DETAILED SYLLABUS

SEMESTER-1
MATHEMATICAL ANALYSIS
Course Code: BMA- 581 L-T-P-C: 3-1-0-4

Course Learning Outcomes:

On satisfying the requirements of the course and | Bloom’s
upon its successful completion, students will have Level
. | knowledge/skills/competency to:
CLO 1 | Demonstrate basic knowledge of the real number system, Apply
its properties, point topology, and various types of real
number sets,

CLO 2 | Find limits of real-valued functions, examine continuity | Analyze &
and differentiability of the functions and prove related Apply

_ theorems and illustrate their applications,
CLO 3 | Investigate the convergence of concrete numerical | Analyze
sequences and series and uniform convergence of
sequences and series of functions and prove standard
. inequalities,
CLO 4 | Examine the existence and uniform convergence of | Analyze
Riemann-Stieltje’s Integral, prove related theorems and
carry out convergence analysis of power series and prove
7 related theorems,

CLO 5 | Explain the fundamental concepts of measure theory and | Understand
prove related theorems.

SYLLABUS

Unit I: Real Number System: Real number system and set theory, ordered set,
The Real Field, The Extended real number system, Completeness property,
Archimedian property, Denseness of rational and irrational, Cardinality, Zorn’s
lemma. Axiom of choice. Countable and uncountable, Compact Sets, Perfect
Sets, Connected Sets.

Unit 11: Continuity and Differentiability: Limits of functions, Continuous
Functions, Uniform Continuity, Continuity and Compactness, Continuity and
Connectedness, Discontinuities, Monotonic Functions, the derivative of a real
function. Mean value theorems, The Continuity of Derivatives, L’ Hospital’s
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Rule. Derivatives of Higher Order, Taylor's theorem, Differentiation of Vector-
valued Functions, . ' d
Unit 11: Sequences and Series: Sequence and series of numbc‘rs, Sequences an
Series of  Funetjons. Uniform Convergence, Uniform Qonvcrgencc and
Continuity, Uniform Convergence and Integration, Functl‘ons of bounded
variation,  LPspaces, convex functions, Jensen’s inequality, Holder and
Minkowski inequalities, completeness of L7, :
Unit 1V: Integration: Definition and existence of Riemann Integral, Properties
of the integral, Integration and differentiation, Fundamental theorem of integral
caleulus, Uniform convergenee of Riemann Integral, Integration ofvector-valyed
function, Rectifiable curves, Weierstrass approximation theorem, Power Series,
Uniqueness theorem for power series, Abel’s and Tauber’s theorems and the
generalized form of Riemann Integral.

Unit V: Measure Theory: Measurable sets, Lebesgue outer measure, Regularity,
Measurable functions, Borel and Lebesgue measurability, measures and outer
measures, an extension of a measure, uniqueness of extension, Completion of

measure, Measure spaces, Integration with respect to measuring, Convergence in
measure, almost uniform convergence.

Text Book:

1. Rudin, W. (2013) Princi

McGraw Hill Education
Reference books:

1. Apostol, T. (2000) Mathematic
Distributers Pvt. Ltd.

2. Bartle, R.G. and Sherbert D. R. (2000) Introduction to Real Analysis (3rd
edition) John Wiley & Sons, Inc., New York.

ples of Mathematical Analysis (3rd Edition), Tata

al Analysis (2nd edition) Narosa Book

Any other text recommended by the instructor.

COMPUTATIONAL LINEAR ALGEBRA WITH MATLAB

Course Code: BMA-583 L-T-P-C: 3-0-2-4

Course Learning Outcomes:

On satisfying the requirements of the course and upon

Bloom’s
its  successful completion, students will have Level
knowledge/skills/competency to:

CLO 1 | explain the vector space structure with related concepts | Understand

and use basic algorithms of matrix multiplication & Apply
CLO 2 | discuss basic linear algebraic concepts, norms, the | Understand
principle underlying SVD, etc., and solve triangular
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lincar equations using LU

systems of
factorization/parallel

R pivotingg}rﬁutﬂc_gics, - 3 e

CLO 3 | apply various methods to solve special lincar systems of Apply
and perform matrix orthogonalization and

LU, Gaussian climination and

cquations

factorization as well as solve the full-rank and rank—

deficient lcast squares problems, =g
roblems and unsymmetric Evaluate

CLO 4 | solve modified least squarcs p
| cigenvaluc problems by sclecting methods/algorithms___ L
CLO 5 | utilize sclect algorithms  to solve the symmetric Apply

cigenvalue problems and compute SVD and evaluate

matrix functions, el

RN IS

SYLLABUS

Unit-I: Vector Space and Matrix Multiplication: Overview of Vector space,
Basic algorithm, and notations, Structurc and efficiency, Block matrices and
algorithms, Fast matrix-vector products, Vector products, Vectorization and

locality, Parallel matrix multiplication.
Unit-IT: Matrix Analysis: Basic ideas
norms, The singular value decomposition, Subspace m
square systems, and Finite precision matrix computation.

General Linear Systems: Triangular systems, The LU tactorization, round-off

error in Gaussian climination, Pivoting, Improving and Estimating Accuracy,

Parallel LU.

Unit-111: Special Linear Syst
definite systems, Banded sys
diagonal systems, Vandermonde systems, classical met

Circulant and discrete Poisson systems.
Orthogonalization and Least Square: Householder and  Givens

transformations, The QR factorization, The full-rank least square problem, Other
orthogonal factorizations, The rank deficient least square problem, square and

undetermined systems.

Unit-1V: Modified Least Square problems and Methods: Weighting and
regularization, Constrained least squares, Total least squares, Subspace
computations with SVD, Updating matrix factorizations. Un-symmetric Eigen

Value Problems: properties and Decomposition, Perturbation theory, Power
iterations, The Heisenberg and real Schur Forms, The Practical QR algorithm,
Invariant subspace computations, The generalized Eigenvalue problem,
Hamiltonian and product Eigenvalue problems, Pseudo spectra.

Unit-V: Symmetric Eigen Valuc Problems: Properties and decompositions,
Power iterations, the symmetric QR algorithm, more methods for tri-diagonal
problems, Jacobi methods, Computing the SVD, Generalized Eigenvalue
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problem with symmetry. approximation methods, The

Functions of Matrices:
matrix exponential, the sign, squ

Eigenvalue methods,
are root, and Log of a matrix.
LAB WORK: Implementation of any 2-3 techniques from each UNIT (selected
by the instructor) using MATLAB.

Text Book: . h
1. Gene. H. Golub, Charles F. Van Loan, Matrix Computations, Fourt
Edition, The Johns Hopkins Urnversxty Press, Baltimore 2013.

Reference Books:
J. W. Demmel, Applied Numerical Linear Algebra, SIAM, 1997.

P.G. Ciarlet, Introduction to numerical linear algebra and optimization
William Ford, Numerical linear algebra with applications, AP
Richard Bronson, G.B. Costa, Matrix Methods: Applied Linear Algebra,

Third Edition, AP.

Ay

Any other text reccommended by the instructor.

PRINCIPLES OF DATA SCIENCE WITH PYTHON

Course Code: BMA-585 L-T-P-C: 3-0-2-4

Course Learning Outcomes:

On satisfying the- requirements of the course and Bloom’s
upon its successful completion, students will have Level
) knowledge/skills/competency to:
CLO 1 | explain concepts of data science and data preprocessing | Understand
and apply tools to preprocess data, carry out exploratory
| data analysis and data visualization,
s = s
CLO 2 | utilize probability theory in the analysis of data with Apply
: f numeric and categorical attributes,
. i
| O 3 Einvestigate graph data and high-dimensional data and Analyze
{ apply kernel methods to analyze data,
{ o —
| CLO 4 | implement  select clustering and dimensionality Apply
i | reduction tec,hmques for data preprocessing and data
i | mining,
| i - |
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1CL()5 employ select regression algorithms and classifiers to Applygl

carry out data analysis

SYLLABUS

Data Science skills, Big Data and Data
ata Science Landscape, Data Science
a Cleaning, Data Integration, Data
Discretization — typcs/methods/tools,

Unit-1: Introduction: Data Science and
Science, Datafication with Examples, D
Environment. Data Preprocessing: Dat
Reduction, Data Transformation, and Data
Types of Data, Level of Data, Steps of Data Science, Exploratory Data Analysis,
Data Visualization & Descriptive Statistics, Coding, and Tools.

Unit-11: Data Analysis Foundations—I: Numeric Attributes: Univariate
Analysis, Bivariate Analysis, Multivariate Analysis, Data Normalization, Normal
distribution. Categorical Attributes: Univariate Analysis, Bivariate analysis,
Multivariate Analysis, Distance and Angle, Discretization.

Unit-111: Data Analysis Foundations—II: Graph Data: Graph Concepts,

Topological Attributes, Centrality Analysis, Graph models. Kernel Methods:
re Space,

Kernel Matrix, Vector Kernels, Basic Kernel Operations in Featu
Kernels for Complex Objects, High-dimensional Data: High—dimensional
Objects, High—dimensional volumes Hypersphere inscribed within Hypercube,
Volume of Thin. Hypersphere shell, Diagonals in Hyperspace, Density of
Multivariate Normal.

Unit-IV: Dimensional Reduction and Clustering: Dimensionality Reduction:
Background, Principal Component Analysis, Singular Value Decomposition
Clustering: Definition, Types, K-Means Algorithm, EM Algorithm,
Agglomerative Hierarchical Clustering Algorithm.

Unit-V: Regression and Classification: Regression: Simple Linear Regression,
Multiple Regression, Decision Trees, Random Forests. Classification:
Background, Bayes Classifier, Naive Bayes Classifier, K Nearest Neighbors
Classifier, Decision Tree Classifier, Random Forest Classifier.

LAB WORK: Implementation of any 2-3 techniques from each UNIT (selected
by the instructor) using Python.

Text Books: .
|. Cathy O’Neil and Rachel Schutt, “Doing data science, straight talk from

the frontline’”, O’Reilly,2014,

7 Jiawei Han, Micheline Kamber, and Jian Pei, “Data Mining: Concepts and
Techniques”, Third Edition. ISBN 0123814790, 2011.

3. Mohammed J. Zaki and Wagner Miera Jr, “Data Mining and Analysis:

Fundamental Concepts and Algorithms”, Cambridge University Press,

2014. m
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izati ’ Rei 01e.
Munging, Analysis, and Visualization, O Reilly, 2

: . Tools for Dat
Matt Harrison, “Learning the Pandas Library: Python 4

. nei with Python”,
5. Joel Grus, “Data Science from Scratch: First Principles Yy

O’Reilly Media, 2015,

) i ith Pandas,
0. Wes McKinncy, “Python for Data Analysis: Data Wrangling wi

NumPy, and IPython”, O°Reilly Media, 2012.

Any other textbook recommended by the instructor.

PROBABILITY AND STATISTICS WITH R

Course Code: BMA-587

L-T-P-C: 3-0-2-4

Course Learning Outcomes:

—

=i

On satisfying the requirements of the

course and |  Bloom’s
upon its successfyl completion, students will have | Level
| knowledge/skills/com etency to:

CLO 1 | discuss and apply the concepts of probability, Bayes’ Understand
theorem, random variables, and their functions, the and
central limit theorem, ang several  well-known Apply

| distributions,

CLO 2| derive probability - distributions from the normal Apply
distribution and use the distributions and explain
various types of survey sampling  with sample
statistics and their applications,

CLO3 explain the concepts of various parameter estimation Understand
techniques both the point estimation and confidence
interval estimation and fit probability distributions to
the data,

'CLO 4 analyze and utilize various hypothesis tests and Apply/
summarize sample data and derive Analyze
conclusions/decisions,

CLOS | compare  two  samples using parametric and Understand/
nonparametric methods and the Bayesian approach Apply/
and perform the analysis of variance by conducting- Analyze
way two- way layouts and appropriately interpreting

L |results,
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SYLLABUS

Unit-1:  Probability and Distributions:  Probability spaces, Conditional
probability, Independence, Baye’s Rule, Discrete and continuous random
variables, Expectation, Distributions: Binomial, Geometric, modified Geometric,
multinomial, Hypergeometric, Poisson and Normal, Exponential, Weibull, Beta
and Gamma, Functions of random variables, Joint distribution, Conditioning,
Law of large numbers, Central limit theorem.

Unit-11: Distributions Derived from the Normal Distribution: Introduction,
chi — squared, t, F distributions, The sample Mean and the Sample Variance,
Problems.

Survey Sampling: Introduction, Population parameters, simple random
Sampling — The Expectation and variance of the Sample Mean, Estimation of the
Population Variance, The Normal Approximation to the Sampling Distribution

of X Estimation of a Ratio, Stratified random sampling.

Unit-111: Estimation of Parameters and Fitting of Probability Distributions:
Introduction, fitting the Poisson Distribution to Emissions of Alpha Particles,
Paramecter Estimation, The Method of Moments, The Method of Maximum
Likelihood, Maximum Likelihood Estimates of Multinomial Cell Probabilities,
Large sample theory for maximum likelihood estimates, Confidence intervals
from Maximum likelihood estimates, Confidence intervals from Maximum
likelihood estimates, The Bayesian Approach to Parameter Estimation — Further
Remarks on Priors, Large Sample Normal approximation to the Posterior,
computational Aspects, Efficiency, and Sufficiency.

Unit-IV: Testing Hypotheses and Assessing goodness of Fit: Introduction,
The Neyman-Pearson Paradigm- Specification of the Significance Level and the
concept of a p-value The Null Hypothesis, Uniformly Most Powerful Tests, The
Duality of Confidence Intervals and Hypothesis Tests, Generalized Likelihood
Ratio Test, Likelihood Ratio ‘tests for the Multinomial Distribution, Probability
Plots, Tests for Normality.

Summarizing Data: Comparison of Location Estimates, Estimating Variability
of Location Estimates by the Bootstrap, Measures of Dispersion, Box plots,
Exploring Relationship with Scatter plots.

Unit -V: Comparing Two Samples: Introduction, comparing Two Independent
Samples — Methods Based on the Normal distribution, Power, A Nonparametric
Method-the Mann Whitney Test, Bayesian Approach, Comparing Paired
Samples, Methods Based on the Normal Distribution, A Nonparametric Method-
the Signed Rank Test, An Example- Measuring Mercury Levels in Fish.

The analysis of Variance: Introduction, One-way Layout- Normal Theory: the
F Test, The Problem of Multiple comparisons, a Nonparametric Method-The

Kruskal Wallis Test, Two- way Layout. —R’L
’ dort
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techniques from each UNIT (selected

LABWORK: Implcmcntation of any 2-3
| by the instructor) using K.

alysis — John A Rice, CENGAGE

Text Book:
St e and Data An

l. Mathematical Statistics
Learning, Third Edition

Reference Books
|. Robert I Kabacoff, R in Action — Data analysis and graphics with R,
Dreamtech press.
> Wasserman, All of Statistics.

Any other textbook recommended by the instructor.

PROGRAMMING (PYTHON & R)

Course Code: BMA- 589 L-T-P
-T-P-C: 3-0-2-4

Course Learning Outcomes:

On satisfyine th .
tslying the requirements of th
upon ‘ e course and
kﬁm 'lltds succ‘essful completion, students will ha Bloom’s
CLO T Exploir ge/skills/competency to: veif |, Devel
X . . x >
lanp ain  basic principles of Python programmi
it Aﬁpagle and acquire programming skills gramming | Understand
< lculate object-oriented —
_ programmi
M n, inheritance, and pl(laglycrr(l)gsggit;;l?h R
CLO 3 | Downlo(:(lid 11;:1 1e§rllent object-oriented concepts N
- i0ad, nstall and  utili ’
oGl gbrarnes for data analysis thze well-known Python Apply
e - v
- . 1;1;3it.l_ate how to install and configure R Studio
CLO ;Wﬁ epts to develop programs in R s Apply
4, foad and deploy select R- ’
ang . . IV packa
et s}?ql.yS'S and visualization and build ne\%ves fox the. glata Apply
— | sharing and reusability, packages for

SYLLABUS

-1t Fundamentals of
uses, Daty T als of Python Langua
ate es, Variable: ge-1: Introducti :
Xpressions, gé)nditi(\)i:rllables and Assignments, /O Cc)lucuop’ Features, and
al Statements, Loops, Loop Comrolgfratlons, Operators,
’ atements, Functio
, n,

o
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Strings, Lists, Tuples, Sets, Dictionaries with manipulations.

UN.l'l‘—lI: Fundamentals of Python Language-2: OOPs Concepts: Classes,
Objects  Methods, Inheritance, Instances, Constructors, Polymorphism,

Abstraction, and Sets, Encapsulation, Exception Handling, Working with Files,
Regular Expressions, Database Access, Databases, and SQL.

UNIT-III: Python for Data Science: Modules/Packages/ Libraries for Data
Science: Introduction, Installation/ Access/ Importing, Features and Applications
of 1Python, Jupytor, NumPy, SciPy, Matplotlib, Tensor flow, Pytorch, Keras,
Pandas, Scikit-Learn, Seaborn, nltk, plotly, sciply. stats, stats models. tsa.
stattools, SymPy etc.

UNIT-IV: Fundamentals of R Language: Introduction, Features and uses,
Installation of R & R Studio, Identifiers, Constants, Variables, I/O Operations,

Operators, Strings, Data Types & Operations: Vectors, Lists, Matrices, Arrays,
Factors, Data Frames, Conditional structures, Loops, Functions.

UNIT-V: Data Science with R: Introduction, Installation, Features, and
Applications of R packages/Libraries: tidyverse, ggplot2, data.table, tibble, readr,
dataframes, dplyr, tidyr, Shiny, plotly, knitr, mlr3, XGBoost, Caret, Lattices,

ggvis, ggforce, patchwork, Esquisse, Lubridate, mlr, leaflet, rcrawler, Janitor,
modelr, purr, broom, tidymodels, forcats.

LAB WORK: Development and execution of any 3-4 programs from each unit

I, II &IV, using programming concepts and implementation of any 4-5 modules/
Libraries/packages from eaclr of units IIl and V.

Text Books:

1. Michael Urban and Joel Murach, Python Programming, Shroff / Murach
2016.

2. Cotton, R., Learning R: a step-by-step function guide to data Analysis,
First edition, O’Reilly Media Inc.
Reference Books:

1. Mark Lutz, Programming Python, O’Reilly, 4 Edition, 2010.

2. Gardener, M., Beginning R: The Statistical Programming Language,
Wiley, 2017.

Any other textbook recommended by the instructor.
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SEMESTER-IT

TOPOLOGY

L-T-P-C: 3-1-0-4
Course Code: BMA- 582

Course Learning Outcomes:

" m’s
On satisfying the requirements of the courscl{mg BI]JOe(ifel
upon its successful completion, students will hav
knowledge/skills/competency to: '
CLO | Demonst%ate knowledge of the concepts of topological Apply
Spaces, create new topological spaces using subspace
and  quotient  topological spaces and  use
homeomorphisms to understand the structure of
topological spaces,
CLO 2 | Illustrate the concepts of separability and countability, | Understand
axioms in topological Spaces, prove related theorems and

state their applications,

CLO 3 | Define connectedness in a topological Space, and other | Understand
related concepts and prove a section of related theorems,
CLO 4 | Explain the concept of compactness in a topological

space and other related concepts and prove important
theorems,

CLO 5 | Demonstrate an understanding of concepts of Net and
Filters, examine their convergence, dnd prove important

| results,
I \J

SYLLABUS

Understand

Unit I: Fundamentals of Topology: Definition
spaces; Neighborhoods, Limit points, Closure of 3 set
boundary of a set, Open and closed sets, basis and sub basis;
subspace topology, Weak topologies,

topology; countability axioms;
second axioms of countability.

Unit II; Separability & Countability: Se
compictely regular Spaces, Normal spaces, U
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theorem; Urysohn's embedding lemma and Urysohn’s metrization theorem for
second countable spaces.

Unit 111: Connectedness: Connected spaces, generation of connected sets;
component, path component; local connectedness, local path-connectedness.
Unit 1V: Compactness: Compact spaces; limit point compact and sequentially
compact spaces; locally compact spaces; one point compactification; the finite
product of compact spaces, statement of Tychonoff's theorem (Proof of finite
product only).

Unit V: Net & Filters: Net & Filters, Topology and convergence of nets,
Hausdroffnes and nets, Compactness and Nets, Filters and their Convergence.

Text Book:
l. G.F. Simmon, Introduction to Topology and Modern Analysis, McGraw
Hill Book Company, 1963)

Reference Books: _
1. J. Dugundji, Topology, (Allyn and Bacon Inc., 1966)
2. Stephen Willard, General Topology, (Addison-Wesley Publishing
Co.,1970) .
3. Seymour Lipschutz, General Topology, (Schaum’s Outline Series,
McGraw Hill Book
The company, 2004)

Any other textbook recommended by the instructor.
ABSTRACT ALGEBRA

Course Code: BMA- 584 L-T-P-C: 3-1-0-4

Course Learning Outcomes:

On satistying the requirements of the course and upon | Bloom’s
its successful completion, students will have Level
_ | knowledge/skills/competency to:
CLO 1 | Demonstrate an understanding of the concepts of various | Understand/
types of groups and subgroups with their structure and Apply
properties, describe structure maps between the groups,
and illustrate applications of Sylow’s theorems.
CLO 2 | Examine a given set with two binary operations for | Understand/
different types of rings, ideals, and domains by using Apply
relevant axioms, proving related theorems, and

_ ot
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CLO 3 }varIO“S types of polynomial rings, fields,

T‘J}frdu;:
various extensions and analyze them using

theorems.

"CLO 4 | Explain how to build Gal
groups for fields and pol)
confidence in proving imporian

= —
Gzlots Apis

ois groups, compute
lvnomial rings and show
t theorems related w0

Galois groups. _ \
o051 '*:'.' L Brs 8 e T N
CLO 5 | Explain the concepts of solvable groups. and sol‘;a.n R '
by radicals with numerous examples and 1liustz ISITE Ee
applications of Jordan Holder theorem 2nd I8

fundamental theorem of algebra.

SYLLABUS

Unit 1: Group Theory: Brief review of groups, pannmw smn:s. = g
subgroups, quotient groups; isomorphism theorems; Gmu;; smoe; Cisss
theorem, group of symmetries, dibedral groups and thelr elem=nr=rv properess
orbit decomposition: counting formula; class equenon; conssgosnoss for -
groups: Sylow’s theorems (prooﬁ using group achions) Appheznoms of Svilew"s
theorems, conjugacy classes in Snoand An. uuxphur\* of An D= pradmc:
structure theorem for finire abelian groups; invarens of @ Goite shelrn o
(Statcments only). T
Unit 11: Rings: Baswe pn\;\m oS and axanplss of the mzq, oa.‘....,- Snasiom T, |
and field: direct w\\dn\ 13 07 Tings; charaatonstic of a domain: fold of Setoes o
an inegral domain: ming hom\vuaq\hx\n\ @y 1::1::.2:\\, ARl 0T rmes
prime and maximal wdeals, prncipal weal domatn: Buclidesn domem: wrmome
factonzation doman, :
Unit 11 Polynomial Ringst A dre! irw of pohmamiel mings ower @ S
reducible and maducibie poino m‘t\ Gaas™ oo R RAVTHRY af B
ZIN Bisenstain's cnterton. Rr irddaethilie of OZNN] owe Qo of
polinonuals: e felds, Baeasion :z&&\ R iy aiedese and
manseerdenial elmenis, Riomelar haomnm, SIRDEN WRean, solnng
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Umnit V: Solvability: Normal and sobnormal
Holder theorem (statement only); s‘c;}'-.abs‘-'::»
solvability of algebraic cqs«m!ig’na: SYMmCELrnic f':_:;'s::ior:" ruler 2:1::’ COTIpEsSS
constructions, fundamental thayrcrﬁ oflaigzchra- N B ) - -

Text Books:
1. l‘)ummit, 12.S. and Foote, R.M (2003) Abstract Algebra. John Wilery &
Sons. = -
2. Bhattacharya, P.B., Jain, S. K. and Nagpal S. R. (2000) Basic Absuact
Algebra (3rd edition), Cambridge University Press.

Reference Books: .
1. Gallian, J. A_( 1999) Contemporary Abstract Algebra (4th edition), Nzrosz2
Publishing House, New Delhi.
5. Herstein, I. N. (2003) Topics in Algebra (4ih edition), Wilsy Eastzrm
Limited, New Delhi
3. Fraleigh, J. B. (2002) A First Course in Abstract Algebra (£th edition).
Narosa Publishing House, New Delhi.

Any other textbook recommended by the instructor.

MACHINE LEARNING

Course Code: BMA- 586 1L-T-P-C: 3-0-2-=%

Course Learning Outcomes:

) | On satisfying the requirements of the course and Bloom’s
| upon its successful completion, students will have Level

1 knowledge/skﬂ]s/competency to: :
LO 1 | Explain the Bayesian concepts of and design/implement Understand/
NBC & GDA as generative classifiers and Bayesian Apply
| linear and logistic regression as a discriminative model,
CLO 2 | Appreciate the importance of exponential family, Understand/
mixture models, sparse linear models, and kernels in Apply
supervised learning and apply EM, SVMS, kernels. and
Gaussian processes for regression and classification
| tasks, i §
CLO 3 | Discuss the theory of and formulate probabilistic Understand/ [
graphical models: HMM, MRF. and CRF in order to Apply g

solve real-life problems. ]
‘ﬁ@/
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y of perception models Understand/
and implement the | Apply |

|

fﬁié_'llrl?lﬁhtliclnaticnl thcor
1 algorithm

e

TCLO 4 | Tllust :
| and backpropagatiot

| \modcls ’]}‘LLL‘LM.O—? d implement unsupervised Undemji
"CLO S | Explain the theory ol an ) T ction Appl

lud 1malchinc lcarning algorithms: dimensionality redu PPl |
L szd clustering algorithms in Python, ==

SYLLABUS

Unit-1: Introduction, gencrative models for discrc.tc data (Baycsmn concept
learming, Naive Bayes’ classifier), Gaussian discrimmant_ anal‘)’S‘S’ Infcrcnqe N
jointly Gaussian distributions, Bayesian statistics, Bayesian lincar and logistic
regression,

U;lit-ll: General lincar models and exponential family. Mixture models and EM
algorithm, Sparse linear models, Review of SVM, Multiclass SVM, kernels for
building generative models, Multiple kernels, kernels for strings, trees, and
graphs, Gaussian Processes.

Unit-111: Graphical models-DIRECTED Graphical models (Bayesian networks),
Markov and Hidden Markov Models, Markov Random fields, Conditional
Random fields.

Unit-1V: Neural Networks-Perception, MLP, and backpropagation, Methods of
acceleration of convergence of BPA.

Unit-V: Dimensionality Reduction and Cluster Analysis: Factor analysis, Kernel

PCA, Independent Component Analysis, ISOMAP, LLE, feature Selection,
DBSCAN Algorithm, DENCLUE, Spectral clustering

LAB WORK: Implementation of any 2-3 techniques from each UNIT (selected
by the instructor) using Python.

Text Books:

I. Kevin P. Murphy, Machine learning — a Probabilistic Perspective, MIT
Press, 2012

2. Jeeva Jose, Introduction to Machine Learning using Python.

Reference Books:
1. Christopher Bishop, Pattern Recognition and Machine Learning, Springer,
2007
2. Simon Hay kin, Neura] Network — a comprehensive foundation, Pearson
Education-1994
3. Tom Mitchell, Machine Learning — McGraw Hill Science, 1997.

Any other textbook recommended by the instructor.

Q‘Q}& ) Fedoriss
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NUMERICAL OPTIMIZATION

Course Code: BMA- 588 L-T-P-C: 3-0-2-4

Course Learning Outcomes:

On s:l.tisl'ying the requirements of the course and | Bloom’s
upon its successful completion, students will have Level
lfllO\\'lcdgc/skills/competcncy to:
CLO I | formulate univariate and multivariate optimization | Create/Apply
modgls for real-life situations and apply first-order
grafhcnt-bascd methods to solve unconstrained
optimization problems,

CLO 2 Explqin the mostly-studied first-order iterative Understand
algorithms for optimization problems in deep learning,

CLO 3 | discuss the theory of some second-order gradient- | Understand
based optimization methods and apply them to solve | and apply
unconstrained optimization problems,

CLO 4 | cast real-life problems into linear programming | Create and
problems and apply select methods to solve the LPP. Apply

CLO 5 | select and apply some classical algorithms to solve Apply
constrained optimization problems and convex
optimization problems.

SYLLABUS

Unit-1: Background, Dimensional, and multi-dimensional Optimization with
types. Gradient-Based Optimization Methods (I): method of steepest descent,

conjugate gradient method, the generalized reduced gradient method, and

gradient projection method. -
Unit-11: Stochastic gradient method (SGD), SGD with momentum, NAG,

Adagrad, RMS Prop, Adadelta, Adam, Nadm, Adamx,
Unit-111: Gradient-based Optimization Methods (II): Newton-type methods
(Newton’s method, Levenberg- Marquardt’s method), The quasi-Newton

method.
Unit-IV: Lincar Programming: Convex analysis, Simplex method, Two-phase

simplex method, Duality theory, Dual simplex method.
Bl
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imizati : e’s multiplier, The Kuhy.
' i timization Methods: Lagrang .
Unit-V: Constrained Optimization . e techniques, The Motha
iti e tion, Penalty functio
cer conditions, Covex optimization, I toche
chtll\:crinultiplier, and linearly constrained problems-Cutting plane method.
Primal-dual method.

LAB WORK: Implementation of any 2-3 techniques from each UNIT (selected
by the instructor) using MATLAB.

Text Books:

1. M.C. Joshi, K.M. Moudgalya, Optimization: Theory and Practice, Narosa
Publishing House, 2004.

J.A. Snyman, Practical Mathematical Optimization, Springer Sciences,
2005.

Nocedal J, Wright S.J., Numerical Optimization, Springer

. Stephen Boyd, Lieven Vandenberghe, Convex Optimization, Cambridge
University Press.

(]

o

Any other textbook recommended by the instructor.

COMPUTATIONAL STATISTICS

Course Code: BMA- 590 ° L-T-P-C: 3-0-2-4

Course Learning Outcomes:

On satisfying the requirements of the course and

Bloom’s
upon its successful completion, students will have Level
knowledge/skills/competency to:

CLO | | Demonstrate familiarity with various statistical | Understand/
regression and classification algorithms as  the Apply
supervised machine learnin g models and apply them for

| data analysis,

CLO 2 | Analyze the techniques/approaches of the model | Analyze
assessment and selection and the techniques to
pr)event/avoid model overfitting and use the better one
s).

CLO 3 | Select and use some nonparametric statistica] learning | Understand/
models and apply boosting techniques to improve Apply

| models’ predictive accurac and performance,

[CLO 4 | Analyze and apply some well-known supervised | Analyze/ =

& ; 23 90
@Q/ G Prof. ,avrrjn Au%g?

Dean
School of Basic And Appliied Sciences
HBTY, Newabganj, Kanpur 208002




—

learning algorithms: SVM and kernel SVM for | Apply
) regression and classification and KNN classificrs,
CLO 5 | Utilize some Spccil'l'c unsupervised learning techniques: | Apply
kernel PCA and Gaussian mixture models algorithms
e and ensemble techniques for supervised learning,

SYLLABUS

Unit-1: Linear Methods for Regression and Classification: Overview of
supervised learning, Lincar regression models and least squarcs, Multiple
regression, Subset selection, Ridge regression, least angle regression, and Lasso,
Linear Discriminant analysis, Logistic regression.

Unit-11: Model Assessment and Selection: Bias, Variance and model
complexity, Bias-variance trade-off, Optimism of the training error rate, Estimate
of In-sample prediction error, Effective number of parameters, Bayesian
approach and BIC, Cross-validation, Bootstrap methods, conditional or expected
test error. )

Unit-TIT: Additive Models, Trees, and Boosting: Generalized additive models,
Regression and classification trees and random forests, Boosting methods-
exponential loss and AdaBoost, Numerical Optimization via gradient boosting,
Examples (Spam data, California housing, New Zealand fish, Demographic data)

Unit-IV: Support Vector Machines (SYM), and K-nearest Neighbor: Basis
expansion and regularization, kernel smoothing methods, SVM for classification,

Reproducing Kernels, SVM for regression, K-nearest-Neighbor classifiers
(Image Scene Classification)

Unit-V: Unsupervised Learning: Cluster analysis: kernel K-means and EM
algorithms, Markov clustering, Gaussian mixtures, and selection,

LAB WORK: Implementation of any 2-3 techniques from each UNIT (selected
by the instructor) using R.

Texts Books:

1. Trevor Hastie, Robert Tibshirani, Jerome Friedman, The Elements of

Statistical Learning-Data Mining, Inference, and Prediction, Second
Edition, Springer Verlag, 2009.

2. (For lab only) —G. James, D.Witten, T.Hastie, R.Tibshirani-An
introduction to statistical learning with applications in R, Springer, 2013.

Reference Books:

I. C.M. Bishop — Pattern Recognition and Machine Learning, Springer, 2006.

PNV S ‘ Rudor.
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: : instructor.
Any other textbook recommended by the in

. are Aval o ﬂ]inc-
Note: Text 1 and 2 and reference 2 are available o

SEMESTER 111 \
FUNCTIONAL ANALYSIS L:_ .
Course Code: BMA-65] L-T-P-C: 3-1-0-4

Course Learning Outcomes:
—

;’ On satisfying the requirements of the course and upon

|its successfy] completion, students wil] haye

| knowled se/skills/competene to:

CLO 1| Explain the general theory of topological vector space with
'3 Cxamples and other related SpAce structures, state their

j! important Properties and relateq concepts, and have

—Lproficiency in provine related theorems
CLO 2 ; Define the Bajre Category, demonstrate proficiency in
| Proving Bajre’s theorem, Banach-Steinhays theorem, Open
Mapping theorem, and Closed graph theorem, using related
concepts, and €xplain Bilinear mappings and important
ﬁ() 3 | MNustrate various concepts of convexity, weak topologies,
g { compact convex sets, and extreme points and Prove related
!

ff theorems, defipe vector-valued integration and holomorphjc
| functions ang rove rela

)4 | Explain the basic conce

-_\
Apply
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SYLLABUS

g“_“"lf Topological Veetor Spaces: Normed spaces, Topological Vector
Spaces, lnvur‘lum‘c, types of topological Vector Spaces, Separation properties, i
| me‘:n‘ mappings, Finite dimensional Spaces, Metrization, Boundedness, and |
L‘“‘“"_mlty. Bounded lincar transformations, Seminorm, and local continuity,
Quoticnt spaces, Seminom and quotient spaces, The spaces with 0<p<l.

Unit-11: Completeness: Baire Category, Baire's Theorem, Banach- Steinhaus ™
Thcm"cm, The open mapping theorem, The closed graph thcorem, Bilinear /
mappings.

Unit-11; Convexity: The Hahn-Banach theorems, Weak topologies, Compact
convex  sets, Extreme points, The Krein-Milman theorem, Vector-valued
integration, Holomorphic functions.

Unit-1V: Duality in Banach Spaces: The normed dual of a normed space,
Adjoints, Compact opcerators. |

Unit-V: Some Applications: A continuity theorem, closed subspaces of spaces,
The range of a vector-valued measure. A generalized Stone-Weierstrass theorem,
Two interpolation thcorems, A fixed point theorem, Haar measure on compact
groups, and Uncomplemented subspaces.

Reference Books:
1. 1. W. Rudin, Functional Analysis, Tata McGraw-Hill Publishing Company
Ltd.. New Delhi, Chapters 1, 2, 3,4, 5.
2. B.V. Limaye, Functional Analysis, New Age International Ltd. (Second
Edition). .
3.].8. Conway, A course in functional Analysis, GTM 96, Springer-Verlag’
1990.
4. K. Yoshida, Functional Analysis, GTM, 123, Springer-Verlag, 1980
Any other text recommended by the instructor.

Any other textbook recommended by the instructor.

COMPLEX ANALYSIS

Course Code: BMA-653 L-T-P-C: 3-1-0-4

Course Learning Outcomes:

On satisfying the requirements of the course and Bloom’s
upon its successful completion, students will have Level
knowledge/skills/competency to:

Ruta
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Q ped with the unde
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| [ dilferentiation, |{|ILL N
| ' repr sentation of Imlm‘lit ,L "
| fnminpply related theorems i
| Lol tesidues, N
f(‘l (02| Examine the analytict ”
| Lusing C-R equations, lllli‘ll)’l.t

L of Poisson integral, and llustr

ty of complex functions by )
alyze the boundary hehavie
ale the mean vuluc‘

orems for harmonic

| property and rqn‘cscnt:llion (he -
[xamine

L [and holomorphic “!‘.'?$‘.‘i}’!?_:‘.-.., e I(,()IIVLF[,:(«" o
| CLO 3 | Discuss the coneepts ol conu‘)mlncbs ( L
[ the space of analytic functions; apply | un{,‘ § "
| theorem and Mittag-Lefller’s lhcnr'cm (0 approxim
gmml_\'tiq fnctions by rational functions ‘
[llustrate the applications of conformal mappings,
| demonstrate an understanding of other related
concepts, state and prove Jensen’s formula and
concerning theorems; the Riemann mapping theorem,
| Weierstrass factorization theorem, Munz- Szasz

rd..() 4

L |theorem

'CLO 3 | Demonstrate an understanding of the analytic

| continuation of an analytic function along a curve and
its properties; state, prove and use the monodromy

|| theorem and Picard ‘theorem,

Create

SYLLABUS

Unit-I: Elementary Properties of Holomorphic Functions: Complex
differentiation, Integral over the path, The Local Cauchy's theorem, The power
series representation, The open mapping theorem, The global Cauchy's theorem,
The calculus of residues.

Unit-II: Harmonic Functions: The Cauchy-Riemann equations, The Poisson
integral, The mean value property, the Boundary behavior of Poisson integrals,
and the Representation theorems. The Maximum Modulus Principle: The
Schwarz lemma, The Phragmen-Lindelof method, An Interpolation theorem, A
converse of the maximum modulus theorem,

Unit-1l: Compactness, and convergence in the space of analytic functions:
Approximation by rational Functions, Runge's theorem, The Mittag-Leffler
theoremy, Simply connected regions,

Unit-IV: Conformal Mappings: Preservation of angles. Linear fractional
transformations, Normal families, The Ricmann mapping theorem, The class S,
and Continuity at the boundary. Zeros of Holomorphic functions: Infinite
products, The Weierstrass factorization theorem, An Interpolation problem,

"
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SYLLABUS
iational inferen L OeOE
- al models, Varia ce, A
. . e for raphlca R = t d G 3 ev
o Infc;rcn_CCf. Eﬁzft nll\fl-ccr,‘(lz\illé infegrcnce, Learning undirecte aussian 2?\30\"‘
Monte Carlo infcrence, .
i uations, value
graphical models. _ Ltrol-MDP, Bellman eq . N
forcement learning ""d ccouadratic regulation’ LQG, Q-learning .
n. Linear pOMDPs.

Unit-I1; Rein . ;
iterations, and policy, iteratio

i . . . S inforce
Value function approximation Policy search, Re

i Penalties
penalties, Norm
Mot trained Problems,

Unit-TlI: Review of backpropagation,
arameter tor.Cons
nder-CoO )
d T d Learning, and

Regularization for Deep Learning. Paral
as Constrained Optimization, Regularization, an !
. X i- 1S€
Dataset Augmentation, Noise Robustness, Scml.SUPer:i’ parameter Sharing,
Multitask Learning. Early Stopping, Parameter gymg lz)lln Methods Dropout.
S ontati i Other Ensemble oy
Sparse Representations, Bagging, and \prop and Manifold Tangent

Adversarial Training, Tangent Distance. Tangen
Classifier

' : : Pure
Optimization for Training Deep Models: How Learning Differs fromithms
Optimization, Challenges in Neural Network Optimization, Basic A- gOIR tes’
Parameter Initialization Strategies, Algorithms with Adaptive .Learnlng I\/? t ’
Approximate Second-order Methods, Optimization Strategies, and Meta-
e Convolution Operation, Motivation,

Unit-IV: Convolutional Networks: Th :
Pooling, convolution, and Pooling as an infinitely strong prior, Variants Of_the
Efficient

Basic Convolution Function, Structured Outputs Data Types, Blcl
convolution Algorithms, Random or Unsupervised Features, The Neuroscientific
Basis for Convolutional Networks, Convolutional Networks and the History of

Algorithms.

Deep Learning.

Sequence Modeling: Recurrent and Recursive Nets: Unfolding Computational
Graphs, Recurrent Neural Networks, Bidirectional RNNs, Encoder-Decoder
Sequence-to-Sequence Architectures, Deep Recurrent Networks, Recursive
Neural Networks, The Challenge of Long-Term Dependencies, Echo State
Networks, Leaky Units and Other Strategics for Multiple Time Scales, The Long
Short-Term Memory and Other Gated RNNs, Optimization for Long-Term

Dependencies, Explicit Memory.
Unit-V: Practical Methodology: Performance Metrics, Default Baseline
Models, Determining Whether to Gather More Data, Selecting Hyperparameters,

Debugging Strategies, Example-Multi-Digit Number Recognition.

Linear Factor Models: Slow Feature Analysis, Sparse Coding,
Autoencoders: Under complete Autoencoders, Regularized Autoencoders,

Representational Power, Layer Size and Depth, Stochastic Encoders and
Decoders, Denoising Autoencoders, Learning Manifolds with Autoencoders,

Contractive Autoencoders, Predictive Sparse Decomposition, Applications of
% ang‘/w*' Fuforr
W 7 R A
‘y yier? liied Sciences
| of Basic And Applhiec SC!
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Autoencoders,
Deep  Generative \!ndtk
Machines, Deep Belief Netw orks

Boltzmann  Machines, Restricted  Boltzmann

[ \B \\ "11 SEEYeT
()R"\ in Sementation of any 23 ﬂapnt‘]m\ from cach UNIT {selected

3\\ ing mstructor ) usin o P\lhﬂ‘n

T(‘\t Books
lan Goodfellow, YashuaBe cngio, and Aaron Courville, Deep Learning, The

\”T P"C\\ I']h
<. Kevin P Murphy, Machine Leaning-a probabilistic prospective MIT

Press, 2012
3. Tom Mutchel, Machine Learning, McGraw Hill,

textbook recommended by the instructor.

~

:\ﬂ_\ otner

PEC-1: COMPUTER VISION
Course Code: B.\i:\-big L-T-P-C: 3-0-2-4

Course Learning Qutcomes:

| On satisfying the requirements of the course and upon | Bloom’s
Level

| its successful completion, students will have

| kno“ledoe/skllls/competencv to:
Demonstrate an understanding of the fundamentals of the | Create

|CLO1 |

s ' image formation process and other related concepts as

, 1 well as models

[CLO2 | Apprecnate and implement different fundamental image Apply
; | processing algorithms/ techniques for computer vision.

' CLO 3 | Demonstrate an understanding of image descriptors and Create

j feature descriptors and implement the same to extract

factures from image data.
CLO 4 Apply machine learning algorithms to process images in Apply

order to derive meaningful information and make

appropriate recommendations.
CLO 5 | Develop real-world applications of interest using Create
computer vision techniques using the experience gained

e ——————

from the implementation of popular computer vision

applications.

27 Q,,&} W /‘_2‘6{9;
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f Image Formatig,,

ter Vision: B o
ansformation, Geometric Camer,

Geometri nsforma
from a Serics of Projections:

" -
B Unit 1: [ntroduction 10 Compu
ation. Radiometry,

l'{cconstruction
essing, Image Co“"“"

cepts: Fundamentals of Image Proc :
Processing, Mathematical
CQ\\'

Image
criptors, Colour Featurcs, <

Image Form
Modecls, Image
Unit 2: Image Processing Con
Transforms, lmage Filtering, Colour
Morphology, Image Segmentation.

atures: Texture Des

Unit 3: Image Descriptors and Fe
d Shape chresenta
| Gradients, Scal

Edge Detection, Object Boundary an

Point Detectors, Histogram of Orientec

Transform, Speeded up Robust Features, Saliency.

Unit 4: Machinc Learning Algorithm for Computer Vision: Statistical

Machine Learning Algorithms for different Computer Vision applications,

Sclipervfsed and unsupervised learning, Gaussian Classifier, Parameter Estimation,
ustering for Knowledge Répresentation, Dimension Reduction, Artificial and

Deep Networks for Computer Vision applications.
Medical Image Se gmentation, Motion

El:lf 5: _Application of Computer Vision:
stimat j i .
ation, Object Tracking, Face and Facial Expression Recognition, Image

Fusion, Gesture Recognition.

tions, Interest or Corners
e Invariant Feature

LAB WORK: ;
: Implementation of any 2-3 algorithms from each UNIT (selected

by the instructor) using Python.

Text Books:
1. Fo
rsyth and Pence, Computer Vision (A Modern Approach), Pearson

Education, 2015
2. M.K.Bh isi
uyan, Computer Vision and Image Processing — Fundamentals and

?pplications, CRC Press, USA
. J . ’ .
an Erik Solen, Programming Computer Vision Python, O’Reilly

Any other textbook recommended by the instructor

Q\&y&) 25])’&113;;(;11_
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SEMESTER IV

DIFFERENTIAL EQUATIONS

Course Code: BMA-652 L-T-P-C: 3-1-0-4
Course Learning Outcomes:

On satisfying the requirements of the course and

‘ Bloom’s
upon its successful completion, students will have Level
knowledge/skills/competency to:

\CLO 1 \Shpw proficiency in examining the existence and Evaluate
uniqueness of solutions to I'VPs,

CLO 2 | Demonstrate expertise in the analysis of and methods Apply

to solve non-linear differential equations and in
examining the stability of linear and non-linear
systems of ODEs,

\CLO 3 \Explain how the analytical solutions to ODE-BVPs are Apply
obtained by different methods,

FLO 4 \Formulate and solve PDE-BVPs involving the Laplace Create
equation,
F:Lo 5

Demonstrate understanding of different methods to Create
solve the wave equation-a parabolic PDE.

SYLLABUS

Unit-I: Existence and uniqueness of solutions: Lipschitz condition, Gronwall
inequality, successive approximation, Picard's theorem, continuation and
dependence on initial conditions, Existence of solutions in the large systems,
Existence and uniqueness of solutions of systems, Fixed point method, Systems
of linear differential equations: nth order equation as a first order System, System
of first-order equations, Existence and uniqueness theorem, fundamental matrix,
Non-homogeneous linear systems, Linear Equations with constant coefficients

Unit-11: Non-linear Differential Equations: Existence theorem, Extremal
solutions, Upper and lower solutions, Monotone iterative method and method of
quasi linearization, Stability of Linear and Nonlinear systems: Critical points,
System of equations with constant coefficients, Linear equations with constant
coefficients, Lyapunov stability.

Unit-11I: Boundary value problem for ordinary differential equations:

Sturm-Liouville problem, Eigenvalue, and Eigen functions, Expansion in Eigen

functions, Green's function, Picard's theorem for Boundary valuc problems.

Series solution of Legendre and Bessel equations.
Rudoor
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; ' for Laplace's ¢qya.
Unit-IV: The Laplace equation: Boundary X;:lducmcan va[;uc forrtr:]l:lf-l\h“" T
fundamental solution, Integral rcprcsc'nlil“o“l ‘.,u; equation, Solution (;f 6 \
harmonic functions, Green's function for l,zlP'aLL‘f‘vuriablcs. e \k
Dirichlet problem for a ball, solution by scparation o
Unit-V; The wave equation: solution by the mclh'()d ol .ch):”\:,tﬂizz 22;:{:;??’
D'Alembert solution of the wave equation, Solution ol therwe d

Fourier transform method. IT (s
L Fat pac selecte
LAB WORK: Implementation of any 2-3 algorithms from ¢ ich UNIT ( ed

by the instructor) using MATLAB/MAPPLE.

Text Books: i
l. Earl A. Coddington, Norman Levinson, The Theory of ordinary
Differential Equations . : i
2. J. Sinha Roy, S, Padhy, ACourse on Ordinary and Partial Differential
Equations,
Kalyani Publishers,
- Tyn Mint-U, Lokenath Debnath, Linear Partial Differential Equations for
Scientists and Engineers, Fourth Edition, Birkhauser.

4. Lawrence Evans, Partial Differential Equations, Second Edition, Graduate
Studies in
Mathematics, AMS.

5. S. D. Deo, V. Lakshmikantham and V. Raghavendra: Text Book of
Ordinary Differential Equations, Second Edition, Tata McGraw-Hill
Publishing Company Ltd., New Delhi, Chapters 4(4.1-4.7),5,6(6.1-
6.5),7(7.5),9(9.1-9.5).

(U8

Any other textbook recommended by the instructor.

BIG DATA ANALYTICS
Course Code: BMA-654 L-T-P-C: 3-0-2-4

Course Learning Outcomes:

On satisfying the requirements of the course Bloom’s Level
and upon its successful completion, students
will have knowledge/skills/competency to:

CLO 1 | Understand Big Data and its analytics in the real Examine
| world '
CLO 2 | Analyze the Big Data framework like Hadoop and Apply

\P
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NOSQL to efficiently store and process Big Data |
110 generate analytics

'CLO 3 | Desien of .

' CLO3 | Ecsxén of Al'gonthms to solve Data-Intensive Create
;7‘6[‘() Lﬂ Drof?[cms__usmg the Map Reduce Paradigm

: ' Design and Implementation of Big Data Analytics | Create

|
| . . |
| using pig and spark to solve data-intensive 5
"_(1( ) éproblems and. generate analytics ji
: ) 5 | Implement Big Data Activities using Hive | Apply

SYLLABUS

Unit-I: Essentials of Big Data and Analytics: Data, Characteristics of data and

Types of digital data, Sources of data, Working with unstructured data, Evolution,
ata, Challenges of

ar}d Definition of big data, Characteristics and Need of big d
big data; Overview of business intelligence, Data Science and Analytics,

Meaning and Characteristics of big data analytics, Need of big data analytics,
Classification of analytics, Challenges to big data analytics, Importance of big

data analytics, Basic terminologies in the big data environment.

Unit-11: Hadoop: Introducing Hadoop, Need of Hadoop, limitations of RDBMS,

RDBMS versus Hadoop, Distributed computing challenges, History of Hadoop,
Hadoop overview, Use case of Hadoop, Hadoop distributors, HDFS (Hadoop
Distributed File System), Processing data with Hadoop, Managing resources and
applications with Hadoop YARN (Yet Another Resource Negotiator), Interacting

with Hadoop Ecosystem.
Unit-I1I: Mapreduce Programming: Introduction, Mapper, Reducer,
Combiner, Partitioner, Searching, Sorting, Compression, Real-time applications
using MapReduce, Data serialization, and Working with common serialization

formats, Big data serialization formats.

Unit-1V: HIVE: Introduction to Hive, Hive architecture, Hive data types, Hive

file format, Hive Query Language (HQL), User-Defined Function (UDF) in Hive;

Unit=V: PIG: The anatomy of Pig, Pig on Hadoop, Pig Philosophy, Use case for

Pig; ETL Processing, Pig Latin overview, Data types in Pig, Running Pig,

Execution modes of Pig, HDFS commands, Relational operators, Piggy Bank,
Word count example using Pig.
LAB WORK: Implementation o
by the instructor) using Python.

fany 2-3 algorithms from each UNIT (selected

Text Book:
1. Seema Acharya, Subhashini Chellappan, “Big Data Analytics”, 1st

Edition, Wiley, 2015.
3':\7}’. .y /'R;:-?F/{l
S ~ / 7 Pro?.'ﬁogm Kutar

@@/ ean
\v School of Basic And Applited Sciences
“aTil Nawabaani, Kanpur 20 002



Reference Books:

(3]

Smith, Alexey yakubovich, “Professional

Boris Lubinsky. Kevin t. m 03 |
Hadoop Solutions™, Ist Edlttlo:l, W&Onﬁcigtandmg Big data”, Indian
Chris Eaton, Dirk Deroos ¢t. al.,
Edition, McGraw Hill, 2015.
Tom White, “HADOOP: The De
2012.

Vignesh Prajapati,
Packet Publishing Limited, 2013

finitive Guide”, 3r_d Edition, O Reilly,

“Big Data Analytics with R and Hadoop”, 1st Edition,

PEC-11: NATURAL LANGUAGE PROCESSING
L-T-P-C: 3-0-2-4

Course Code: BMA-656

Course Learning Outcomes:

Bloom’s

On satisfying the requirements of the course and
Level

upon its successful completion, students will have
knowledge/skills/competency to:

CLO 1 | Comprehend the key concepts of NLP and identify the / Recall /

NLP challenges and issues.

different languages.

CLO 2 | Develop language modeling for various corpora across / Create /

CLO 3 | Illustrate computational methods to understand the / Apply ]

llanguage phenomenon of word sense disambiguation.

CLO 4 Design and develop applications for text or information

Create
extraction/summarization/classification.

CLO 5 | Apply different machine learning techniques for

translating a source to the target language(s).

Vel
ppy7

SYLLABUS

Unit-I: Introduction to NLP: History and introduction of NLP, Advantages of
NLP, Disadvantages of NLP, Components of NLP, Applications of NLP. How to
build an NLP pipeline? Phases of NLP, NLP APIs, NLP Libraries.

g Ribr
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f: Language Modeling and Part of Speech Tagging: Unigaen {
. Bigram, Trigram, N-gram. Advanced smnatsmg A
g fac language el

_m;cai E’-’mpﬁriarm of Smoothing Technigues, Applcatves of |

. Irmg,, ;:caamrai [ anguage Generation, Paﬁ.}éf‘ﬁ; | r:h:r& ; L_armz_g

ed Entity Recognition. ek Taggmg Marghalogy.

_:lll: “fords zpd Word Forms: Bag of words. skig-gram, Contomnus Bag-
m@@, !:mbeddmg representations for words, Lenical Seramrics. h~r‘ Sene
ambiguation. Knowledge-Based and  Supervised  Word o
ambiguation. o
mit-1V: Text Analysis, Summarization. and Extraction: Sentameat Mome
ext Classification. Information Extraction, Named Eatity Recogeton. Reiation
xtraction, Question Answering in Multilingmal Setiisg: NLP = Isformaton
ricval, Cross-Linguzl IR

Unit-V: Machine Translation (MT): Nezd of b
B of Machine Translations, Machine Translations
E Translations, Rule-Based Machine Transletion, Keow
 Statistical Machine, Translation (SMT), Pezmes jezrnme
models) using EM, Fncoder-decoder archilzclioe, Newrz] Mzchine Trassizios.

fedge-Based MT Sysizm
i SMT (IBM

LAB WORK: [mplementation of 20Y 2-3 zlgorithms from cach UNTT (szlecit

by the instructor) using Pyihon.

Text Books: ' ) I
{, Speech znd [ znguage Processinz An Imménctwﬁ to Natmzl Lznz28
Processing, Computztionzl Lingmistics, 22 Speech
- " T A ( }\'
2. Recognition Jurafsky, Devid, 2nd Jemes H ){zﬂ;o P:‘:?RSO~
Foundations of Statistical Nzturzl Lznguzgs Processing.  METEE
Cambridge, Ma: MIT Press

Christopher D-; and Hinrich Schutze;
3, Natural Language Understznding, James Allen. The Benjzmin (o
Publishing Compeny 1nc.

i yith
4, Natural Language Processing il
\atural Language Toolkit Steven Bird, Ewan ;

Any other textbook rccommefxded by the instructor-




PROGRAM LEARNING OUTCOMLES

After successful completion of the
Program at H.B.T.U., Kanpur,

M.Sc. (Mnthcmu.lws z‘lfn:l'l.):m.. Sc'cncc)
students will be able to:

i Disci’hlfnc Attain prolbund c?plcrtlslc ,'n the
Knowledge - interdisciplinary ficld 0 V.V.O y arcas of
mathematics and data science.

PLOl |

{ af »Q = » ‘* in y r al.
Problem Analysis | Aware of the process of und({standdé C”d
world problems and users” needs  an
proposing solutions to mect those nceds.

Analytical & Display strong analytical, Jogical and crit{'cal
thinking skills to justify his/her strategies,

Logical Thinking actions, and decisions.

Design/Development | Attain hands-on experience in deve]op.ing
of Solutions data strategy, visualizing data, employlflg
data engineering, performing data analysis,

formulating mathematical models,

performing model validation, and choosing
the best one.

Modern Tool Usage | Use appropriate software to solve real-life

problems and apply programming/coding
concepts of Python, R, and MATLAB to
various scientific  investigations, data

analysis, problem- solving and
interpretations
Enlightened Aware to become an enlightened citizen with
Citizenship a commitment  to  deliver one’s
responsibilities within the scope of bestowed
rights and privileges.
PLO7 Environment & Attain  a  deep  understanding  of
Sustainability environmental and sustainability concepts,

identify relevant problems, manage them and
find their potential solutions

PLOS Ethics Demonstrate and maintaiq the highest
[ / standards of professional ethics in teaching,

«waau
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PLO9 | Individual & Team

resea
rch, and other career activities

Formulate an inspiring vi
bu”d‘:i‘;;ni%l}zgi:;n}{f 1VlSi0n" set direction,
otivate vho can help achieve the vision,
o ate and inspire team members to engage
lt.h the vision, and use management skills to
guide people to the right destination in a

Communicate the result of the problem
undertaken inwardly to colleagues and/or
outwardly with important stakeholders.

habit ~ of self-learning
throughout life through self-paced and self-
directed leaming/professional practice.

Work
| smooth and efficient way.
PLO10 Scientific
Communication
PLOI1 | Life Long Learning |Inculcate the
PLO12 Research Skills

PLO13 | Career Opportunities

their field of study to serve in academia as

private sectors.

Demonstrate ability t0 conduct high-quality
research with the applications of fundamental
ethical principles to research activities.

Attain a deep understanding of mathematical
and data science concepts  with their
applications, and demonstrate excellence in

as data scientists,
in the public and

Professors, in industries
and as data engineers,

v 22
& W ol RamAu
De

an
school of Basic And Appliied Sciences
HBTU, Newsbgan, Kanput 20




o the course and upgp fs
e pem ety )

ing the rcqulf‘ ‘;’dc"“ will have

o, S

{1( ly .
wful COMPIEE™ oy to:
s""c‘ssm,. skills/coml"“"cy

. ’ 0 \
using different
L orld problems USING Mathemas.
01 /\1'1'13/7/;";:11(1 solve red” aches e
s ,ld‘compumtional appro |
dl

. , alyze mathemat;
PSO 2 | Formulate paramemzed, solve and analy. Matica] p, odep 3

real-life problems.
PSO 3 /

Develop the ability to build and assess data-based mode]s

PSO Te competent in industry-relevant data-based Ianguages inclyd;
ng R’

Python, and MATLAB

PSO 5 Demonstrate skills in data analytics, machj

e ne learning
computer vision, and natural prog ’

ramming languages eep learm’ng

PSO ¢ Analyze small and large-scale dat;
computational approaches
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