ -
Kamisetty Rao, Zoran Bojkovic, Dragorad Milovanovic, "Introduction to Multimedia Communications:
Applications, Middleware, Networking", Wiley-Interscience, 2006

Nikil Jayant, "Signal Compression: Coding of Speech, Audio, Text, Image and Video, World Scientific", 1997

Vasudev Bhaskaran, and Konstantinos Konstantinides, "Image and Video Compression Standards: Algorithms
and Architectures", Springer 1997

Ralf Steinmetz and Klara Nahrstedt, "Multimedia Systems", Springer, 2004

Khalid Sayood, "Lossless Compression Handbook (Communications, Networking and Multimedia)", 1/E,
Academic Press; 2002
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IPG IV (Al) Semester — VIl
BLOCKCHAIN AND ITS APPLICATION

L| T | P | Credit

IA458 slolol 63
Scheme

[ 1. Course Outcomes (COs):
At the end of the course, students will be able to

CO1 | Understand blockchain architecture, consensus mechanisms, and decentrallzatlon.

CO2 | Apply cryptographic techniques for secure blockchain operations.

CO3 | Develop and deploy smart contracts using Solidity.

C04 | Build decentralized applications (DApps) for real-world use cases.

COS | Assess blockchain scalabilit\;, _securit\,r, and privaéy solutions.

2. | Syllabus ] - _
Overview of Blockchain Technology (05 Hours)

An overview of blockchain technolog{g including its blocks and transactions, distributed consensus,
structure, longest chain rule, cryptocurrency, permissioned versus permissionless blockchain models, and
Blockchain 2.0.

Smart Contracts and Decentrallzatlon (10 Hours)

Decentralization techniques, disintermediation, contest-driven decentralization, decentralization
framework, wallets, alternative coins, proof of stake, proof of storage, difficulty adjustment algorithms,
and Bitcoin limitations are all examples of blockchain ecosystem components. An overview of smart
contracts, smart contract templates, smart oracles, and smart contract deployment.

Development Tools and Permitted Blockchains (10 Hours)

Consensus mechanisms (Paxos, RAFT, Byzantine General Problem, Practical Byzantine Fault Tolerance), use
cases, and models of permissioned blockchains. Development tools and frameworks for blockchain:
Ganache, MetaMask, Truffle, Solidity compilers, IDEs, Solidity fundamentals (types, functions, control
structures, source code layout), and the creation and implementation of smart contracts.

Basics of Cryptography and Hyperledger ' ‘ (10 Hdﬁrs}

Design objectives, modular design, privacy, scalability, deterministic transactions, identity and auditability,
interoperability, membership services, blockchain services, consensus mechanisms, and Hyperledger
architecture Corda's Sawtooth Lake. Key generation, secure hash algorithms, hash pointers, digital
signatures, Merkle trees, Patricia trees, distributed hash tables, symmetric and public key cryptography,
and cryptographic hard problems are examples of cryptographic primitives for blockchain.

i Cryptocurrencies, Applications, Use Cases and Challenges ‘ (10 hours)

Basics of Bitcoin and cryptocurrenaes digital keys and addresses, prwate/public keys, Base58Check
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encoding, multi-signature addresses, block structure, mining, proof of work, Bitcoin network, payments,
clients, and APIs. Blockchain applications in loT, supply chain, government, finance, and security. Block size
increases, sidechains, privacy issues, zero-knowledge proofs, homomorphic encryption, state channels,
private transactions, scalability issues, and decentralized applications (DApps). -

(Total Contact Time= 45 Hours) ]

1.

5w

i_Book; Recommended:

Imran Bashir, “Mastering Blockchain”, 2/E, Packt pub_lishing, Mumbai, 2018.'

Andreas Antonopoulos, “Mastering Bitcoin: Unlocking Digital Cryptocurrencies”, 2/E, O'Reilly, 2014.
Melanie Swan, “Blockchain Blueprint for a New Economy”, 1/E, O'Reilly Media, 2015.

Don and Alex Tapscott, “Blockchain Revolution”, 1/E, Penguin Books Ltd, 2018

Alan T. Norman, “Blockchain Technology Explained”,1/E, CreateSpace Independent Publishing Platform,
2017.
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IPG IV (Al) Semester — VIII .
SOCIAL NETWORK ANALYSIS e | T | B | Gmedit
1A460 Scheme | 4 0 0 03

1. Course Qutcomes (COs).

At the end of the course, students will be able to

CO1 | Conceptualize and represent social phenomena as networks.

'CO2 | Calculate and interpret key network metrics. \ ]
CO3 | Apply different methods for collecting and managing network data. O
CO4 | Visualize and interpret network structures.

CO5 Cntlcally evaluate and apply social network analy8|s to address real world problems.

2. | Syllabus N
| Introduction | (08Hours)

Definition of Social Network Analysis (SNA), History and Key Figures in SNA, The Relational
Perspective, Applications of SNA in Various Fields, Basic Network Concepts: Nodes, Edges,
Types of Networks (Directed/Undirected, Weighted/Unweighted, Multiplex)

Representing Networks (05 Hours)

Adjacency Matrices and Edge Lists, Graph Representation, Ontology-based knowledge
Representation, Ontology languages for the Semantic Web: Resource Description Framework —
Web Ontology Language,Ontological representation of social relationships — Aggregating and
reasoning with social network data

Node-Level and Dyad-Level Metrics (07 Hours)

Degree Centrality (In-degree, Out-degree), Betweenness Centrality, Closeness Centrality,
Eigenvector Centrality and PageRank, Reciprocity, Transitivity and Triadic Closure, Density,
Clustering Coefficient, Components and Connectedness

Subgroups and Cliques (07 Hours)

Cliques and Maximal Cliques, k-Cores, Community Detection Algorithms: Modularity Optimization,
Girvan-Newman Algorithm, Louvain Algorithm, Practical Applications of Community Detection
“Network Visualization Principles and Data Collection Methods (07 Hours)

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
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Layout Algorithms (Force-Directed, Circular, etc.), Node and Edge Attributes for Visualization,
Communicating Network Insights Visually, Best Practices in Network Visualization, Surveys and
Questionnaires, Archival Data and Records, Online Data and Digital Trace Data, Ethical
_| Considerations in Network Data Collection ]

Network Models (05 Hours)

| Random Graph Models (Erdos-Renyi), Small-World Networks (Watts-Strogatz), Scale-Free
Networks (Barabasi-Albert), Stochastic Actor-Based Models (SABMs) - Introduction, Exponential
Random Graph Models (ERGMs) - Introduction

Social Media Analysis (06 Hou rs)

Analyzing Online Social Networks (Twitter, Facebook, etc.), Sentiment Analysis in Networks,
Information Spread and Misinformation, Ethical Considerations in Online Network Research,
Graph Neural Networks, Graph Convolutional Neural Network with Attention

(Total Contact Time: 45 Hours)

3. Books B_gg_pmmé_h_déd:
1. Social Network Analysis by Tanmoy Chakraborty, Wiley, 2021

2. Network Science by Albert-Lazzlo Barabasi
3. Social Network Analysis: Methods and Applications by Stanley Wasserman, Katherine Faus
4. Social Network Analysis by John G. Scott

5. Social Network Analysis: Methods and Examples by by Song Yang, Franziska B Keller, Lu Zheng

Subject Code: ##nXX; #Ht: Department Identity, n: Year, XX: Subject Sequence number XX: last digit 0
(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD
and EVEN semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects
list for Minor and Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject,
SC: Science Subject (offered combinedly by departments) (SVNIT Surat)
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Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

IPG IV (Al) Semester-ViIl B o i 15 Iml "'Cr o
Agentic Al e ]
1A462 Scheme | 3 | 0|0 3
1. Course Outcomes (COs): )
At the end of the course, students will be able to _
CO1 | Understand the foundational concepts of Al and agentic systems.
co2 Develob skills to design, itﬁplement, and evaluate Al agehts.
CO3 | Explore real-world applications of Al in various domains.
| CO4 | Discuss ethical, societal, and economic implications of Al technologies. _
CO5 | Be preparéd for research, inriovation, or industry roles in Al and agentic systems.
[z Syllabus
Foundations of Al Agents and Agentic Al ' -(07 Hours)

Definitions and distinctions: Al agents vs. Agentic AI, Core components of Al agents: perception, decision-
making, action, Types of Al agents: reactive, deliberative, hybrid, Introduction to Agentic Al principles:
autonomy, goal-orientation, adaptability, Ethical considerations in Al agent development,

Large Language Models (LLMs) and Agent Integration (08 Hours) |

LLM fundamentals: architecture, capabilities, limitations. Prompt_engineeriné: techniques for effective LLM
interaction, Function calling: enabling LLMs to interact with external tools, Retrieval-Augmented
Generation (RAG) for enhanced agent knowledge,

Multi-Agent Systems and Collaborative Al a (06 Hours)_

Multi-agent system architectures, Agent communication and coordination, Cdordination cobberation, and
competition in MAS. Workflow orchestration with multlple agents, Tools like AutoGen and CrewAl

Advanced Agentic Al Architectures and Patterns (08 Hours)

Agentic Al design patterns: ReAct, planning, reﬂéction, Agent memory and state management, Agentic RAG
systems, LangGraph, Meta-learning and few-shot learning for adaptive agents.

Al Agent Development Frameworks and XAl _ (07 Hourg

Tools and frameworks for building Al agents: OpenAl Gym, Unity ML-Agenfs, and RLlib. Simulation
environments for training and testing agents, Techniques for making Al agents transparent and

| interpretable (SHAP, LIME, and saliency maps), Ethical implications of explainability in Al systems.

Subject Code: ##nXX; ##: Department Identity, n: Year, XX: Subject Sequence number XX: last digit O

(subject offered in both ODD and EVEN semesters, XX: 01 to 30 — last digit ODD and EVEN for ODD and EVEN
semesters (Mandatory Core), XX: 31 to 50 (Optional Core), XX: 51 to 99 (Elective), Subjects list for Minor and
Honor (M/H#1-4), Subjects list for Specialization track (#1-4) EG: Engineering Subject, SC: Science Subject
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Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat
Department of Artificial Intelligence

Integrated B.Tech. (Artificial Intelligence) and M.Tech (Artificial Intelligence)

Al Agents in Real-World A'pplications : ' (09 'Hours)

Applications of Al agents in robotics, healthcare, finance, autonomous systems, virtual assistants and
customer service agents.

_ (Total Contact Time: 45 Hours = 45 Hours ) |

—3. Books Recommended:

1. Artificial Intelligence: A Modern Approach by Stuart Russell and Peter Norvig.

2. Multi-Agent Systems: An Introduction to Distributed Artificial Intelligence by Jacques Ferber.

3. Multiagent Systems: Algorithmic, Game-Theoretic, and Logical Foundations" by Yoav Shoham and Kevin
Leyton-Brown.

4. An Introduction to MultiAgent Systems" by Michael Wooldridge
5. Research papers from top Al conferences: CVPR, NeurlPS, ICML, AAAI, and lJCAI.
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