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PROGRAMME PREREQUISITES

To stédy. this program, a student must have completed an undergraduate degree with
Mathematics/Statistics as a core / allied subiect (8).

PROGRAMME QUTCOMES (POs)

Siudents wfch a degree in M.Sc. (Statistics) should have lmowledge of different conoepts
mndamentals and a deep understanding of Statistics and the ability to apply this knowledge in
various ficlds of economy, industry, science, social science, ete. They may pursue their future
career in the field of Data Science, Data Analytics, Research, and Statistical Services in both
public and private sectors as Data Scientists, Risk analysts, Business analysts, Researchers,
Academics, IS5, Research officers in the banking & financial sector,

Extensive knowledge of Statistical Software, namely Microsoft Excel SPSS, R Python
Tableau, Power BI, etc., is imparted in this program that will be helpful for their professional
aspects
PROGRAMME SPECE‘?‘EC OQUTCOMES (PSQOs)

After completing M.Se, (Statistics), the student shall be

e Able to apply different concepts, principles and methodologies of Statistics,

¢ Able to use appropriate statistical tools for decision-making.

e« Able to compete in administrative servicss lke Indian Statistical Services (ISS),'Civil
Services Examination, RBI Grade-B, State PSC Examination, stc.

= Able to use Statistics for identifying and solving real-life problems related to industry,
science, etc.

¢ Able to'use computational techniques and statistical software, including programming
languages like R, Python, étc., for statistical computation.,

e Ableto appreciate and use appropriate statistical skills in interdisciplinary areas iike
health, finance, insurance, business, agriculture, government, industry, IT,
epidemiology etc. ' : '

» Able to compete with industrial/private sector demand in the field of data analysis,
markeﬁng survey, etc., professionally and pursue their future career in the field of
Statistics.

s Able to develop orlgmai critical thinking for identifving new prob}ems and providing

relevant sohstions.




COURSE STRUCTURE

- M.S¢. (STATISTICS)
SEMESTERI
COURSE L NAME OF THE COURSE CREDITS
NO. o
STAT401 Mathematical Analysis ' : 4
RTATAZ "~ |Advanced Staﬁstical Methods for Data Analysis _ 4
STAT403 Advanced Sampling Techuiques . "—‘
STATA04 - Advanced Probability Theory B T
STAT405 T.ab based on theoty papers and MS Excel b4
TOTAL CREDITS T | . 20
SEMESTER I
COURSE | NAME OF THE COURSE - CREDITS
NG, :
STAT406 - |Advanced Statistical Inference olfed 4
STATA07 _ |Advanced Multivariate Analysis stloT - 4
STATL08 ‘IStatistical Quality Control and Reliahility oclps 4
STAT405 Regression Analysis and Econometrics 7 4
. 0gfo3
STAT410 Lab based on theory, papers and SPSS 4
TOTAL CREDITS - ' 20




(FOR COURSE WORK + RESEARCH MODE)

SEMESTER TII
COURSE NAME OF THE COURSE CREDITS
NG, :
STATS01 Decision Theory and Bayesian Inference 4
CSTATS02 Design of Experiments - 4
 STAT515 - |[Lab based on theory papers and R 2
(STAT516  [Research Project and Dissertation 10%
TOTAL CREDITS | 10
~ (* Tobe-evaluated in TV semester)
"SEMESTERIVY - , ' :
COURSE NAME OF THE COURSE CREDITS
NO.
STAT508 Computer Intensive Statistical Methods g I 05 4
STATS09 Statistical Machine Learning and Data Mining aylof 4
STATS517 I.ab based on theory papers and Scftware 2
STATS516 /4  Research Project and Dissertation | 10%+10%
TOTAL CREDITS | 30




‘Structure of One-year PG Progmm {Coursework + Research mode)

OR {Coursework mode)

SEMESTER I _ - _ ‘
COURSE NAME OF THE COURSE CREDITS
1 NO. | _ '
STATS01 Decision Theory and Bayesian Inference -4
STATS0Z  [Design of Experiments | | 4
SIATSOS o 'Qpefation Rescarch | 4
STAT504  [Health Statistics and Clinical Trials
IOR _ | OR |
STATS05 Official Statistics and Population Studies 4
OR R OR
STAT506 Survival Analysis :
STAT307. - ILab based on theory papers and R , 4
TOTAL CREDITS : : 20
SEMESTER I
- COURSE. - NAME OF THE COURSE : ' CREDITS
NG, '
STATS08 Computer Intensive Statistical Methods 4
 ISTATS09 Statistical Machine Learning and Data Mining 4
STATS10 Data Analysis Using Tableau and Power BI 4
STATS11 . [Time Series Analysis’ 4
OR OR
STATS12 [Financial Statistics
OR OR
STATS13 - |Actuarial Statistics
STATS14 Lab based on theory papers and Software _ 4
TOTAL ‘CREDITS _ 20




(FOR COURSE WORK + RESEARCH MODE)

SEMESTERI

COURSE NAME OF THE COURSE CREDITS
STA?.‘;((;.I Decision Theory and Bayesian Infere_nce 4
STATSO?. " Design of Experiments o 4
STAT515  |Lab based on theory papers and R 2
STATSrl(S C Reéear_ch Project and Dissertation 0%
TOTAL CREDITS 10
(* To be evaluated in II semester)

SEMESTER I

COURSE NAME OF THE COURSE CREDITS
NG, ' -
STATS08 Computer Intensive Statistical Methods 4
STATS09 ] Statistical Machiﬁe FLearning and Data Mining 4
STATSL7 i.ab based on theory papers and Software 2
- BTATS516 Research Project and Dissertation TO%4+10%

TOTAL CREDITS 36

o Crédit means the number ofhours of instruction required per week over the duration of a semester.
A four-credit course in a semester means four one-hour instructions per week, with each one-hour
~ instruction counted as one credit. .
e  Maximum 40% courses in a given semester shall be earmarked as MOQCs on the Swayam
platform if available as MOOCs,




M.Se. SYLLABUS DESCRIPTION

SEMESTER I
STAT401: MATHEMATICAL ANALYSIS 4 CREDITS

Course Objectives: This course covers the fundamentals of Numerical Analysis, Linear Algebra, Real
Analysis and Complex Analy51s It focuses on the util 1ty of abstract concepts and teaeheb an
under s[andmg and ¢onstritclion of proofs. '

Course Speeific Oulcomes:

s Undesstand the concept of sequence and series of real numbers, and establish their convergence
and divergence.

¢ Determine the hrmt and continuity of functions defined on subsets of the reai hne

e Recogrize the dszerence betwean pomt—w1se and uniform’ convurgence of 8 sequence Of S

functions
& Use the definitions of vector space and related things and determine the orthogonal basis.
¢ To understand the linear transformatmn and its matrix epresentation

s  Tounderstand the concept of numerical differentiation and numerical 111tegrat10n and o get the
solution of ordinary differential equations.

+ - To understand the concept of analytic function and the implications of various theorems.
s To solve complex integrals and calculus problems,

UNET I: Vector spaces, subspaces, linear dependence, basis, dimension, algebra of linear
transformations. Algebra of matrices, rank and determinant of mafrices, linear equations. Eigenvalues
and eigenvectors, Cayley-Hamilton theorem, Matrix representation of linear transformations. Change
" of basis, canonical forms, diagonal forms, triangular forms, Jordan forms. Inner product spaces,
orthonormal basis.

UNIT II: Numerical éolutions of algebraic equations, Method of iteration and Newton-Raphson
method, Finite differences, Lagrange, Hermite and spline interpolation, Numerical differentiation and
integration, Numerical solutions of ODEs using Picard, Euler, modified Euler and Runge-Kutta
methods.

- UNLT TII: Complex Analysis: Algebra of complex numbers, the complex plane, polynomnials, power
series, transcendental functions such as exponential, trigonometric and hyperbolic functions, Analytic
functions, Cauchy-Riemann equations. Contour integral, Cauchy’s theorem, Cauchy s integral formula,
Liouville’s theorem, Maxmum modulus principle, Schwartz lernma.

UNIT IV: Blementary set theory, basic operations, finite, countable and uncountable sets, Real number
system as complete ordered field, Archimedean property, Sequences and series, convergence, limit
supremur, hmlt mﬁmum iayior series, Laurent series.

UNIT V: Boizano We;erstmss theorem, Heine-Borel theorem Contmulty, uniform continuity,
differentiability, mean value theorem. Sequences and series of functions, uniform convergence.
Riemann sums and Riemann integral.

References

Apostol, T. M. (1985): Mathematical Analysis. Narosa, indian Ed.




Bradie, B. (Z006): A Friendly Infroduction to Numerical Analysis. Pearson Education, India.
Burden, R. L., & Faires, J. D. (2015} Numerical Analysis (10th ed.). Cengage Learning.
Courant, R., & John, F. (1998): Introduction to Calculus and Analysis (Vol. 1, reprint). Wiley.

Gerald, €. F., & Wheatlsy, P, O. (2007); Applied Numerical Analysis (7th ed.). Pearson Education,
india (Archwe org). '

Had‘ey, G (1987) Lmear Alcebra Nzrosa Publishing House, New De]hi

Hilderbrand, F. B. (]987}. Introduction to Nugnerical Analysis {2nd ed.). Tata McGraw Hill.

Lay, David C. (2021): Linear Algebra and its Applications (6th ed.). Pearson (Archive.org).

- Miller, K: 8. (1'957) Advanced Real Caleulus, Harper New York |

Rao, A R., & Bhunasankaram P. (2000): Linear Algebra (2nd ed.). Tata McGraw Hill, New Dethi.

Sasrry_, S. S. (2012} Inn‘oduct_ory %eihods of Numencal Analysis (5th ed.). Prentice Hall of India Pvt
Ltd., New Delhi (Archive.org).

Saxena, H. < (2005); Finite Differences and Numerical Analysis (15th Rev. ed.). S. Chand and Co.,
Nesw Delhi.

Scatbm ough J B (1966) MNumerical Mathemahcal Anaiysm (6Lh ed.). Oxford and IBH

Searle, 8. R. (1982): Matrix Algebra Useful for Statistics. John Wil ey & Sons, New York.
Singh, B. M. (2008): Introductory Linear Algebra. South Asian Publishers Pvt. Lid:, New Deihi.
Sundarmajanﬁ D. (2019): Numerical Linear Algebra and Applications. Elsevier. |
Trefethen, L. N., & Bau, D. (2022): Numerical Linear Algebra (2nd ed.). STAM,

STAT402: ADVANCED STATISTICAL METHODS FOR DATA ANALYSIS 4 CREDITS

Course Objectives: The objective of the course is to impart necessary knowledge about theoretical
aspects of various Statistical tools and techniques to students from different undergraduate programmes.
Starting with the basic technigues of collection, tabulation, and graphical representation, the course

infroduces students to basic methods of data analysis, elementary probability distributions, and testing - .

of hypotheses.
Course Specific Outcomes: After culmination of this course, a student shall be:
e Able fo analyse, present and interpret the data.

o Able to describe data with the perspective of both univariate and bivariate probability
dlstr;budons

e Able to understand concepts like correlation, sampling distribution, etc., their utility and
significance.

¢ Able to test the statistical hypéthesis using Parametric and non-parametric tests.

UNET L Data .types, scale of measurement, creating and managing datasets, Summarizing data:
Frequency and probability distributions, measures of central tendency, measures of dispersion,
skewness and kurtosis. Visualizing data: Histogram, bar chart, pie chart, stem and leaf display, scatter
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plot, box and whisker plot. Correlation coefficient, Partial and multiple correlation and rank correlation.
Bivariate distributions, Marginal and C_onditional distributions.

UNIT IL: Concépt_of ‘discrete and continuous random variables. Standard discrete and cortinuous
distributions: Bernoulli, Binomial, Poisson, Geomefric, Negative Binomial, Hypergeometric,
RMultinomial, Uniform, Nogmal, Exponential, Gamma, Beta, Cauchy Distribution.

UNIT 115 ‘Concept of random sample from a distribution, parameter, statistic and standard error.
Sampling distributions of sample mean, sample variance, t, chi-square and F (Central and Non-ceniral)
(elementary properties only)

UNYT IV: Basics of testing of hypothesis; Nuli and alternative hypotheses, critical region, type:l errot,
type-Hl error, power-of the test, level of significance, concept of p-value. Parametric tests: Testing the
mean, proportion, and variance of a single population, testing the differences in means and proportions
of two-independent populations. Small sample tests: t, F and chi-square tests for one and two
;nuependen’[/dependent populations, concept of location and scale.

UNIT V: Non—paramemc test; one-sample sign test, run test for randommness, Wilcoxon rank sum test
{or -Mann-Whitney -test), Wilcoxon signed-rank test, chi-squared. goodness<oi-fit test, contingency - -
analysis: chi-square test of independence.

References

Agresti, A., Franklin, C. and K]mgenberg,B {2018): Statistics: The Art and Sclence of Learning from
data, Fourth Editien, Pearson.

Goon, AM Gupta MR and Dasgwta B. (2013} Pundamentals of Statlsncs Vol I, World Press,
Kolkata .
Goon, AM Gupta M.K. and Dasgupte, B. (2011): Fundamentals of Statistics, Vol II, World Press,
- Kolkata

Hogg. R. V., Tanis, E and Zimmerman, D. (2014): Probability and Statistical Inference, Ninth Edition,

Pearson.

Mood, AM, Grayblll F.A. and Boes D.C. {(20617): Introduction to the Theory of Statistics, Third
Edition, McGraw-Hill

Miller, L. and Miller, M. (2013): John E. Freund's Mathematical Statistics with Appliéaﬁons, {8th Edn),
Pearson Fducation, Asia,

STAT403: ADVANCED SAMPLING TECHNIQUES ' ‘ 4 CREDITS

Course Objectives: The objective of the course is to define the concepts of population under study, the
sampling frame. The emphasis of the course is to study various sampling methods, methods for
determining sample size and compiling information, and the apphcatlons of sampling techniques in
various disciplines.

Course- spemﬁc ountcomes: After the study of this course, the students will

# Be abie to know the populatlon sample and sampling frame.

s Understand the knowledge of adopting a suitable sampling plan in different situations.




¢ Learn to develop statistical inferences about the populiation,

¢ Be capable of determining the appropriate required sample size from the peopulation under
study. -

UNIT I: Review of Fundamental Probability Sampling Designs: Simple: Random Sampling

~ (SRSWR/WOR), Stratified Random Sampling, Ratio method of estimation, Combined and Separate

ratio estimator, Bias of ratio estimator, comparison with SRS, Regression method of estimation, Cluster

" sampling, two stage sampling with equal and unequal clusters, Two phase sampling, systematic
sampling.

UNIT H4: Unequal probability sampling: PPSWR/WOR methods (including Cumulative Total and

Lahiri's scheme) and related estimators of a finite population mean, Hansen-Hurwitz and Dest a
estimators for general sample size and Murthy's estimator for a sample of size 2. '

UNIT 13 Hbriritz -Thompson ¢ esﬁmator its variance and unbiased estimafor of, vériance IPPS schemes .« ... -

of samphng due to Midzuno-Sen, Rao-Har Lley—Cechran and S&mphord their estimators and variances,
comparlson with SKS.

UNIT IV: Introduction to the Jacklmife and Bootstrap: estimate of bias, estimate of variance. Ratio
Estimation in reference to Jackknife and bootstraps, Refationship between the jackknife and the
bootstrap estimator.

UNIT, Ve, In‘terpenetratmg sub-sampling, Non-sampling errors. Randomized Response fechniques
(Warner's method: related and unrelated questionnatre methods). Small Area estimation and devel oping
small domain statistics (basic concepts). Super population modelling (basic concept).

References

Chaudhuri, A. and Muker}ee R. (1988) Randomized Response Theory and Techniques, New York:
- Marcel Dekker Inc. - =

Cochran, W.G.: Sampling Techniques (3rd Edition, 1977). Wiley (Indian Edition).

Des Raj and Chanddk (1998): Sampling Theory, Narosa. |

Gray, H.L,, aﬁd Schucany (1972): The generalized jackknife statistic. New York. Marcel Dekker, Inc.
Mukhopadhyay, P. (2009): Theory and methods of survey sampling, PHI Learning, Delhi.

Murthy, Mo'N. (1977): Sampling Theory & Methods, Statistical Publishing Soeciéty, Calouita.

Singh; D. and Chaudhary, F.8. (1986} Theory and Analysis of Sample Survey Designs. New Age
International Publishers

Sukhatme P.V, and Sukhatme B.V. (1954): Sampling Theory of Surveys with Applications. Plyush
Publications, New Delhi.

STAT404: ADVANCED PROBABILITY THEQRY 4 CREDITS

Course Objectives: This course covers the fundamentals of probability theory using measure theoretic
approach. It focuses on the utility of abstract concepts such as WLLN, SLLN, CLT, etc. and teaches
their applications. '
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‘Course Specific Outeomes: After the culmination of this course, a student shall be:

e Able to understand the concepts, jaws, axioms and theorems of probability

e  Able to understand the measure-theoretic approach to probability and its relevance.

¢ Ableto iéehfiﬁf the different probability _cfistribution modeis. for problem solving,

»  Able tounderstand the concept of measurable function, random variable and random vector.
o ~ Able to understand the modes of convergence and their interrelationships

s Ableto understénd the laws of large numbers and the Central Limit Theoretn.

UNIT I: Classes of sefs, fields, sigma-field, minimal sigma-field, Borel sigma-field in RY, sequence of

' sels, hmsup and liminf of & sequence of sets. Measure, Pmbablhty measure, properties of a measure,

Bdyes’ Theorem and 1ts apphcanon

UNIT ﬂ: Measmable functions, Random variables, sequence of random  variables, Caratheodory
extension theorem (ét'atendeht only), Lebesgue and Lebesgue-Steljes measures on R Almost sure
convergenoe, Convergence in probability, Convergence in distribution, Corivergence in ™ mean and
their properties

UNIT TIL: Integration of a measurable function with respect to a measure, Monotone convergence
theorem, Fatouw’s lemma and its different lemma, Dominated convergence theorem and its different
lemma,

UNET 1V: Borel- Cantelli Lemma, Independence, Wealk law and strong aw of large menbers for iid
sequences, Characteristic fanction, inversion theorem, uniqueness theorem, Levy’s cantinuity theerem
{statement only), Central Limit Theorem for a sequence of independent random variables under .
Lindeberg’s condition, CLT for iid random variabies.

UNIT V: Exponential family of disiributions, Geometric Power Series Distribution, Compound,
truneated and mixture distributions. Markov, Holder, Jensen, Kolmogorov and Liapunov inequalities.

References

Ash, Robert. (1972): Real Analysis and Probability. Academic Press.

Bhat, B.R. (2015); Probabitity Theory. New Age International (P) Litd., New Delhi.
Billingstey, P. (1986): Probahility and Measure. Wiley.

Dudewicz, E.J. and Mishra, SN. (1988): Modern Mathematical Statistics. Wiley, Int’] Students’
Edition.

Rao, C.R. (1973): Linear Statistical Inference and fts Applications, 2/e. Wiley Eastern.

Rohatgi, V.K. and Saleh, A.JK.M.E. (2006): An Introduction to Probability Theory' and Mathematical
Statistics. Wiley (Indian Edition).

STAT405: LAB BASED ON THEORY PAPERS AND M.S, EXCEL 4 CREDITS




SEMESTER OUTCOME

@

MATHFMATECAL ANALYSYS paper wﬂl cover important topics of ISS exam, CSIR NET,
state public service exams and assistant statistical officer exams conducted by different states
along with some topics in field of research.

ADVANCED STAT}STICAL METHODS FOR DATA ANALYSIS paper will help you fo

strenigthen bagie statistical methods topics, including 1111p0riant tapics of stafistical inference. E‘l o

covets the syliabus of state public services exams, assistant statistical officer exams conducted
by different states, I$S exam, UGC NET, ete. ‘ ‘

- ADVANCED SAMPLING TECHMIQUES paper will improve basic concepts’ of samplmg _
~ as well as detailed knowledge of unequal probability sampling. It will cover the syllabus of

state publi¢ services exams, assmtant sta‘usmcal officer exans conducted by different states, ISS

. exan etc.

ADVANCED PROBABILITY THEORY paper will provide a defailed study of probability
theory, which will help to learn important results and lemmas that will be helpful in ISS exam,
CSIR NET, state public service exams, and assistant statistical officer exams conducted by
different states, along with some topics in the field of research.




SEMESTER 1Y _
STAT406: ADVANCED STATISTICAL INFERENCE ' 4 CREDITS

Course Objectives: The objective of the course is to make the students acquainted with the classical
apptroach of the inferential procedures for drawing conclusions from data while allowing for random
variation. ‘The course aims at forming the foundations of the basic elements of statistical inference, viz.
point estlmatwn mterval estun atlon and the theory of Lestmg of hypothesm

‘Ceurse Specme Outcomes: Aﬁe; culmination of th1s course, a student shali be
“e  Able to understand the concept of statistic, estimator and their properties.
e Able to undelsfanci the implication of likelihood, information, sufficiency and completene:ss
‘& Ableio under stand the methads of estimation
8 _.Abic, to understand the concept of testing hypothesis and thelr relevance

UNIT §: Estimator and its properties- Unbiasedness, Consistency, Efﬁmency, Mean Square Error, Best
Estimator, Information in data about the parameters as variation in Likel thood Principle, Sufficiency,
Neyman- Factorization Criterion, Invariance property of sufficiency under one-one transformation of
sample space and parameter space. Exponential families and Pitman Families, '

UNIT IE: Methods of estimation: maximum likelihood method: Type I, Type I, Type HI and Type 1V,

Methods of Momzents. a.nd method of least squares and their properties. Choice of estimators based on
urbizsedness, minimum variance, mean squared error, finimum variance unbiased estimators, Rao
Blackwell Theorem, Completeness, Lehmann - Scheffe theorem.

UNFT I8 Necessary and sufficient conditions for MVUE, Cramer Rac Regularity conditions, Cramer
- Rao lower bound approach, Fisher Information for one and several parameters models, Chapman
Robin Keiffer bound. Minimal Sufficient Statjstic.

UNIT IV: Testing of Hypothesis, Concepts of feritical 1egmns two kinds of errors, size function, power
fanction, level, MP and UMP test in class of size tests, Neyman - Paarson Lemma, MP test for simple
null against simple alternative hypothesis. '

UNIT V: Likelihood ratio test, UMP tests for simple null hypothesis against one sided alternative and
for one sided null against one sided alternative in one parameter exponential family, non-existence of
UMP test for simple null against two sided alternatives in one parameter exponential family.

Refermces )

Casella, G., & Berger R, L (2001): Statistical Inference, Cengage Learning (Indlan Edmon)
Dudewicz, E. I, & Mishra, S. N. (1988): Modern Mathematical Statistics, Witey

Hogg, R. V., & Craig, A. T. (1971): Introduction to Mathematical Statistics, MecMillan {Indian Edition),
Kale, B. K. (1999): A First Course on Parametric Inference, Narosa Publishing House.

Lehmann, E. L. (1986): Testing Statistical Hypotheses (Student Edition).

Lelanann, E L. {1986): Theory of Point Estimation (Student Edition}.

Mood, A.M., Graybill, F.A., & Boes, D.C. (1974): Introduction to the Theory of Statistics, Third
Edition, McGraw-Hill (Indian Edition).

Shao, 1. (2006): Mathematical Statistics, Springer (Indian Edition).




STAT407: ADVANCED MULTIVARIATE ANALYSIS 4 CREDITS

Course Objeéctives: The objective of the course is to impart necessary knowledge about theoretical
aspects of multivariate distribution theory, giving special emphasis to the inferential procedures related
to random samplmg from multivariate populations. The course is designed so that the students i learn
various multivariate data analysis tools and techniques to amalyze real-world problems involving
multivariate datasets. '

Course Specific Outcomes: Afler suceessful completion of this course, students will '

s Acquire kﬂOW edge of various multivariate dlstnbutions including Multivariate normal
Hotelhng s T, and Wishart sttrlbutmn

¢ Havea deep understanding of mferentm] procedures related fo multlvanafe popuiations.

 Acquire knowledge of Multivariate regressmn and muétwauate analysis of varlance and theﬂ :
empmcat apphcatmns :

s Be abie to carry out and'”apply commonly used multivariate data analysis techniques, and
interprat resuhs l

UNIT L Concept of rmdom vector, muitwana{e distribution and its disfribution function. Multivariate
normal distribution, its properties and characterization, Maximum likelihood estimators of parameters.
Distribution of sample mean vector. Inference concerming the mean vector when the covariance matrix
is known.

UNIT II: Multivariate central limit theorem. Wishart matrix, its distribution and properties. Hotelling’s
Tl-statistic its distribution and properties. Applications in tests on mean vector for one and more
multivariate normal populations, Mahalanobis® D%

UNIT Xi:; Likelihood ratio test criteria for testing the independence of sets of variables, equality of
covariance matrices, equality of a covariance matrix fo a given matrix, equality of 2 mean vector 4nd a
covariance mairix to a given vector and a given matrix.

UNIT 1V: Classification and discrimination procedures for discrimination between two muitivariaie
normal populations, sample discriminant finction, tests associated with discriminant functions,
classification into more than two multivariate normal populations, Fisher’s discriminant analysis.

UNIT V: Principal components, canonical variables and canonical correlations. Elements of factor
analysis and cluster analysis. Multivariate analysis of variance [MANOVA] of one-way classified data.
Wilk’s lambda criterion.

References )
Anderson, T.W. (2003): An Introduction to Multivariate Statistical Analysis (3rd ed.). John Wiley &

Sons,

Arnold, Steven F. (1981): The Theory of Linear Models and Multivariate Analysis. John Wiley & Sons.
Giri, N.C. (1977): Multivariate Statistical Inference. Academic Press.

Hirdle, W. K., & Simar, L. (2019): Applied Multivariate Statistical Analysis (4th ed.). Springer.




Izerman, A. J. (2013): Modern Multivariate Statistical Techniques: Regression, Classification, and
Manifold Learning. Springer.
Johnsen, R.A., & Wichern, D.W. (2019): Applied Multivariate Statistical Analysis (7th ed.), Pearson.
Kshirsagar, A.M. (1972): Multivariate Analysis. Marcel Dekker,

Lawliey,r D.N., & Maxwell, A.E. (1971): Factor Analysis as a Statistical Method {(2nd ed.). London:
Butterworths. ' :

Muirhead, R.J. (2005); Aspects of Multivariate Statistical Theory (2nd ed.). J ohn'Wi]ey & Sons.

Rao, C.R.:(2002): Linear Statistical Inference and It Applications (2nd ed.). John Wiley:& Sons. '
Rencher, A. C., & Christensen, W. F. (2012)‘: Methods of Multivariate Analysis (3rd ed.). John Wiley
& Sons, - C . :

 Shamiz, . (1996): Applied Multivasiate Techniques. John Wiley & Sous.
Srivastava, M.S., & K’n:atri, C.G. €1979): An Introduction to Multivariate Statistics, North Holland.

STAT408: STATISTICAL QUALITY CONTROL AND RELIABILITY 4 CREBITS
Course Objectives: The objective of the course is to impart necessary knowledge about theoretical as
well as practical aspects of statistical quality control and reliability. The course is designed so that the
students learn various quality control techniques to analyze real-world problems related to the
manufacturing industry and service sectors.

Course Specific Outcomes: After successfil completion of this course, students will be able to
»  Use different control charts to statistically conirof the ongoing process.
e Usea Sampling plan io sentence about the lot.
e Détermine the reliability, hazard rate, failure density, and other characteristics of the system.
s - Use different lifetime distributions under complete samples as well as under censored sample.

UNIT T: Guality Confrol Concept of quality and meéaning of control, Prodiict and Process controls.
Coneept of 3-sigma limits and 6-sigma approach. Modified and Specifications limits. Different types
of control charts: charts for variables: (X, R), (X, 5) chart. Charts for attributes: p, np and ¢ chart with
their applications in industry. - '

UNIT I: Basic concepts of process monitoring and control; process capability and process
optimization. General theory and review of control charts; O.C. and AR.L. of control charts,
Exponentially weighted moving average charts. Cu-sum charts using V masks and decision intervals.
General ideas on economic designing of control chart. Assumptions and costs. Duncan’s model for the

economic design of ¥ chart.

UNIT I 100% -inspection sampling, sampling inspection v/s 100% inspection. AQL and LTPD,
Concept of producer’s and consumer’s risk, Single, Double, Multiple and sequential sampling plans for
attributes, OC, AOQL, ASN and ATI curves.

UNIT TV: Reliability Theory- Reliability concepts and measures, components and systems, coherent

systems, Hazard rate and bath-tub failure rate curve, Constant, linearly increasing and non-linear
increasing hazard models. Ganima, normal and truncated normal failure laws. Estimation of parameters

and tests in these models,
% :' E ? «t
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UNIT V: Series, parallel, k-out of n, series-parallel, parallel-sorics, and non-series patallel
configurations. Notions of ageing ~ IFR, I[FRA, NBU, DMRL and NBUE classes and their duals.
Reliahility estimation based on failure times in various censored life-tests and in tests with replacement
of failed items. Stress-strength reliability and its estimation.

References
B&lagurusamy, E. (}984) Rehabﬂl‘y anmeermg, Tata Mec- Graw Hill Publications, New Delhi.
Barlow, R.F. and Proschan, F. (1987): Mathemauca] Theory of Reliability, John Wiley and Sons.

Bowkder, AK. and Goode H.P. (1952} Sampling Inspection by Veriables, Me-Graw Hill Book
Companv
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STAT409: REGRESSION ANALYSIS AND ECONOMETRICS _ 4 CREDITS

Course Objectives: The objective of Regression Analysis is to provide the toels necessary for using
the modelling approach for the statistical analysis of g response variable. The course is designed to
develop an intuitive and conceptual understanding of regression and simultaneous equation models to
describe and estimaté economic phenomena. It alse focuses on the formulation, estimation: and testing
of econometric models when some basic model assumptions are violated.

Course-specific sutcames: After the culmination of this course; a student shall be:
s Able to understand the concepts of regression, simple 2nd multiple linear regression,
@+ Ableto undérstand the implications of faulty assumptions
el Able fo understand the concept of model adequacy, outlier, leverage, etc.
e Able to understand the test(s) of hypotheses for model parameters' and thejr refevance

o Ableto underéténd the concept of general iiﬂear regression model(s).

o Able to understand the concept of Seemingly Unrelated Regression Equations model and
Simultaneous equation models.




UNIT I: Two-Variable Linear Regression Model- Least Squares Batimators of Coefficients and Their
Properties, Inference in Least Squares Model, The General Linear Regression Model, Ordinary Least
Squares Hstimator and Its Properties, Inference in General Linear Regression Model.

UNIT I: Generalized Least Squares Estimation. Measures of model adequacy: definition of residuals,

_standardized residuals, residual plots, statistical tests on residuals, ‘Press. statistics. Restricted -
Regression: Restricted Least Squares and its Properties, lagged variables, distributed lag models,
est;matmn of lags by OLS method, Koyck’s geometrzc lag model.

UNIT IL: Generalized linear models; deﬁmtlon of GLM link function, esnmatloﬂ of parameters and . .

inference in GLM, prediction and estimation with GLM, Logistic Regression model: Estimation of
_ parameters and their variance, Poisson regression: Estimation of paramsters and their variance. '

UNIT IV: Heteroscedastlmty Tests for Heteroscedastlclty - Bartletts’s, Breusch-Pagan and Goldfe Id
Quandt Tests, Multicollinearity: Exact and Near Maltlcollmeanty, Consequences and Detectlon of

"Mulhcollmeamy, Farrar Glauber Test, Remedies for Multicollinearity, Ridge Regression-

Autocorrelation: Sources and Consequences, AR(1) Process Tests for Autocorrelatior, Durbm Watson

" Test, Errors In Varlables Model.

UNRET V! Slmuitaneous Equations Models: ‘Structural and Reduced forms Ident1ﬁcat10n Problem. Rank
and Order Conditions of Identification, Restrictions on Structural Parameters. Estimation in
Simultariéous Fquaiions Models: Indirect Least Squares 2SLS Estimators, Limitéd Information’
Estimators, X-Class Estimators, Instrumental Variable.
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STAT410: Lab based on theory papers and SPSS 4 CREDITS

SEMESTER GUTCOME

- @

ADVANCED STATISTICAL INFERENCE paper will cover important topics of ISS exam,

- CSIR NET, state public service exams and assistant statistical officer exams conduoted by oo

different states along with some topics m ﬁeld of research.

ADVANCED MULTIVARIATE ANALYSES paper is very 1mportant field in data anazyms
It will give useful aspects on most important field of multivariate analysis which will be helpful

. _im ISS exam, RBI GRADE B, research field, reat life problems in data analysis efc. -

STATISTICAL QUALITY CONTROL AND RELIABILITY paper will help students to

Jeamn.. various - quality control  techniques to analyze real-world problems related to

manufacturing industry and service sectors. as well as government exams like ISS exam,
DSSSB, RPSC etc. '

REGRESSION ANALYSIS AND ECONOMETRICS will be useful for student if he will
opt, to gain detailed lmowledgl,e on important topics of govt, exams like ISS, DSSSB, state
public services exam etc. It will also help to analyze real life problems in data mining, time
qerles analy51s efe.




(FOR COURSE WORK MODE)

SEMESTER III
STAT501: DECISION THEORY AND BAYESIAN INF FERENCE 4 CREDITS

Course Guiconie:

The objective of this course is to provide an understandmg of decision theory and ﬁlndamentals of
Bayesian Inference, mciudmg the concept of subulectmty and priors, by examining a s1mple Bayesmn
'framewerk T _ e

Course Specific Outcomes: After successful completion of this course, students will be able to

& Understand and utilize past expérienc’e along with present observation and improve the . -

inferencas.
e Equlp students with skills to carty out and interpret posterior data-based modelmg and anaiyses '
e Understand. daﬁlslcm 1heoreuca1 coneepts,.game theory and their apphcatmns

e  Understarid the Bayesian estimation and testing procedures and compare them with classical
inference '

UNIT I: Subjective intérpretation of probability in terms of fair odds. Evaluation of (i} subjective
probability of an event using a subjectively unbiased coin (ii) subjective prior distribution of a
parameter. Bayes'theorem for random variables and its applications. '

'UNIT 1E: Importance of prior in computation of nosterior distribution, Natural Conjugate family of
priors for different discrete and continuous distributions, Non-informative, improper and invariant
priors. J efﬁ‘ey’s tnvariant prior.

{UNIT IIL: Bayesian point estimation: as a prediction problem from the posterior distribution. Rayes
estimators for (i) absolute ervor loss (i) squared exror loss {iif) 0 - 1 loss. Generalization to convex loss
functions, Evaluation of the estimate in terms of the posterior risk.

UNIT IV: Bayesian ‘interval estimation: Credible ‘intervals. Highest posterior density regions.
Interpretation of the confidence coefficient of an interval and its comparison with the interpretation of
the confidence coefficient for a classical confidence interval.

UNEY V: Bayesmn testing of Hypothesis: Specmcatton of the appropriate form of the pricr distribution

for a Bayesian testing of hypothesis problem. Prior odds, Posterior odds, Bayes factor for various types

of testing hypothesis problems, and Bayesian prediction problem. Large sample approximations for the
- posterior distribution: . .. ' :
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STAT 502: DESIGN OF EXPERIMENTS _ 4 CREDITS

Course Qutcome:

To provide the backer ound of fundamenial theories and practxces of statistical design of experunents
ised i Various dlsclplznes especially in agricultire, biclogical, manufacturing, and medical industries.
To give the idea in which situation which design should be used. The analysis of complete and
mcomple‘ce block design, fa(;tonai designs and use of confounding in the design of experlments

Cﬂm‘se Specific Outcﬂmes After successtul completion of the course, the siudunts will be able

& To understand the. theory as well as practlcal applicability of various designs of expe; ;ments in -_
vartous dzemphnes , . .

e Understand the canc,ept of comp]ete deslgns
e Learn about balanced incomplete block designs
" e Toknow the usé of confounding in the design of experiments

UNET I: Introductzon to Design of Bxperiments (basic concepts), Basic Principles of design of
e}\perlments uniformity frials, Contrasts, Orthogonal contrasts. Fixed, Random, and Mixed Effect
Models. Maltiple compatison tests. o S

UNIT 1#: Completely Randomized Design, Randomized Block Design and Latin Square Design,.
Graeco Latin Squdre design, Analysis of missing data. Model validation and use of transformation.

UNIT IIL: " Incomplete block design, balanced incomplete block design (BIBD), partially balanced
incomplete block design (PBIBD); General block design and its information matrix {C}, Generalized
inverse of C, criteria for conmeciedness, halance and orthogonality. Infrablock analysis of Incomplete
block design.-Intra and Inter-block analysis of BIBD. Efficiency of BIBD over RBD, Analysis of

covariance,

UNET ¥IV: Factorial expe?iments, main and interaction effects; best estimates and festing the
significance of facterial effects; study of 22 23, 2% 32, 3% and 3" factorial experiments in randomized
blocks; Complete and partial confounding, Fractional replication of the 2* design.

UNIT V: Split piot and Strlp plot design, Response surface methodol egy, first order designs and
" Analysis. . .
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STAT 503: OPERATIONS RESEARCH 4 CREDETS

Course Gutcome:

To study the fundamentals of operations research to solve the problems covered in the course content.
To understand the mathematical formulations of linear programming problems and their applications in
raal-life problems.

Course Speclﬁc Gutmmes After studymg the content, students will be ab%e to

e To 1dent1fy and deve]op operational research models from verbal descriptions of real life
problems.

e Tosolve mathematical problems by using different optimization techniques.
s To identify the project scheduling in the optimum time.
» To understand the decision-making problems and thelr solutions.

UNET i: Introauctlon, deﬁnm(}n and scope of operatlor*s rasearch leferent types of models used in
OR. Various phases of OR. Decision-making under uncertainty and risk involves the use of different
criteria.

Allocation Problems: Mathematical formulation of L.P.P, Graphical method to solve a L.P.P, Simplex
method to solve a L.P.P with slack, Surplus and Artificial variables. Construction of the dual of an
LPP. sen31t1v1ty analysw '

UNIT IL: Transportatmn Problem: Bellman’s principle of optimality, Mathemaﬁcal formulation of a
transportation problem, Northwest corner rule, unit cost penalty method and method of matrix minima.
Optimality test, unbalanced transportation problem, and Degeneracy in transportation prdblems.

UNIT IH: Assignment Problems: Assignment problems, formulation of these prdbiems and their
solutions, Unbalanced Assignment problems. Project Management: Rules for drawing the network
diagram, CPM and PERT techniques- basic concept, Probability of project completion.

UNIT IV: Inventory Control: Problems of inventory and the varicus costs associated with inventory
control, EOQ models with uniform/non-uniform rate of demands when shortages are allowed and not
allowed, while the replenishment of inventory is instantaneous. EOQ models with uniform rate of
demands when shortages are allowed/not allowed and replenishment of the inventory is non-
instantanecus. Single—period inventory models with no setup cost and demand rate s
discrete/continuons r, v, Newspaper Boy problem.

UNIT V: Game Theary: Criteria of pure and mixed strategies, pay-off matrix and saddle p.oint. Solution
of zero-sum. two-person games- 2x2, 2xn, mx2, and mxn games.

Queuing Theory: Introduction of the queuing system, various components of a queuing systemn, Pure
Birth Process; Pure Death Process,  Birth and Death Process, Steady-state solutions of
M/BA/1(Generalised), M/M/1: FCFS/K /o, M/M/C, M/M/C: FCFS/K/eo, M/G/1 models.
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STAT 504: HEALTH STATISTICS AND CLINICAT TRIALS 4 CREDITS

Course Objectives: Health Statistics is one area of Applied Statistics that concerns itself with the
application of statistical methods to medical; epidemiologicat and health-related problems.

Course-specific outcormes: After successful completion of this course, students will
"o 'Tackle the c'ﬁalleng'eé'ass;ociated with the Sttidj( déSign and data ﬁﬁalys’is'conductéd in health
sciences. ‘

® Acquh‘e i{now]edge of various measures of disease occurrence and association.

& Be able to calculate the appropriate sample size in different s’tudws Understand dlfferent
models related to disease modeling.

. Havea deep .un_derstanding of techniques related to survival data analysis. See the relationship.
between a vector of covariates x and the rate of oceurrence of specific types of failure.

s Explain the key concepts in the design of clinical trials.
o Identify the key issues in data management for clinical trials.

UNIT I Study designs in epidemiology, communicating results of epidemiclogical studies, and ethical
issues in epldemwlogy Measures of disease occurrence and association, variation and bias, identifying
non-causal’ assoczatlon and confounding, Cohort Study designs, statistical power and sample size

.

computatmns

UNIT H: Log-linsar models, 2xk and 2x2x2 contingency tables, Logistic mode] Analysis of binary
data. Causal Inference, Longitudinal data, Cross-contro! study designs, matched case-control studies.




Defining and -assessing heterogenelty of effects and interaction. Sensitivity and specificity of a
diagnostic test,

UNIT I3: Survival data, Product-limit estimator, Proportional hazards model, multivariate survival
data, Agreement and Reliability, Meta-analysis.

. UNIT IV: Introduction to clinical trials: the need and ethics of clinical trials, bias and random error in . -

clinical studies, conduct of clinical trials, overview of Phase IV frials, multi-center trials. Data
manageinent: data definitions, case report forms, database design; data collection systems for good
clinical practice : .

UNET V: Deslgn of chmcal trials: parallel vs. cross-over deswns cross-sectional vs. longrcudmal

“designs, rev1ew of factorlal designs, objectives and endpoints of clinical trials.
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STAT 505: OFFICTAL STATISTICS AND POPULATION STUDIES 4 CREDITS

Course Outeome: The course aims to study vatious features of the demography. It also gives the study
of the distribution of population with respect to birth, migration, aging, and death. The students will
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also be able to work on the planning and execution of government plans and for the other sectors as
well.

Cemse—spec;ﬁc (Outcomes:

' After successfu completmn of this course wiil be able to:

s Leam the most impor’cant techniques and features of demography.

& Understand measures of mortal .ity, construction of abridged life tables, infant mortality rate and -
1ts acﬁusi:ment model life tables etc.

e Leam dlfferent models of Populatmn growth and their filling to population data '

e .-Be equlpped wnh mols used in Ofﬁmal statlstics along wﬂh vision and mission of CSO and '

-NSSO

) UNIT I Ofﬁmal Stat1stlcs its need, uses, reliability, lirnitations, transparency, its variabil 1€y Vigion

and mission {)f 80O and NSSO their activities, Publications, etc., Role of NSC and its functioning.

UNIT IL: Sources and measures of mortality, Types of Life Tabls and its measures. Seurces measures,
determinants and cstlmatmn of fertility. Construction of abridged life tables, infant mortality rate and

s adjus‘ments and model fife table. Stable and quasi-stable populat;ons, infrinsic giowth rate.

UNIT T Models of Population Growth and their application to population data. Internal migration
and its measurement, migration iodels, concept of internal migration. Methods of Population
Projection, component method of population projection, nuptiatity and its measurements.

UNIT IV: Sources of demographic data, census, regisiration, ad hoc surveys, ‘hospital records,
Demographic profiles of the Indian census, coverage, and content errors in demographic data.
¢Chandrasekharan- Deming formirla to check completeness of registration data, adjustment of age data.

UNIT V: SRS Report, Maternal Mortality Rate, Physical Quality life index, Evolution of family
planning methods: achievement and challenges, National Population Policy of India, Human

Development Index, Evolution of Family Welfare program in India, National Environment Policy,
Sustainable Develcpment goals and NITI AAYOG’s SDG report for India, Different initiatives for
Older persons and elders by GOL
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STAT 506: SURVIVAL ANALYSIS 4 CREDITS

Course Ouféemc: The course aims fo study various features of the survi\_}al dasa, It ajso gives the study-

“of survival function using parametric and non-parametric distributions. The students wilt also be able

to work on the nianning and execution of government plans and for other sectors as well.
Cnurse—specxfic oatceme After successful completion of this course, the student will be able to;
& Dec;de the type of censormg and truncation that is the basis for given survwal data
o Estnnate survwal fimnctions using pa;rametric and non-parametric methods
COmpal ¢ But Vlval functions of two'or ot populatzons '

UNIT i: Concepts of time, Order and random Censoring, likelihood in these cases. Life distributions-
Exponential Gamma, Weibull, Lognormal, Pareto, Linear Failure rate.

 UNIT il: Parametric inference (Point estimation, Confidence Intervals, Scores, LR, MLE tests {Rao-

Willks-Wald)) for these distributions. Life tables, failure rate, mean residual life and their elementary

. properties. Ageing classes - and their properties, Bathtub Failure rate.

-UN-E"'E‘-C]fH:"EétEﬁaﬁbﬁi of survival function - Actuarial Estimator, Kaplén—Méier Estiniator, Fehimation

under the a‘_ssumption of TFR/DFR. Tests of exponentiality against non-parametric classes- Total time
on test, Deshpande test.

UNIT IV: Two-sample problem-Gehan test, Log rank test. Mantel-Haenszel test, Tarone—Ware tests.

Semi-parametric regression for failure rate - Cox’s proportional hazards model with one and several
covariates. UNIT V: Rank test for the regression coefficients, Competing risks model, parametric and
non-parametric inference for this model. Multiple decrement life table.

References

Cox, DR, and Oakes, D. (1984): Analysis of Survival Data, Chapman and Hall, New York.

Elandt-J ohnson, R.E; Johnson N.L.{1999): Survival Models and Data Analysis, Johﬁ Wiley and Sons.
Gross AJ. and Clark, V.A. (1975): Survival Distribution: Reliability applications in the Biomedical
Sciences, John Wiley and Sons, _

Kalbfleisch .1, and Prentice R.L. (1980): The Statistical Analysis of Failure Time Data, Johin Wiley.

Miller, R.G. (1981): Survival Analysis (John Wiley).

 STAT 507: LAB BASED GN THEORY PAPERS AND R ' 4 CREDITS
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SEMESTER CUTCOME

€

DECISION THEQRY AND BAYESIAN INFERENCE paper will cover important topics of
the ISS exam, state public service exams, and assistant statistical officer exams conducted by
different states, along with some topics in the field of research. T¢ will cultivate the ability of
students in the field of decision theory based statistical measures, which will be helpful for
further studies in the field of investigation, computation of posterior distribution using Bayes'
law. ’ ’

DESEGN OF EXPERIMENTS paper will be helpful in the fieid of agricultural research and
different national and state-level exams like ISS, UGC NET, DSSSB, etc. This paper will also
open another branch from this semestel for studénts to go in agriculture field if he/she will be

. inter ested

OPERATIGNS RE&EARCH paper will cover unportant toples of ISS exam, state pubhc
service exams etc. It will be helpful in analyzing reai-life problems to gain opt1m1zed results.
With mtmmum Tesources and cost.

HEALTH STATISTICS AND CLINICAL TRIALS paper will further help students-fo
pursue his/ hér career in the field of health statistics, as in the previous semester. It will cover

important topics of the ISS exam and the various government exams in the medical field, etc.

OFFICIAL STATISTICS AND POPULATION STUDIES paper will be useful for students
in different exams like ISS, UGC NET, DSSSE, ete. It will be helpful in the research field of
Population studies, conducted by IIPS, Mumbai, :

SURVIVAL ANALYSIS paper will cover important topics coming in the ISS exam, different
exams in the field of health statistics conducted by the GOL '

26



"SEMESTER IV
STATSGS COMFUTER INTENSIVE STATISTICAL METHODS 4 CREDITS

Course Outcome This topic helps to understand how to generate random numbers in uniform (0 1)
using simulation techniques and application of the Monte Carlo approach for computation, It will help
to understand resampling techniques like jackknife, bootstrap, eic. '

Course Speclﬁc Outcomes: After cuimmanon of this course, students will be able to
o _Understand the concepts, laws, axioms and theorems, simulation and random number ‘
i generatlon FILI ' : '

A ®. Understané the efﬁcwnt algor 1thms for random m;mber generation.

& Identlfy the use of Monte Carlo method for computation.
6 '_ 'Understand the concept of statistical analysm of s1mu1ated data

e .Understand various resampling methods hke Jack? (mfe and bootsu ap.
e -Und_erntand the computatlonal rigor of regression and multwanate data.

UNIT E: Random number generation, multiplicative congruannal method, mixed congruenmal method,
Estimation of 7, Inverse transformation method and its significance.

UNIET IE: Inverse transform method for discrete distribution, generation of random numbers from
diserste uniform, Bernoulli, binomial, geometric, and Poisson distributions. Acceptance-rejection
technique for discrete random variables, Composmon approach for mixture distributions. Generation
of random vegtors. :

UNIT I Inverse fransform method for continuous distribution, generation of random nurmbers from
continuous distributions like uniform, exponential, gamma  distributions, etc. Acceptance Rejection
Technique for continuous random variables like beta, gamma, truncated gamma, normal, etc.

UNIT IV: Statistical analysis of simulated data for point estimation, interval estimaiion and festing of
hypothesis, Monte Carlo methods for evaluation of integrais using random numbers, Mante-Carlo
methods for.estimation of parameters, Jack-Knife, Bootstrap, cross validation, Monte Carlo methods '
and permutation tests,

UNIT V2 Regvessmn Analysis, scatter plot, residual analysis. Graphzcal representahon of multivariate
data, cluster Analysw and principal cormmponent analysis for dimension reduction. Bayesian calculations
for non-conjugate priors: (i) Importance sampling, (i) Obtaining a large sample of parameter values '
from the posterior dlsmbutmn using acceptance-rejection methods, and Markov Chain Monte Carlo
methods :
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L ‘Shao and D.Tu (1 995)_; The Jaokknife and the Bootstrap. Springer Vér
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STAT509: STATISTICAL MACHINE LEARNING & DATA MINING 4 CREDITS

- Course Guteome: This course will vresent statistical methods that have proven to be of value in the

field of knowledge dlscovezy in databases, with special attention fo fechniques that he Ip managers to S L

make mte%hgent use. of these repositories by wcogmzmg pattems and malking pr edictions. -
Course Bpecific Outcomes: After successful completion of this course, student will be able to:
¢ Learn the mostimportant concepfs and fechniques of data handling / data mining,

e Understand different data mining tools like association rule mining, classification rule,
clustering of data ete.

o " Learn differsnt multivariate concepts like logistic regression, principal component analysis etc.
«  Be able to analyze large datasets with the help of different statistical packages/ software using
data mining techniques

UNIT I: Introduction to databases, what is Iata Mining? The Cross Industry Standard Practice for data
mining- CRISP-DM: The Six Phases, Data Mining tasks in discovering Knowledge in Data-
Descupﬁon Fstvmatlon Predlf‘tlon Clasgification, Clustering, Assoclaﬂon Fallacies of Data Mining. -

Data P1e—processmg representatmn v1suahza‘;1cm cleanmg, reductmn ‘aansfomlatmn outlier
detsction, Exploratory data analysis, data warehouses and Introduction to Online analytical data
processing (OLTP). '

UNIT II: Association Rule Mining: Introduction to Affinity analysis or Market basket analysis,
Support, Confidence, frequent itemsets, and the A Priori Algorithm, Usefuiness of Association rules,
applications to electronic commerce, Clustering: Single linkage and Complete linkage clustering,
Distance measures, k-tiiéan clustering, Hierarchical clus'tériing', Imputation of Missing Data.

UNIT Hi: Classification and Regression Trees {CART): Classification trees, Minimum Spanning tree
node, impurity function, entropy fumction, choosing the best split pruning algerithm for classification
trees, Regression trees, Terminal node value and splitting strategy, pruning the tree and best pruned
-stbtree.

UNIT IV: Logistic Regression: Interpreting 2 Dichotomous and pelychotomous predictor and

Continuous predictor, Assumption of Linearity, zero cell problem, Support Vector Machine: SVM with -

linear class boundaries, multiclass SVM, Latent variable models for blind source separation:
Independent Component analysis and its applications, Random Forest classifier

UNIT V: Naive Bayes classification: Bayesian approach, Posterior odds ratio, Bayesian Belief
Natworks Maximum a Posteriori Classification, Neural Networks: Input and Outpui Encoding, Neural




networks for estimation and prediction, Sigmoid Activation Functien, Back Propagaﬁng Ruies
Gradient Descent Method, Sensitivity Analysis,
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Tools and Techniques (4th ed.). Morgan Kaufmarn.

STAT510: DATA ANALYSIS USING TABLEAU AND POWER BI " 4ACREBITS

Course Qutcome: To provide comprehensive knowledge and practical skills in creating, managing,
v1suahzmg, analyzing, end interpreting data using Tableau and Power BL

_ Ceurse-specaﬁ{ outcomes: After successful completion of this course, students wili be able to:
& Develop interactive dashboards and visualizations in Tableau and Power BL

e Integrate various data sources and perform data transformation.

ety




¢ Apply advanced visualization techniques and best practices for data storytelling.
. Perform da‘ta analysis and gain mszghts to support decision-making processes.

UNIT I: Infroduction to Tableau

Overview of Tableau: hm'oduction, Installation, and User Interface, Connecting to Data: Types of data
connections, importing data, data cleaning and data preparation. Basic Visualizations: Creating bar
charts, line charts, pie charts, scatter plots, stem and Ieaf and box and whisker plot. Filters and
Parameters: Using filters, quick filters, and parameters for dynamic visualization. Interactive
Dashboatds Bmldmg dashboards layout, mteraotmty, and. d651gn best practices :

UNIT f: Advamﬁd Tai}ieaﬂ Techmques

Calculated Fields and Table Caloulations: Basic calculations, string ‘manipulations, and data
caloulatmns Advanced Charts and Graphs: Heat maps, treemaps, bullet graphs, and Pareto charts, Data
biendmg and Joins: Blending multiple data sources and performing joins. Storyielllng with Drata:
Creating story points, narr atlve flow, and publishing to Tableau Public. - '

- URIT IH Emmductwh to Power Bi

Overview of Power BI: Introduction, Installation, and User Interface. Gettmg Data Importing data from
various sources, direct query, and data fransformation with Power Query. Building Rasic
Visualizations: Bar charts, line charts, pie charts, stem and leaf, box and whisker plot and tables.

UNIT IV: Advanced Power BI Techniques

Reports and Dashboards: Creating and costomizing reports and designing interactive dashboards. Using
DAX: Infroduction to Data Analysis Expressions (IDAX) for calculations and data manipulation.

Advanced Data Modeling: Relationships, hierarchies and advanced DAX functions. Time Inteltigence:
Cleatmg date tables, time-based calculations and period- to—penod comparisohs.

UNIT V Advanced Power BI Tbchm{gues

Custom Vlsuals and ThemeS' Using custor visuals, designing custom themes and importing visuals
from the marketplace. Integration and Shanng Embedding Power BI reports, sharmg dashboards and
Power B service features, )
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STATSL: TEME SERIES ANALYSIS : - 4CREDITS

Course Outeome: To provide a background of the fundamental theories and practices of statistical
linear medeling and time series analysis of observational, experimental data, and survey data of various

types.
Course Specific Outcomes: After successful completion of this course, students will be able

@ To decompose the time series data into its components,
e Identify the random behaviour of time series data.
® Fit various t}me series mode]s iike ARMA, ARIMA, Exponentlal ete.

o Analyze the past behavmm of the series and predict the future

CUNET L ume Series Analy31s Heonomic time series, different components illustration, additive and |

multiplicative models, determination of trend, seasonal and cyclical fluctuations.

UNIT II: Time-series as discrete parameter stochastic process, auto covariance and autocorrelation
functions and their properties. Exploratory time Series analysis, tests for trend and seasonality,
exponential and moving average smoothmg Holt and Winters smoothing, forecasting based on

smoothing.

UNET 111 Detailed study of the stationary processes: (1) movisig average (MA), (2) autoregresswe
(AR), (3) ARMA and (4) AR integrated MA (ARIMA} models. Box-Jenkins models, choice of AR
and MA periods

UNIT 1V: D;scussien (without proof) of estimation of mean, auto covariance and autocorrelation
functions under large sample theory, estimation of ARIMA model parameters. Introduction to VAR,
ARCH and GARCH models.

UNIT V: Spectral analysis of weakly stationary process. Periodogram and correlogram analyses.
Computanons based on Fourier transform, Spectral decomposition of weak AR process and
representation as a one-sided MA process - necessary and sufficient conditions. Implication in
prediction problems.
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STAT512: FINANCIAL STATISTICS SR 4CRED§TS |

Caurse Om‘mme The main outcome of the course is to equip students with the knowiedge and SI{]HSV '

" negdssary to analyze financial data, assess risk, make informed investment decisions; ind comimunicate

their ﬁndmgs effectwely ma professmnai context.
Ceurse~specxﬂc ountcomes: After successful completion of this course, students will be able to:
2 Unders‘tand the Indian Financial system and the functioning of financial markets in India.

® Understand and work in the money market, equity, stocks, market index, and Portfolio
maﬂagement secters - '

a -.Woxk in the option market call and put options, ete.
s  Understand a;nd work in Fulure markets, Mechanics and strategies, I'uture prices, and expecied
spot prices, . - .

UNIT I: Main theme: R}SK Return Trade-off. Money market, Fixed income, equity, stocks and bonds,
Treasury notes, Market indexes, Rafes of interest, compound mtelest 1nﬁat10n Risk in & portfolio
context, law of one price and atbitrage. '

UNET R1s;< and risk aversion, mean-variance analyms allocation between risky and r1sk~free
portfolios. -« :

-Diversification and portfolic risk, Markowitz portfolio selection, optimal portfolios.

UNIT III: Capit'ai assefs, pricing model, passive strategy, risk premium, Index models and
czwermﬁcatmn CAPM and mdex mode}

UNIT I\f Optmns *narkets Ameucan and European optlons ca‘l and put opt:ons open strategles
option-like instruments, optien valuation. Binomial option pricing, Black-Scholes option valuation.
Uses of the Black-Scholes formula. Futures markets, Mechanies and strategies, Futures prices, expected
spot prices.

UNET ¥: Stochastic Models in Finance: Continuous time process- geometric Brownian Motion. 1to’s
lemma, Hedging Portfolios,: Delta, Gamma, and Theta hedging. Binomial Model for European Cptions:
Cox -Ross- Rubinsteii approach to option pricing. Discreté Dividends :
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STATSI3 ACTUARIAL STATISTICS ' ' ' 4 CREDITS:

Course Outcome: This course will help to understand the wtility theory and insurance models to assess
risk and uncertainty in various financial contexts. Use probability theory to model and solve real-world
actuarial problems.

Course Specific Gulcomes-
¢ - Acquire knowledge of models or individual claims and their sums, survival function.
¢ Know how to construct life tables, and understand different types of insurance.

¢ Have an understanding of annuity benefits through multiple life functions evaluation for special
mortatity faws. -

¢ Understand the distribution of aggregate claims, the compound Poisson distribution, and its
application.

UNIT It Utility theory, insurance and utility theery, models for individual claims and their sums,
survival function, curtate future lifetime, force of moriality, Life table and its refation with survival

i




funeftion, examples, assumptions for fractional ages, some analytical laws of rriertality, select and
ultimate tables,

UNET ¥: Multiple life functions, joint life and last surviver status, insurance and annuity benefits
through multiple life functions evaluation for special mortality laws. '

UNET I01: Multiple decrement models, deterministic and randcm survivorship groups, associated single
decrement tables, central rates of multiple decrement, net single premlums and their numerical
evafuations;- : : : C o o

UNIT BV Prmctp]es of compound mterest Nominal and effective rates of interest and discount, force
of mterest and dlscouﬂt compound inferest, accumulation factor, contumous compoundmg

UNIT Vi L}fe inisurance: Insurance payable at the moment of death and at the end of the year of death~
level beneﬂt 1nsurance endowment insurance, deferred insurance and varymg benefit insurance,
reoursmns and com‘nutatmn functmns
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STATSi4: LAB BASED ON THEORY PAPERS AND SOFTWARE ' . 4 CREDITS
SEMESTER OUTC(}ME

_ ¢ COMPUTER INTENSIVE STATISTICAL METHODS paper wﬂl be helpful m analyzing
real-life problems using simulation techniques.

s STATISTICAL MACHINE LEARNING & DATA MINING paper will further help
students to pursue his/ her career in the field of data science by extracting important information
from the generated raw form of data using trending statistical software R, Python, etc.

s DATA ANALYSIS USING TABLEAU AND POWER BY paper will groonﬁ students to go
~ into the field of data analysis using trending statistical sofiware in the corporate secior..

+ TIME SERIES ANALYSIS paper will cover important topics of ISS exam, state public
service exams, and assistant statistical officer exams conducted by different states, along with
some iopics in the field of research. Tt will be helpful in real-life problems in forecasting and
firture prediction.




e FINANCIAL STATISTICS paper will be usefizl for students to analyze financial data, assess
risk, make Informed investment decisions, and communicate their findings effectively in &
professional context. It will be helpful in exams for the posis of Special Officer in banking

orgagization.

«¢ ACTUARIAL STATISTICS paper will help to understand the utility theory and insurance
models to assess risk and uncertainty in various financial contexts. It will cover important topics
- coming in field of research in actuarial science. It will also be useful in covering various topics
of mains exam of Insurance companies.

' (FOR COURSE WORK + RESEARCH MODE EXTRA CODES)

A S T E R TR AN R

STAT S15: LAB BASED ON THEORY PAPERS ANDR 2 CREDITS

STAT 516: RESEARCH PROJECT AND DISSERTATION ** 10 CREDITS

Course OE'}j ective_s_:'S'tudents'shaﬁ develop research skills through focused study of a research topic of

. .choice. The. students .shali develop a research project under the mentorship of any facuity of the .-

Department of Physics or dny equivalent faculty or scientist as approved by the Department. The
candidate will continue the research project from the IX semester and shall make a presentation as well
as submit a Master’s disscriation thesis.

Course Quteomes:

e Student will get expertise on software skills, including data interpretation and presentation
. skifls, ete. .. -

e Students will get exposure to writing and reviewing research projects and will get motivated
towards research as a career.

STAT517: LAB BASED ON TEEORY PAPERS AND SOFTWARE % CREDITS.




Bepartmem of Mathematics and Statistics
SemesternWise Details of M.Sc. (Statistics) Evaluation System

as per NEP-2020
_ {(Course work)
Semester I
Sud Code Title of the paper Internal External ’_I‘ota} Credits
L e A Assessmient | Assessmient - o '
STAT401 Mathematical Analysis 25 73 100 4
STAT402 - Adva;’lccd Statistical Methods for 25 75 100 4
‘ Data Analysis
STATAGZ Sampling Techniques 25 75 100 4
STAT404 Advanced Probabifity Theory 25 75 100 4
STAT4GS Lab based on theory papers and 25 75 100 4
MS Excel
Total Credits in Semester I 125 375 560 20
Semester I
Sub Code Title of the paper Taternal External Total Cregits
Assessment Assessment
STAT406 | Advanced Statistical Inference 25 75 100 1
STAT407 Advanced Multivariate Analysis 25 75 100 4
STAT408 Statistical Quality Control and 25 75 100 4
Reliability
5TAT409 Regression Analysis and 25 75 160 4
Econometrics
STAT410 Lab based on theory papers and 25 75 100 4
SPRS
Total Credits in Semester Il 128 375 508 20

Students will get a “PG Diploma” if willing to exit after the successful éampietion of 1% Year of
tite PG program. {As per NEP nerm)




Serpester 11

Sub Code [Vithe of the paper [nternal Fxternal - {Total Credits
A ssessiment [Assessment
STATS501 . Decision Theory and Bayesian Inference 25 75 180 4
STAT302 Design of Experiments 25 BEEREE I TTON S
STATS03 | [Operation Research 25 75 100 4
[STAT504 |Health Statistics and Clinical Trials 25 75 . 100 - 4
OR "~ | ' OR - '
STATS05 Official Statistics and Population Studies
|OR N OR -~
STATS506  [Survival Analysis
STATS07 Lab -ba:_séd on theory papers and R~ 25 73 -~ 100 4
T dtal Credits_ in Semester 111 125 375 504 20
“Semester IV
sub Code itle of ¢the paper Enternal Exﬁe?na‘i Total Credits
S Assessient Assessment
S’F AT508  (Computer Intensive Statistical Methods 25 75 100 4
STAT509  |Statistical Machine Learning and Data 25 75 100 4
S Minipg ' '
STATS10 |[Data Analysis Using Tableat and Power 75 75 100 4
BI : . '
STATS511. [Time Series Analysis 25 75 100 4
OR o - OR
STATS12  Financial Statistics
STAT513 - Actuarial Statistics
STATS14 Lab based on theoty papers and 25 75 100 A
' * Software
Totel Credits in Semester IV 125 375 s60 R0

% Total credits in Sem I+ Sem IT + Sem I+ Sem IV = 80

2. Total marks in Sem I+ Sem I+ Sem IIi+ Sem IV = 2000

3. Students of M.8c, 1% yéar and 27 year in Statistics acquired 40 + 40 = 80 credits, will be
awarded a P.G Diegree (M.Sc. in Statistics)




Department of Mathematics and Statistics
Evaluation System of MLSc. (Statistics) Program

as per NEP-2028
 {Course work + Research mode)

e , Semester HI ‘
Sub Cade _ _Tiﬂ_ie of the paper | Enternal External Total _Credi‘és
' Y ‘ Asgessment Assessment ‘ :
STAT501 | Decision Theory and Bayesian S 100 3

| Inference. ‘ I A
STATSOZ " | Design of Experiments 25 75 180 - 4.
| STAT315 Lab based on theory papérsand R | - 25 ) _ 7H 1060 - 2
STATS 16 . Research Project and Dissertation | - 7 10%
Total Credits in Semester I 75 N 300 10
("Te be evziﬂzatéﬁ iﬁll\:f.s‘emester)
Semester IV
Sub Code Title of ﬁw'gfszspef Enternal Fxternal “Total Credits
S : - Assessment |- Assessment - |- NE :
STATS05 Computer Intensive Statistical 23 75 100 4
" | Msthods :
STATS(6 Staﬁsﬁcal Machine Learning and 25 75 160 4
Data Mining ‘
STATSI7 _. " | Lab based on theory papers and - 25 75 . 100 2
Software
STAT518 Research Projéct and Dissertation 23 75 100 To*+10%
(Viva Voee) | (Dissertation) |
Total Credits in Semester IV 164 - 300 400 30

Note: 1. Research Project and Dissertation of semester 111 and semesier IV will be evaluated in semester [V,
combined with 20 credits. Students will do a training program/ internship in semester IIT and submit the
certificate to the department for evaluation,

2, Total creditsin Sem I + Sem II + Sem HI+ Sem I'V = 80
3, Total marks in Sem I+ Sem [T+ Sem I+ Sem [V = 1700.

4, Students of M.-'Sc. 1% year and 2" vear in Statistics acquired 40 + 40 = 80 credits, will bs
, [amvy?axjded a P.G Degree (M.Sc. in Statistics)
] .
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Evaluation System of one-year PG Program (M‘.Sea Statigii@ﬁ)

as per NEP-2020
{Course Work Mode)
Semester |
Sulr Code Tit!e of the paper Internal Assessment External Assessment [Total Credits
STATS01. Decision Theory and Bayésian Inference : 25 75 166 . 4
TSTATS02 - Desigh of Bxperfinents © - - e 257 STss e A
STATS503 (Operation Research 25 7 160 4
STATS04 - [Health Stafistics and Clinical Trials 25 75 106 T A
OR : - OR ' ‘ : : - :
STATS05 (Official Statistics and Population Studies
OR S OR
- ISTAT306  [Survival Analysis« o000 - . - _ _ . : :
STATS07  [Lab based on theory papers and ' 25 73 100 : 4 -
Total Cradits in Semester 111 - 125 375 %0 0
Semester I
Sub Code  [Title of the paper - Internal External Assessment [FPotal Credits
: Agsessment '
STATS08  |Computer Intensive Statistical Methods 25 75 16G 4
STATS0%  |Statistical Machine Learning and Data 25 75 100 4
Mining : :
STATSI0  {Data Analysis Using Tableau and Power BI 25 75 160 . 4
. ISTATSH]  [Time Series Analysis 25 75 100 4
OR - OR
STAT312  [Financial Statistics
OR : OR
STATS513  |Actuarial Statistics
BTAT514 ~ | ° Lab'based on theory papers and 25 15 - 100 4
Software :
Total Credits in Semester IV 125 378 560 20

. Total credits in Sem I+ Sem If =40
2. Total marks in Sem I+ Sem II = 1000

3. Students of M.Se. (Statistics) one year programme acquired 40 credits, will be awdrded 2 P.G
Degree (M.Sc. in Statistics)




" Evaluation System of One year PG Program (M.Sc. Statistics)

as per NEP-2020
(Course work + Research mode)
Semester I
Sub Code Title of the paper Taternal External Totst Credits
D el Assessment | Assessment : o
STATS01 Decisi'on Theory and Bayesian 25 e 100 4
I Inference
STAT502, - | Design of Experiments 23 75 100 4
STAT515 . Lab based on theory papers .25 73 100 2
STAT5E16 & Research Project and 10
Dissertation
Total Credits in Semester | 75 225 300 i1i]
*To lbe evafg'at_ed in It semester}
Semester I
Sub Code’ Title of the paper ingernal External Tetal Credifs
. Assessmient Assessment
STATE0S - Compuier intensive Statistical 25 75 100 4
. iethods
STAT506 " Statistical Machine Learning 25 75 160 4
and Data Mining
STATS17 - Lab based on theory papers 25 73 100- 2
- and Software’ I
STAT518 Research Project and 25 75 100 1O*+10% |
B ! } D- t.
) Issertation {Viva Voce) | (Dissertation)
Total Credits in Semester B 100 306 400 30

Note: 1. ** Research Project of semester | and semester I will be evaluated in semester [I,
combinedly with 20 credits. Students will do a fraining prograny/ infernship course in both semesters
and submit the certificate to the department for evaluation.




2. Total credits in Sem I + Sem II = 40
3. Total marks in Sem I+ Sem 11 = 700

4. Students of M.Sc. (Statistics) one year pr (}gra.mme acquired 40 credits, will be awarded a
P.G Degree (M.S¢. in Statistics)

Evaluation System for Researéh Preject of PG Program
| (MLSe. Statisties) (NEP 2020)

(COEER“S@ werk + Research mode)

“Dissertation (75} o Viva Voce Fotal Marks
Midterm End Term (25) )
Evaiuation (25) Evaiuafion {50} '
Marks

Migterm Evaluation Compenent

{1) Review of literature with reforence 18
(2} Identification of Problem 05
6)] Represeﬂfaf:mn ef Objective 03
(4} Midterm Presentation ' ) 45
Total: 25

End Term Evaluation Cempenent

{5) Methodology _ 10
{6) Result Analysis 10
(7} Publication is peer—rev:ewed Journals : 10
(8) Global/ Local /Social Impact 10
(9} Prediction of Futere Scope 16
: Total: 56
Viva Voce
(10y Presentation by the student : ) 15
(1 i) Persenal Interaction 10
Total: 25

Evaluation shall be done by a board conprising a supervisor (Internal Facunlty Member) and an
Examiner (External Subject expert nominated by the university).




