KRISHNA UNIVERSITY

Department of Statistics

Machilipatnam
M.Sc. Statistics Syllabus [w. e. f 2020-21 Admitted batch]

COURSE STRUCTURE

Number of
S. No. Subject code Name of the Subject Periods per Credits
Week
I-SEMESTER
1 20 STA101 Probability Theory 4 4
2 20 STA102 Theory of Estimation 4 4
3 20 STA103 Distribution Theory 4 4
4 20 STA104 Sampling Theory 4 4
5 20 LSTA105 Practical-1 6 3
6 20 LSTAL106 Practical-11(computer based) 6 3
Total: 28 22
II-SEMESTER

20 STA201 Stochastic Processes 4 4

8 20 STA202 Testing of Statistical Hypotheses 4 4
9 20 STA203 Multivariate Analysis 4 4
10 20 STA204 R-Programming 4 4
11 20 LSTA205 Practical-1 6 3
12 20 LSTA206 Practical-11(computer based) 6 3
13 200ESTA207 Open Elective-1* 4 4
Total: 32 26

* Open Elective-1 is offered by other departments. The student (Min. 50% Students) may opt from the list
of Open Electives approved by the University.

I1I-SEMESTER

13 20 STA301 Reliability 4 4
14 20 STA302 Design of Experiments 4 4
15 20 STA303 Industrial Statistics 4 4
16 20 STA304 Econometrics 4 4
17 20 LSTA305 Practical-1(computer based) 6 3
18 20 OESTA306 Open Elective-I1* 4 4

Total: 26 23

* Open Elective-11 is offered by other departments. The student (Min. 50% Students) may opt from the list
of Open Electives approved by the University.

IV- SEMESTER

19 20 MOSTA401 MOOCS 4 4
20 20 ETSTA 402 Elective-I 4 4
21 20 ETSTA 403 Elective-II 4 4
22 20 STA 404 Operations Research 4 4
23 20 LSTA 405 Practical-1 6 3
24 20 SMSTA 406 Seminar 6 3

Total: 28 22




ELECTIVES

Elective-I Elective-11
20ETSTA 402A: Bio-Statistics 20ETSTA 403A: Business Analytics
20ETSTA 402B: Statistical Pattern Recognition| 20ETSTA 403B: Actuarial Statistics
20ETSTA 402C: Numerical Methods 20ETSTA 403C: Time Series Analysis

Work load and credits for above program as per Course structure

Semester No. of hours No. of credits
| -sem 28 22
Il-sem 32 26
I1-sem 26 23
IV-sem 28 22
GRAND TOTAL 114 93

Signature of the BOS Chair Person
Krishna University
Machilipatnam



Instructions for evaluation

1. Each theory subject is evaluated for 100 Marks out of which 70 Marks through end
examination and internal assessment would be for 30 Marks. The minimum marks for
qualifying in theory subject shall be 40%.

2. End Examination Question Paper Pattern is as follows:

Sl. No. Questions Ug;tlsl;gut:e Marks
Questionl
1 | (uestions, WO, | NI | 102520
from each unit)

2 ?al;eét:?t?)z Form UNIT-| 10

3 ?al;egt:&?)?’ From UNIT-II 10

4 ?al;egt:&# From UNIT-1II 10

S %%??Q)S From UNIT-IV 10

6 ?5%?&36 From UNIT-V 10
Total: 70

Procedure to evaluate midterm examinations:

Theory:

| Midterm Examinations —I & 11 | 30 marks |

The pattern for the mid examination: 30 marks will be divided into 10 marks of the

objective (Short questions/MCQ & 30 minutes duration) and 20 marks descriptive

(four questions each carries 5 marks’ with internal choice for each question & 60

minutes duration)

*Note 1: If the final marks are in fraction, it shall be rounded off to the next
number

e If the student is absent for the mid-term examination, no re-exam shall be
conducted
If the student failed to attend both the mid- term examinations, his/her aggregate marks



shall be considered zero.
Note: Final mid semester marks shall be awarded as average of two mid
examinations.

Example:
Marks obtained in first mid: 30
Marks obtained in second mid: 20
Final mid semester Marks: (30+20) = 50/2= 25
Practical/Lab:
“Continuous assessment/ End Total
Day to day work examination
30 marks 70M 100M

*Continuous assessment format given below.

Note: For practical courses, there shall be a continuous evaluation during the semester
for 30 sessional marks and end examination shall be for 70 marks. Day-to-day work in
the laboratory shall be evaluated for 30 marks by the concerned laboratory teacher based
on the regularity/record/viva. Both day to day evaluation and two mid-term should be
finalized by 30 marks. The end examination shall be conducted by the concerned
laboratory teacher and external examiner in the subject nominated by the university.

e Internal marks will be awarded by internal examiner only.

Template
Day to day evaluation sheet / Continuous Evaluation of Practical

Course: PG Program:

Academic Year:

Subject with Code: Semester:

Subject Title:

Experiment & Marks Total Final
Marks | Marks
(100) (30M)
Student | Student 1 2 3 4 5 6 7 8 9 10

Roll. No | Name 10 | @0 |@ |@ |@ |@ |@ |@ |@ |@o
M) [M) [M) [M) [M) [M) [M) [M) |[M) | M)

*Number of experiments varies from subject to subject. Each experiment carries 10M




Seminar:

The student will be given seminar topics at the beginning of the IV semester by faculty
In-charge and the student has to present the topics, submit the hard copy of seminar topic
report at the end of the IV semester. Out of a total of 100 marks, for the Seminar
Evaluation, 50 marks shall be for Seminar report/record and 50 marks for the End
Semester Examination (Viva-voce). The Viva- Voce shall be conducted by a committee
consisting of HOD, faculty in charge and a senior faculty member/external examiner
nominated by the university.

*khkkk



SEM-I
PROBABILITY THEORY-20 STA 101

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):
To understand the uncertain occurrence situations with logical manner.

UNIT - |

Classes of sets, Fields, o-Fields, Minimal o-Fields, Sequence of Sets, Limit Supremum and
Limit Infimum of sequence of sets, Measure, Probability Measure, properties of Measure.
(Ch_1 of Text book_1)

UNIT - 11

Axiomatic definition of Probability, Continuity Theorem of Probability, Conditional
Probability, Statistical Independence of events, Borel-Cantelli Lemma, Probability on finite
sample spaces, Geometrical Probability. Measurable functions, notation of Random Variable,
Distribution Function, properties of Distribution, Vector of Random Variables, Statistical
Independence, concepts of Joint, Marginal and Conditional Distributions, Mathematical
Expectation, Conditional Expectation, Characteristic Function, its properties.

(Ch_1,2,3,4 of Text book_1)

UNIT -

Inversion formula, Characteristic functions and moments. Moments Inequalities - Markov,
Schwartz, Jensen, Holder, Minkowski, Kolmogrove’s, Hajek-Renyi.

(Ch_,3,4,7 of Text book_1)

UNIT - IV

Convergence of Sequence of Random Variables - Type of convergence in Probability,
Almost Sure, in Mean Square, in Law- their interrelations. Law of Large Numbers - Weak
Laws: Chebychevs’s form of W.L.LN., Necessary and Sufficient Condition of W.L.L.N.
Kintchines form of W.L.L.N., Kolmogrove’s S.L.LN for i.i.d. Random Variables

(Ch_7 of Text book_1)

UNIT -V

Central Limit Theorem for i.i.d Random Variables- Levy and Lindbergh form, CLT for
Independent Random Variables - Lindbergh and Feller condition (Statement only),
Liapounov form of Central Limit Theorem. Statements of results on Asymptotic Variances
and Co-variances, Distribution of sample moments, sample quantiles with simple examples in
the respective situations.

(Ch_7 of Text book_1)

s Course Learning Outcome(s):
Students will learn-
» The different probability measures.
« The distribution functions and its properties.
« The different Weak laws and strong laws of large numbers.
» The characteristics functions, inversion theorem, central limit theorem, etc.

Text books:
1. Anintroduction to probability theory and mathematical statistics, V.K. Rohatgi, A K
Md Ehsanes Saleh, 2015, Wiley Eastern Limited.

Reference books: )
1. Modern probability theory, B.R. Bhat, 4™, 2019, Wiley Eastern Limited.

2. The Theory of Probability, B.V. Gnedenko, 2020, CRC,PRESS.
3. An Outline of statistics theory-1, A.M. Goon, M.K. Gupta and B. Das gupta, 1973, The
World Press Private Limited, Calcutta.



SEM-I
THEORY OF ESTIMATION- 20 STA 102

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

¢+ Course Learning Objective(s):

To derive suitable point and Interval estimators of the parameters of a random variable
and give a measure of their precision.
UNIT - |
Concepts of population, parameter (scalar, vector), parametric space, sample, sample space, statistic,
estimator, estimate, sampling distribution, standard error, etc. Problem of point estimation, properties
of good estimator, sufficiency- concept, definition, examples using definition, distinction between
joint density and likelihood function. Fisher Neyman Factorization theorem. Complete sufficiency-
examples, Minimal sufficiency.
(Ch_15 & 16 of Text book 3, Ch_2, 3 & 4 of Text book 1 and Ch_4 & 5 of Text book_2)
UNIT - 11
Unbiasedness-concept, examples, properties, Exponential class,s regularity conditions, Cramer-Rao
Inequality and condition(s) for existence equality, examples of construction of UMVUE using
Cramer-Rao Inequality, Rao-Blackwell Theorem, Lehmann-Scheffe Theorem.
(Ch_15&16 of Text book_3, Ch_2,3&4 of Text book_1 and Ch_4&5 of Text book_2)
UNIT — 111
Minimum Variance Unbaised Estimator, UMVUE, Necessary and Sufficient condition for the
existence of MVUE. Minimum Mean Square Error (MMSE) Estimation. Consistency- Concept and
examples, necessary condition for the existence of consistent estimator, efficiency, Asymptotic
Relative Efficiency (ARE), CAN, CAUN estimators.
(Ch_15&16 of Text book_3, Ch_2,3&4 of Text book_1 and Ch_4&5 of Text book_2)
UNIT - IV
Moments method of Estimation, ML method of Estimation, Percentile Estimation, Minimum Chi-
square and Modified Minimum Chi- square. (Ch_3 of Text book 1)
UNIT -V
Interval Estimation, Confidence level, Construction of Confidence intervals using pivots, shortest
expected length, UMA, UMAU Confidence sets. Relationship between confidence estimation and
testing of hypothesis. Priori and Posteriori distributions, loss function, risk function, Minmax & Bayes
Estimator. (Ch_23 of Text book 3 & Ch_8 of E-book)

s+ Course Learning Outcome(s):
By the end of this Programme, the students will be able to:
¢ Understand problem of statistical inference, problem of point estimation
o Properties of point estimator and Interval estimation such Consistency, Unbiasedness, Sufficiency
¢ Obtain estimators using estimation methods such as Maximum likelihood, Minimum
chisquare, method of moments. Properties of maximum likelihood estimator.
¢ Construct minimal sufficient statistic and minimal sufficient statistic for exponential family.
¢ Construct Confidence Interval (one and two parameter case)

Text books:
1. An Outline of Statistical Theory, Vol.ll , A.M. Goom, M.K. Gupta and B. Dasgupta , 1980,
World Press, Calcutta.
2. Linear Statistical Inference and its Application, C.R. RAO, 1973, JohnWiley.
3. Mathematical Statistics, Parimal Mukopadhyay, 1996, New Central Book Agency (P) Ltd., Calcutta
4, A First Course on Parametric Inference, B.K. kale, 1999 Narosa Publishing Co.,

E-books:
An introduction to probability theory and mathematical statistics by V. K. Rohatgi, A. K. Md.

Ehsanes Saleh, John Wiley & Sons, Inc.
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SEM-I
DISTIBUTION THEORY-20 STA 103

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):
To present the general theory of statistical distributions as well as the standard
distributions found in statistical practice.
UNIT - |
Notion of a random variable- discrete and continuous types. Concepts of Probability mass

function and probability density function. Notion of joint, marginal and conditional
distributions. Generating functions- Probability generating function, moment generating
function, cumulative generating function and characteristic function.

(Ch_2 & 4 of Test book-1)

UNIT - 11

Discrete distributions- Compound Binomial, Compound Poisson, truncated Binomial,
truncated Poisson distributions and their properties.

(Ch_3, 4 &11 of Test book-2)

UNIT - 111

Continuous distributions- Laplace, Weibull, Logistic and Pareto distributions and their
properties.

(Ch_20, 21, 23, 24 of Test books-3)

UNIT - IV

Sampling distributions- ¥, t and F distributions and their properties.

(Ch_18, 27, 28, 29, 30, 31 of Test books-3)

UNIT -V

Order statistics- distribution function, probability density function (p.d.f) of single order
statistic, joint p.d.f. of order statistics. Distribution of range with applications in rectangular
and exponential cases.

(ch_4 of E-book)

% Course Learning Outcome(s):
At the End of this Course Students will be able :
e To apply all the discrete distributions for analyzing the data.
e To use various continuous distributions whenever necessary.
e To describe the practical applications of truncated distribution.
e To apply order statistics for distribution theory.

Text books:

1. Mathematical Statistics- Parimal Mukopadhyay, 3" Ed, 2006, New Central Book Agency (P) Ltd.,
Calcutta.

2. Univariate Discrete distributions, N.L. Johnson and S. Kotz, 2005, John wiley &Sons.

3. ContinuousUnivariatedistributions,vol.1&2,-N.L.JohnsonandS.Kotz,Balakrishnan, 1994, John Wiley
&Son

E-books:

1. Anintroduction to probability theory and mathematical statistics by V.K.Rohatgi, A.K.Md.Ehsanes Saleh,
John Wiley & Sons,Inc.



SEM-I
SAMPLING THEORY-20 STA 104

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External:70M)

% Course Learning Objective(s):

To Learn variety of probability and non- probability sampling methods for selecting

a sample from a population.
UNIT-I
Allocation problem in stratified sampling, gain in precision due to stratification, estimation of
sample size with continuous data, stratified sampling for proportions
(Ch-5,5A of Text book_1)
UNIT-I1I
Populations with linear trend in systematic sampling, circular systematic sampling. Cluster
sampling with equal and unequal cluster sizes, optimum cluster size for fixed cost. PPS
sampling with and without replacements, procedures of selection of a sample,
(Ch-8, 9, 9A of Text book_1)
UNIT-I1
Estimator of population total and its sampling variance in PPS with replacement, Horvitz-
Thomson estimator and its variance. Two-stage sampling with equal number of second stage
units, estimation of population mean, its variance and estimation of variance. Double
sampling (two phase sampling) for stratification, variance of the estimated mean, optimum
allocation in double sampling.
(Ch-10, 11, 12 of Textbook_1)
UNIT-IV
Concepts of multi-stage and multi-phase. Ratio estimation, bias of the ratio estimator,
comparison of the ratio estimate with the mean per unit, conditions for optimum ratio
estimates in sampling , ratio estimates in stratified sampling.
(Ch-60f Text book_1)
UNIT-V
Regression estimation, variance with per-assigned and estimated value of regression
coefficient, sample estimate of variance. Comparison with ratio estimate, regression estimates
in stratified sampling. (Ch-7 of Text book_1)

% Course Learning Outcome(s):
At the End of this Course Students will be able:
» To apply various sampling methods
» To explain and to compare various allocations using stratified random sampling.
» To draw a conclusion about the best sampling procedure.

Text books & E-book:
1. Sampling techniques, W. Cochran, John Wiley.

Reference Books:
1. and methods of survey sampling. Mukhopadhyay., 2009, PHI Learning Private Ltd.,
. Theory Sampling theory , Singh & Chaudhary. 1988, John Wiley.
3. Sampling Theory & Methods , M.N. Murthy, 1962, ISI, Calcutta.
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SEM-I
PRACTICAL-I-20 LSTA 105

No. of Hours: 08 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

LIST OF PROBLEMS:

Problem on Central limit theorem for Bernouli random numbers.
Problem on Chebyshev’s Inequality.
Problem on Conditional probability

Problem on distribution function

o & w0 npoRE

Problem on Maximum Likelihood estimation in zero truncated poisson
distribution

Problem on Baye’s Estimation in Exponential Distribution

Problem on Interval estimation Normal Distribution

Problem on Method of Modified minimum chi-square

© o N o

Problem on Maximum likelihood estimation of Cauchy population
10. Fitting of Truncated Binomial Distribution

11. Fitting of Truncated Poisson Distribution

12. Fitting of Laplace Distribution

13. Fitting of Logistic Distribution

14. Problem on Sampling Random Sampling

15. Problem on Stratified Random Sampling

16. Problem on Gain in precision due to Stratification

17. Problem on Ratio method of estimation

18. Problem on Regression Method of Estimation.

10



SEM-I
PRACTICAL-II (Computer Based)— 20 LSTA 106

No. of Hours: 08 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

LIST OF PROBLEMS:

1. Interpret the descriptive statistical measures for the given data set by using
Microsoft Excel.

Construct Histogram for the data using Microsoft Excel

Fit the Exponential trend line for the data using Microsoft Excel

Fit the Lined trend line for the data using Microsoft Excel

Fit the Logarithmic trend line for the data using Microsoft Excel

Fit the Polynomial of given order trend line for the data using Microsoft Excel

Fit the Power trend line for the data using Microsoft Excel

Fit the Moving Average trend line for the data using Microsoft Excel

Interpret the T-Test of Two samples assuming Unequal variances using Microsoft
Excel

10. Interpret the T-Test Paired Two sample for mean using Microsoft Excel

11. Interpret the F-Test two sample for variance using Microsoft Excel

12. Interpret the ANOVA: Single Factor using Microsoft Excel

13. ML Estimation for Exponential Distribution given parameters

14. ML Estimation for weibull Distribution given parameters

15. ML Estimation for Logistic Distribution given parameters

16. ML Estimation for Normal Distribution given parameters

17. Linear Programming Problems Using Microsoft Excel

18. Simplex method using Microsoft Excel

© oo N O WD
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SEM-II
STOCHASTIC PROCESSES-20 STA 201

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):
e Tolearn and to understand stochastic processes predictive approach.

® Todevelopanabilitytoanalyzeandapplysomebasicstochasticprocessesforsolvingreallife
situations

UNIT-I

Introduction to Stochastic Processes (SP), Classification of SP according to State Space and
time domain, Countable-State Markov Chains (CSMC). Chapman-Kolmogrov equation,
calculation of n-step Transition Probability and its limit. Classification of States

(Ch-1, 2 of Text books_1)

UNIT-I1I

Markov Processes with Discrete State Space, Poisson Process, Postulates of Poisson process,
properties of Poisson process, Poisson process and related distributions — Inter arrival time —
further interesting properties of Poisson Process, generalizations of Poisson Process - Poisson
Cluster Process. Pure Birth Process — Birth-Immigration Process — Time dependent Poisson
Processes — Random Variation of the parameter A

(Ch-3 of Text books_1)

UNIT-1I

Renewal Processes in Discrete Time, relation between F(s) and P(s), Renewal Interval,
Renewal Theory in discrete time, Renewal Theorem. Renewal Process in Continuous Time-
Renewal Function and Renewal Density, Renewal Equation. Stopping Time, Wald’s
Equation. Elementary Renewal Theorem, Black well’s and Smith’s Renewal Theorem,
Central Limit Theorem for Renewals (Ch-6 of Text books_1)

UNIT-IV

Branching Processes, properties of generating functions of Branching Processes- moments of
Xn ; Probability of Extinction - Asymptotic Distribution of X,; Distribution of the Total
number of Progeny (Ch-9 of Text books_1)

UNIT-V

Martingale Processes maximal inequality for non-negative martingales. martingales
convergence theorem, optional stopping theorem. Stationary process-Gaussian process,
second order process

(Ch-5, 8 of Text book_1)

s Course Learning Outcome(s):
At the End of this Course Students will be able:
« To apply stochastic models for different distributions.
» To use birth and death Poisson processes whenever necessary.
« To apply various inequalities in Mathematical as well as Statistical Analysis.

Text books:
1. Stochastic processes, second edition, Medhi, J. 1982, new age international p)Ltd.

Reference Books

1. Introduction to Stochastic Process, Basu, A.K, 2003, Narosa Publishing House, NewDelhi
2. Stochastic processes, Ross, 1995, John Wiley andsons.

3. Elements of applied stochastic processes, Bhat, U.N., 1984, John Wiley andsons.

12



SEM-I11
TESTING OF STATISTICAL HYPOTHESES- 20 STA 202

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

¢+ Course Learning Objective(s):
e To learn the development of null and alternative hypotheses.
e To learn types of errors, non-parametric tests.
¢ To perform Test of Hypothesis as well as obtain MP, UMP tests.
UNIT - |
Randomized and non-randomized tests, Neyman — Pearson fundamental lemma, Most powerful tests, Uniformly

most powerful test, Uniformly most powerful test for distributions with monotone likelihood ratio,
Generalization of fundamental lemma and its applications

(Ch_11 of Text book_1)

UNIT - 11

Unbiasedness for hypothesis testing, Uniformly most powerful unbiased tests, Unbiased tests for one parameter
exponential family, Similar test and complete sufficient statistics, Similar tests with Neyman structure, Locally
most powerful tests. (Ch_10 of Text book_1)

UNIT - 111

Non-parametric tests: Goodness of fit test: Chi-square and Kolmogorov Smirnov test - Test for randomness,
Wilcoxon Signed rank test — Two sample problem: Kolmogrov-Smirnov test, Wald-Wolfowitz run test (Ch_11
of Textbook 2)

UNIT - IV

Non-parametric tests: Mann-Whitney U test, Median test, Kruskal Wallis test and Friedman’s test Likelihood
ratio test, its properties and its asymptotic distribution, Applications of the LR method.

(Ch_11 of Text book_2)

UNIT -V

Sequential tests: Basic Structure of Sequential tests — Sequential Probability Ratio Test (SPRT) and its
applications — Determination of the boundary constants — Operating Characteristic and expected sample size of
SPRT — Optimum properties of SPRT.

(Ch_9 of Text book_2)

¢ Course Learning Outcome(s):
By the end of this Programme, the students will be able to:
¢ Understand problem of statistical inference, problem of testing of hypothesis
o  Explain critical regions, test functions, two kinds of errors, size function and

power function

e  Construct Most Powerful test using NP Lemma and when UMP testexists

o Explain Likelihood ratio test., Wald test, Pearson’s chi-square test forgoodness
of fit and Bartlett’s test for homogeneity of variances.

e Understand Sequential probability ratio test and Construct SPRT in case of Binomial,
Poisson, NormalDistribution.

¢ Understand Generalized Neyman Pearson lemma ,unbiasedtest,

Text books:

1. Mathematical Statistics, Parimal Mukopadhyay, 3™ Ed, 2006, New Central Book Agency (P) Ltd.,
Calcutta.

2. An Outline of Statistical Theory, Vol —II, Goon, A.M., Gupta M.K. and Dasgupta B., 1973, The World
Press privateLTD.

3. Statistical Inference, Rohatgi, V.K., 2003, Dover Publications,. NewYork

13



SEM-I11

MULTIVARIATE ANALYSIS- 20 STA 203
No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):
¢ To learn and develop scientific view to deal with multidimensional datasets and its uses in the
analysis of research data.
o To understand the extensions of univariate techniques to multivariate frameworks and learn
to apply dimension reduction techniques used in the data analysis.
UNIT-I
Multinomial and Dirichlet distributions, elliptical distributions their properties.
(ch_7 of Text book_2),
Unit-11
Multivariate normal distribution, (singular and nonsingular) marginal and conditional distri-
butions; linear transformations, characteristics function; maximum likelihood estimators of
the parameters and their sampling distributions.
(Ch_4 of Text book_1)
Unit-111
Tests of hypothesis about the mean vector of normal distribution, Hotelling’s T % statistics,
its distribution and applications; relationship between T 2 and Mahalanobis D?-statistics;
Wishart distribution and its properties; confidence regions.
(Ch_5 of Text book_1)
Unit-1V
Introductiontoprinciplecomponents,canonicalcorrelationandcanonicalvariables;
(Ch_8,9&10 of Textbook 1)
Unit-V
Classification problems; discriminant analysis;
(Ch_11 of Text book_1)
%+ Course Learning Outcome(s):
At the end of this Course, the students will know
¢ Multivariate Normal Distribution and its properties
e Wishart Distribution and Wilkslambda
e Hotelling’s T? statistic and its null distribution and its applications
¢ Classification and Discrimination problem
¢ Sample discriminant function analysis
¢ Canonical correlation and its applications and also Principal components and its

applications.
Text books:
1. Applied Multivariate Statistical Analysis, Johnson, R. A. and Wichern, D. W., 6"Edn, 2007 Prentice-Hall
of India Private Ltd., New Delhi
2. Mathematical Statistics, 2011, Suddhendu Biswas and G.L. Sriwastav, Narosa Publishing
House, Reference books:
1. An Introduction to Multivariate Statistical Analysis, Anderson, T.W. 2003, Wiley Eastern Ltd.
2. Multivariate Statistics Made Simple: A Practical Approach, 2018, KVS SARMA and R Vishnu, CRC Press
3. Multivariate Analysis and Its Applications, 2008,Kartick Chandra Bhuyan, New Central Book Agency

14
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SEM-II
R-PROGRAMMING 20 STA 204

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

¢+ Course Learning Objective(s):

. Start with the R basics, to advance Programming in R
. Learn the most popular tool for data analysis in statistics
Unit-1

Introduction to R language: Objects (Atomics) -basic types, modes and attributes, comments, constants, R —
Data Types: Vectors, Lists, Matrices, Arrays, Data Frames, Identifiers, Reserved words. R — Operators: types of
operators, arithmetic, relational, logical operators, assignment and miscellaneous operators. R — Variables:
variable assignment, data type, finding Variables, deleting Variables, assignments, R-1/0 console functions—
scan(), print(), format() and cat() functions. R-vectors: creating vectors, vector assignment, manipulating
vectors, arithmetic, generating regular sequences, logical vectors, character vectors, index vectors, selecting and
modifying subsets of a vector. (Ch_1,2 of Text book_1, Ch_2,3 of Text book_2, Ch_1 of Text book_3)

Unit-11

R-Lists: creating a list, naming, accessing and manipulating list elements, converting a list to a vector. R-Data
frames: creation, adding rows and variables to data frame, attach() and detach(), working with data frames.
Reading and getting data into R using files: reading data and writing data from to files of type CSV, EXCEL,
text and other data type files using the save(), load(), read.csv() and read. table(), write.csv() and write. table()
functions. file. choose(), setwd() and getwd() functions. R — Control Structures: Decision making-if, if- else,
ladder if-else, nested if-else, and switch statements. Loops-repeat, while and for statements. Loop control
statements — break and next. R — Functions: function definition, function components, built-in functions, user-
defined function, syntax of a function, function arguments, arguments matching, scope and evaluation, calling a
function, one-line functions, using default values in functions.

(Ch_2 of Text book_1, Ch_4 of Text book_2)

Unit-111

R-Graphics: Use of high-level plotting functions for creating histograms, scatter plots, box- whisker plots, bar
plot, dot plot, line charts using numeric data and categorical data, pie charts, bar Charts, Q-Q plot and curves.
Controlling plot options using low-level plotting functions, adding lines, segments, points, polygon, grid to the
plotting region; Add text using legend, text, mtex; and modify/add axes, putting multiple plots on a single page.
R-Matrices: Creating matrices, arithmetic operators on matrices, matrix facilities, forming partitioned matrices,
cbind() and rbind() functions, (Ch_4 of Text book_1, Ch_5,7 of Text book 2, Ch_2,4 of Textbook_3)

Unit - IV

R-Probability Distributions: Computing values of pdf, cdf and quantile for various principle discrete and
continuous distributions; generating samples from the distributions; Plotting density and cumulative density
curves. R-codes: Fitting of binomial, Poisson, normal, exponential and logistic distributions based on a given
frequency data and test for goodness of fit. R-codes for small standard statistical problems like finding
arithmetic mean, median, range, sd, cv (Ch_3 of Text book_1, Ch_2 of Text book 2, Ch_3 of Textbook_3)

Unit - V

R-codes for correlation, one-sample t-test, two-sample t-test and paired samples t-test. Built in R-syntaxes for
the Shapiro-Wilk test of normality, Kolmogorov-Smirnov test, Wilcoxon Mann-Whitney one sample and two-
sample U-tests, chi-square tests for association and goodness of fit, for one-way ANOVA, two- way ANOVA.
(Ch_5,6,7 of Text book 1, Ch_10,11 of Text book 2, Ch_5,6,7 of Textbook_3)

¢+ Course Learning Outcome(s):

After successful completion of the course students should be able to

»  After successful completion of the course students should be able to

» Understand the basics in R programming in terms of constructs, control statements, string functions
» Able to appreciate and apply the R programming from a statistical perspective

Text books:

1. Beginning R—The Statistical Programming Language, Dr. Mark Gardener (2012),Wiley India Pvt
Ltd.

2. The R Book, Michael J.Crawley (2007) , John Wiley and Sons Ltd.

3. Introductory Statistics with R, Peter Dalgaard (2008) , 2"edition,Springer.
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SEM-II
PRACTICAL - 20 LSTA 205

No. of Hours: 08 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

LIST OF PROBLEMS:

Problem on Transition Probability matrices

Problem on Concepts on Classification of States

Problem on Poisson Process& Related Distributions

Problem on Renewal Theorem

Problem on Branching Process

Problem on Kruskal-Walli’s Test

Problem on Bartlett’s Test for homogeneity of several variance
Problem on Kolmogorov’s Smirnov Test

Problem on Mann-Whitney Utest,

10. Problem on Kruskal Wallis test

11. Concept on Sequential Probability Ratio Test (Normal Distribution)
12. Problem on Testing a Multivariate mean Vector withT?

13. Problem on Multivariate Analysis of Variance(MANOVA)

14. Problem related to canonical correlation

15. Problem related to Principle components Analysis

16. Problem related to Classification problems

oSN~ WNE
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SEM-II
PRACTICAL - 20 LSTA 206

No. of Hours: 08 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

LIST OF PROBLEMS:

Write a program on While loop using R-programming

Write a program on for loop using R-programming

Write a program on calling a Function without an Argument using R-programming

Write a program on Calling a Function with Argument Values using R-programming

Write a program for Standard deviation, Quartile Deviation and coefficient of

Variation using R-programming

Write a program on Formatting numbers & strings function using R-programming

7. Write a program on Matrix application using R-programming (addition, subtraction,
inverse, Multiplication)

8. Write a program for Bar Charts Graphs using R-programming

9. Write a program for Box plot Graphs using R-programming

10. Write a program for Histograms using R-programming

11. Write a program for Line Graphs using R-programming

12. Write a program for Pie-Chart Graph using R-programming

13. For the given data construct a Scatter plot by using R-programming

14. Write a program on pmf, cdf and random numbers for Discrete distributions
(Binomial, Poisson)

15. Write programme on pmf, cdf and random numbers for Continuous distributions
(Normal, Exponential)

16. Kolmogorov Smirnov test using R-programming

17. Multivariate normal distribution using R-programming

18. Principle components using R-programming

19. Discriminant analysis using R-programming

SAEE R

o

SEM-II Open Elective — 1 20 OESTA 207
No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

Open Elective-1 is offered by other departments. The student (Min. 50% Students) may opt from the list of Open
Electives approved by the University.
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SEM-I11
RELIABILITY-20 STA 301

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):

¢ To learn and understand the basic reliable systems and to analyze it life of system

e To analyze the survival of reliable systems by using different methods
UNIT-I
Importance of reliability, definition of reliability and its measures, concept of failure. General
provision of a reliability specification, Methods of achieving reliability, Broad functions of
reliability. Bath tub curve, causes of early failure and methods to avoid them, failure
distributions: exponential, Weibull, truncated normal, log normal - their properties and uses.
(Ch_1,2,3 of Text book_1 and Ch_2 of Text book-2)
UNIT-II
Series, parallel and r-out of n configurations; their block diagram, reliability graph and
determination of reliability through combinatorial methods. Events space, cut set and tie set.
Multistate models. (ch_9 Text book 1)
UNIT-1I
System reliability with exponential components in series, parallel and r- out of - n system.
Usefulness of redundancy and improvement factor. MTTF, MTBF, Equivalents MTBF of
series and parallel system (Ch_5 of Text book-2)
UNIT-IV
Cold and hot redundancy, reliability of stand-by system. Weakest link model, chain model,
stress-strength model, non-parametric estimation of reliability. (Ch_5 of Text book-2)
UNIT-V
Problem of life testing, estimation of parameters and reliability in standard probability models
(Exponential, Weibull, Normal) using complete samples. Probability plotting and graphical
procedures for estimating the parameter and testing validity of model by some standard
statistical tests. (Ch_1,2,3 of Textbook-2)

% Course Learning Outcome(s):
At the End of this Course Students will be able:
e To learn reliability and its measures

¢ To learn different failure distributions and its use
e To estimate the parameters in probability models

Text books:
1. Reliability and Life Testing, Sinha, S.K., Wiley Eastern Limited.
2. Reliability Engineering, E. Balagurusamy, Tata McGraw-Hill Education

Reference Books:

1. Statistical Analysis of Reliability and Life-Testing Models, Bain, L.J, Dekker,
NewYork

2. Statistical Models and Methods for Lifetime Data, Lawless, J.F., Wiley, NewYork

Bayesian Reliability Analysis, Martz, H.E. & Weller, A., Willey NewYork,

4. Statistical Theory of Reliability and Life Testing Probability Models, Barlow R.E.&
Proschan, F., Holt, Rinehart and Winston, NewYork.

5. Software Engineering: Design, Reliability and Management, Shooman,M.L.,
McGraw- Hill, NewYork.

w

18



SEM-I11
DESIGN OF EXPERIMENTS- 20 STA 302

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):
¢ To learn the basic principles in the design of simple experiments.
¢ To learn different tests for comparing pairs of treatment means, factorial experiments,
confounding, BIBD, PBIBD with solving real life examples.
¢ To learn the applications of different designs in agriculture.

UNIT-I
Linear Estimation under Gauss-Markov set up. Analysis of variance - one and two way
classification. Fisher’s least significance difference test and Duncan’s multiple range test,
Fixed, random and mixed effect models. Principles of Design of experiments. CRD, RBD
and LSD. Analysis ofCo-variance
(Ch_2,3 Text book_4 & Ch_8,9 &10 Text book_3)
UNIT-I1I
Analysisof2?, 2%, 3% 3 factorial experiments. Confounding-Total and Partial and their
analysis. (Ch_4 & 7 Text book_4)
UNIT-111
Incomplete block designs; Analysis balanced incomplete block designs (BIBD), Partially
Balanced Incomplete Block Designs (PBIBD) with two associate classes
(Ch_12, 13, 14 Text book_3)
UNIT-1V
Concept of Split and Strip plot, Youden square and Lattice designs.
(ch_4 & 5 Text book_2)
UNIT-V
Concept of response surface methodology (RSM), response surface designs.
(Ch_11 Text book_1 & Text book_4)
%+ Course Learning Outcome(s):
At the End of this Course Students will be able:
e To apply various designs for agricultural data/agricultural field.
¢ To explain which design will give the maximum yield of a crop.
e To use factorial experiment for agriculture data.
e To describe the concept of confounding for different experiment
Text books:
1. Design and Analysis of Experiments, Douglas C. Montgomery, 8ed, 2013,John Wiley and Sons
2. Designs and Analysis of Experiments. M.N. Das and N.C. Giri, 1986, Wiley Eastern Ltd.
3. Linear Estimation and Design of Experiments. D.D. Joshi. 1987, Wiley Eastern Ltd.

4. Design and Analysis of Experiments, R. Panneerselvam, PHI, Learning Pvt. Ltd
E-book:
Douglas C. Montgomery, Design and Analysis of Experiments, John Wiley and Sons

19



SEM-I11
INDUSTRIAL STATISTICS- 20 STA 303

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

Course Learning Objective(s):
e Tolearnthestatisticalqualitycontroltechniquesusedinindustriessuchascontrol
charts, acceptance sampling plans etc.
e To learn some advanced control charts, and capability indices.

UNIT - |
Statistical process control: Chance and Assignable eauses of quality variation, Statistical
basis of control chart. Control charts for variables: Control charts for X and R - Statistical

basis of the charts, development and use of and charts, chart based on standard values, the
operating- characteristic function and the average run length for the X chart, control charts for
X and S with constant and variable sample size, the S control chart, control charts for
individual measurements.

(Ch_2, 3 of Text book_1)

UNIT - 11

Control charts for attributes: the control chart for fraction nonconforming with constant and
variable sample size, the operating-characteristic function and average run length
calculations, control charts for non-conformities (defects) with constant and variable sample
size and OC- function.

(Ch_6 of Text book_1)

UNIT - 111

Cumulative sum control chart, \V-mask Procedure for monitoring the Process mean and exponentially
weightedmovingaveragecontrolcharts.Otherstatisticalprocesscontroltechniques:statistical
process control for short production runs, modified and acceptance control charts.

(Ch_8 of Text book_1)

UNIT-IV

Process capability analysis. Acceptance sampling: Single sampling plans for attributes and
designing SSP with a specified OC-Curve, methods of choosing sampling plans. Double,
multiple and sequential sampling plans, procedure of MIL STD-105E.

(Ch_9 of Text book_1)

UNIT-V

Acceptance sampling by variables merits and de-merits, types of available variable sampling
plans, construction of a variable sampling plan with a specified OC curve, general description
and use of MIL STD 414,

(Ch_14 of Text book 1)

% Course Learning Outcome(s):
At the end of this course, the students
o Will be able to draw various types of control charts such as X bar and R, X bar
and s, p chart, EWMA, CUSUM etc and draw conclusions.
¢ Different performance measures of control chart such as OC, ARL, etc.,

Text books:
1. Introduction to Statistical Quality Control, Montgomery, D. C., 4" Edn, 2003, John Wiley.
2. Quality Control and Industrial Statistics, A.J. Duncan; Jewin, Homewood, 5"edition,



SEM-I11
ECONOMETRICS-20 STA 304

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

¢ Course Learning Objective(s):

e To develop a deeper understanding of the linear and non-linear model and its limitations.

e To learn how to different develop regression model and apply for the specific perspective data

appropriate manner.

UNIT-I
Simple linear model and assumptions, Least-Squares Estimators and their properties. ML estimation of the
parameters. Statistical Inference and prediction with the simple regression model. Regression analysis versus
Correlation analysis, Regression analysis and ANOVA. Other functional forms of regression models —Log-
linear, Semi log, reciprocal and logarithmic reciprocal models.

(Ch_6 of Text book_1)

UNIT-I11

The general linear model (GLM) and assumptions of the model, ordinary least squares (OLS) and ML
estimation, properties of OLS estimators (Gauss-Markov theorem). The coefficient of determined R? , and
adjusted R2. Inference about regression model, problems of prediction. Linear restrictions-- restricted least
squares. MWD test to choose between linear and log-linear regression models. Chow test for testing the equality
of two regression equations.

(Ch_7,8 of Text book_1).

UNIT-111

The use of dummy variables in multiple regressions. The problem of multi collenearity— nature, sources,
consequences, diagnostics (variance inflation factors and condition index) and remedies (Ridge regression and
principle component regression methods). Aitken’s generalized least squares(GLS) method. (Ch_9,10,110f Text
book 1)

UNIT-IV

The problem of heteroscadesticity— nature, sources, consequences, detection (Glejser Test, Goldfeld-Quandt
test, Breusch-Godfrey Test, Breusch-Pagan-Godfrey Test, White’s test) and remedies. The problem of auto
correlation— nature, sources, consequences, detection (Durbin-Watson d-test and Breusch-Godfrey (LM) Test,)
and remedies (Cochrane-Orcutt iterative procedure, C-O two-step and D-W two-step methods). (Ch_11,12,13 of
Text book_1)

UNIT-V

Non-Linear Regression Models, Qualitative Response Regression Models - The LOGIT (Logistic Regression)
and the PROBIT models. Errors in Variables, Instrumental Variables, Autoregressive and Distributed Lag
models-Koyak, Stock adjustment and partial adjustment models.

(Ch_14, 15, 17 of Text book_1).

%* Course Learning Outcome(s):

* In this course, students will learn the use of different useful tools used in regression analysis. They will
learn about simple and multiple linear regression, non-linear regression and Generalise linear models
(GLM) including logistic regression After learning this course, students will be able to understand the
concept of linear and multiple regression

»  Check for the violations of model assumptions using residual analysis and other statistical tests. And

Understand the problems of multicollinearity, variable selection and how to deal with them.

Text books:

1. Basic Econometrics, Gujarathi, D.N., Porter, D.C. and Gunasekar, S., 5" Edition, 2011, McGrawHill.
2. Econometric Methods, Johnston, J. and DiNardo, J. 4" Ed., 1997, McGrawHill.

Reference Books:

1. Theory of Econometrics, Koutsoyiannis. A, 2"Edition.

2. Econometrics. Maddala, G.S, Kajal Lahir, Kay Maddala, 2010,Wiley

3. Introduction to Linear Regression Analysis, D.C. Montgomery, E.A.Peck, G.G.Vining, 3"Ed., 2015
Wiley.
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SEM-I11
PRACTICAL-I -20 LSTA 305

No. of Hours: 08 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

LIST OF PROBLEMS:

1. Problem on mixture of Exponential distribution

2. Problem on Reliability Series and Parallel configuration

3. Problem on Reliability failure rate and Mean time to failure

4. Problem on Time to failure-Two parameter Weibull distribution

5. Problem on 272 Factorial Experiment

6. Fitting of Balance Incomplete Block Design

7. Fitting of Graeco Latin Square Design

8. Fitting of Split plot Design

9. Problem on Construction of Rotatable Central composite Design or BIBD

10. Problem on Construction of 2 order Rotatable Design using BIBD When r=3

or r<3A or r>3A

11. Problem on Construction of Control charts

12. Problem on Cumulative sum control charts

13. Problem on Single sampling plan

14. Problem on sequential sampling plan for attributes

15. Problem on simple linear regression analysis

16. Problem on Test of significance and confidence interval
17. Problem on Exponential regression model

18. Problem on Chow test

19. Problem on heteroscadesticity - Goldfeld-Quand t test
20. Problem on auto correlation Durbin-Watson d-test
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SEM-I11

OPEN ELECTIVE —-11*-20 OESTA 306

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

* Open Elective-11 is offered by other departments. The student (Min. 50% Students) may opt from the list of Open
Electives approved by the University.
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SEM-1V

No. of Hours: 04
Total Marks: 100

SEM-IV

No. of Hours: 04
Total Marks: 100

SEM-1V

No. of Hours: 04
Total Marks: 100

MOOCS -20 MOSTA 401

Total credits: 04
(Internal: 30M & External: 70M)

ELECTIVE-I-20 ETSTA 402

Total credits: 04
(Internal: 30M & External: 70M)

ELECTIVE-II -20 ETSTA 403

Total credits: 04
(Internal: 30M & External: 70M)
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SEM-IV Elective-I
BIO-STATISTICS-20 ETSTA 402A

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):

- To learn the principal concepts about biostatistics.

« Recognize the definition of statistics, its subject and its relation with the other sciences.

e To learn how to Collect data relating to variable/variables which will be examined and calculate
descriptive statistics from these data.

Unit-1

Clinical Trials: Introduction, Phases of Clinical Trials and Objectives, Phase Trials : zero, I, I, Ill, and IV, The
Clinical Development Plan, Bio-statistical Aspects of a Protocol: Background or Rationale and Objective, Plan
of Study, Study Population, Study Design, Problem Management, Statistical Analysis Section, Study Objectives
as Statistical Hypotheses, Endpoints, Statistical Methods, Statistical Monitoring Procedures, Statistical Design
Considerations, Subset Analyses. (Ch_2 Textbook1)

Unit-11

Study Designs: Types of Study Designs, Classification of Clinical Trials, Designing Phase | Cancer Trials,
Sample Size Determination for Phase 11 Trials and Surveys, Sample Sizes for Other Phase Il Trials, Continuous
Endpoints, Correlation Endpoints, About Simon’s Two-Stage Phase Il Design, Phase Il Designs for Selection,
Continuous Endpoints, Binary Endpoints, Toxicity Monitoring in Phase Il Trials, Sample Size Determination
for Phase Il Trials, Comparison of Two Means, Comparison of Two Proportions, Survival Time as the
Endpoint, Sample Size Determination for Case—Control Studies, Unmatched Designs for a Binary Exposure,
Matched Designs for a Binary Exposure, Unmatched Designs for a Continuous.

(Ch_3 Text book_2)

Unit-111

Statistical analysis in Treatment Comparisons in Clinical Trials, Statistical Models for Treatment Comparisons,
Models for Continuous Endpoints, Student's t-Tests, One-Way Analysis of Variance (ANOVA), Multi-Way
ANOVA: Factorial Design , Multivariate Analysis of Variance (MANOVA), Models for Categorical Endpoints:
Pearson's chi-square test and Contingency Table.(Ch_13 Text book-3)

Unit-1V

Design and Analysis Techniques for Epidemiologic Studies: Introduction, Study Design, Measures of Effect for
Categorical Data, Attributable Risk, Confounding and Standardization Methods of Inference for Stratified
Categorical Data—The Mantel-Haenszel Test, Multiple Logistic Regression, Extensions to Logistic Regression,
Sample Size Estimation for Logistic Regression, Meta-Analysis, Equivalence Studies, The Cross-Over Design,
Clustered Binary Data, Longitudinal Data Analysis, Measurement-Error Methods, Missing Data, Derivation of
100% x (1 — a) CI for the Risk Difference. (Ch_3 Textbook 4)

Unit-V

Survival analysis: Introduction, Life-tables, Follow-up Studies, Sampling errors in the Life-table, the Kaplan-
Meier estimator, the logrank test, Parameteric methods, Regression and proportional-hazards models, Diagnostic
methods. (Ch_17 Text book_5)

s Course Learning Outcome(s):

»  Define the principal concepts about bio-statistics.
+  Collect data relating to variable/variables which will be examined and calculate descriptive statistics from

these data.
Text books:
1. Clinical Trial Data Analysis Using R and SAS, Ding-Geng (Din), Chen, Karl E. Peace, Pinggao Zhang,

2" Edn, 2017, CRC Press, Chapter-2:Unit-|

o

Introductory Biostatistics, Chap T.Le, 2003, Wiley-Interscience, Chapter-12:Unit-11

3. Clinical Trial Data Analysis Using R and SAS, Ding-Geng (Din), Chen, Karl E. Peace, Pinggao Zhang,
2" Edn, 2017, CRC Press, Chapter-3:Unit-I11

Fundamentals of Biostatistics, Bernard Rosner 8" Edn, 2015, Cengage Learning, Chapter-13:Unit-1V
5. Statistical Methods in Medical Research, Armitage, P, Berry G and Mathews J.N.S, 4/¢,2002
Blackwell Scientific Publications, Chapter-17:Unit-V

>
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SEM-1V Elective-I
STATISTICAL PATTERN RECOGNITION-20 ETSTA 402B

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):
After completing this course, the students should be able to:
« Understand basic concepts in pattern recognition

« Understand pattern recognition theories, such as Baye’s classifier, linear

discriminant analysis.
» Apply pattern recognition techniques in practical problems.
UNIT-I
Pattern Recognition as a problem of testing. Error probability. Upper bounds on error
probability. Other hypothesis tests including sequential test. Linear classifiers—Linear
discriminant function for Minimum error, Minimum MSE.
(Ch_2,3,4,5Textbook 1 & Ch_1, 2, 3 Texbook_3)
UNIT-II
Non Parametric decision making — Histograms, Kernel and Window estimators, Nearest
neighbor classification techniques. Adaptive decision boundaries and discriminant functions.
Clustering- Hierarchical clustering and partitioned clustering.
(Ch_5 Text book_2)
UNIT-1
Artifical neural networks — nets with and without hidden layers. Back — progation algorithm,
(Ch-6 Text book_2)
UNIT-IV
Image analysis — Scene Segmentation and labeling, counting objects, perimeter measurement,
projections, least squares and Eigen vector line fitting, shape of regions and Morphological
Operations.
(Ch_8 Text book_2)
UNIT-V
Feature selection and extraction — Distance measures, clustering transformation and feature
ordering, clustering in feature selection, feature selection through entropy minimization.
Binary feature selection—sequential and parallel algorithms.
(Ch_5 Text book_4)

% Course Learning Outcome(s):

This course supports the achievement of the following outcomes:

« Good knowledge of pattern recognition concepts

« Gain knowledge about Artificial Neural networks and Image analysis and algorithms used
in pattern recognition research

« Understand pattern recognition theories in Feature selection and Extraction

« Apply pattern recognition techniques in practical problems

Text books:

1. Introduction to Statistical Pattern Recognition , K. Fukunana, 1990, Academic press.

2. Pattern Recognition and Image Analysis , E.Gose, R. Johnson Baugh and S. Jost, 2015, -PHI.
3. Pattern Recognition and Scene Analysis , R.O. Duda and P.E. Hart 1973, John Wiley.

4. Introduction to Pattern Recognition, M. Friedman, A. Kandel, World Scientific pres
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SEM-1V Elective-I
NUMERICAL METHODS — 20ETSTA 402C

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objectives:

This Course is introduced a broad range of Numerical methods for solving Mathematical
problems that arise in Science and Engineering and helps to choose, develop and apply the
appropriate Numerical techniques for the Mathematical problems.

UNIT-I

Transcendental and Polynomial Equations: Introduction - Bisection method - Iteration
methods based on first degree equation - Secant method - Regula falsi method - Newton
Raphson method - Iteration method based on second degree equation - - Newton Raphson
method.[Above topics are from Chapter-2 of the Text Book]

UNIT-I1I

System Of Linear Algebraic Equation And Eigen Value Problems: Direct methods -
Introduction - Gauss Elimination Method- Gauss — Jordan Method - Triangularisation
method - Iteration Methods- Gauss-Seidel Iteration Method - Eigen values and Eigen
vectors.[Above topics are from Chapter-3 of the Text Book]

UNIT-1I

Interpolation And Approximation: Introduction - Lagrange Interpolation - Newton Divided
Differences - Finite Difference Operators - Gregory- Newton forward difference
interpolation- Backward difference interpolation - Stirling and Bessel interpolation - Hermite
interpolation - Spline interpolation — Approximation - Least Square approximation.[Above
topics are from Chapter-4 of the Text Book]

UNIT-IV

Numerical Differentiation: Introduction — Numerical differentiation: Methods based on finite
differences. [Above topics are from Chapter-5 of the Text Book]

UNIT-V

Numerical integration: Composite integration methods- Trapezoidal rule- Simpsons rules —
numerical solution of ODEs by picard — Euler - Modified Euler — Runge Kutta
methods.[Above topics are from Chapter-6 of the Text Book]

Course Learning Outcome(s):

From this Course Students are able to learn how to apply the Numerical method for various
Mathematical operations and tasks such as Interpolation, Differentiation, Integration, the
solution of Differential Equations analyze and evaluate the accuracy of common Numerical

methods.
Prescribed Text Book:
1.  NumericalMethodsforScientificandEngineeringComputationbyM.K.Jain,S.R.K.lyengar,
R. K. Jain, New Age International (P) Limited, Publishers, 5th Edition.
Reference Book:
1. An Introduction to Numerical Analysis by Kendall E.Atkinson.
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SEM-IV Elective — 11
BUSINESS ANALYTICS, 20 ETSTA 403A

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

% Course Learning Objective(s):
To provide a solid foundation for a career in business analysis

UNIT - |

Introduction to Business Analytics. Data Mining: Introduction, Classification, Prediction,
Data reduction and dimension reduction, data exploration, visualization and preliminary steps
in Data mining. (Chapter 2 Text book)

UNIT — 11

Data Visualization: Basic Charts (Bar, Line, and scatter plots), Distribution plots (Box-plots
and Histograms), Heat-maps (Visualizing correlations and missing values), Multidimensional
Visualization: Adding variables (colour, size, shape, multiple panels and animation) and
Multivariate plot (Parallel coordinates plot). (Chapter 3 Text book)

UNIT — 1

Dimension Reduction: Introduction, summary statistics and pivot tables. Correlation
Analysis, reducing number of categories in categorical variables. Converting categorical
variables to numerical variables. Principal component analysis. Dimension reduction using
regression models, classification and regression trees. (Chapter 4 and 9 Textbook)

UNIT - IV

Logistic Regression: Introduction, Logistic regression model, model with single predictor,
computing parameter estimates. Evaluating classification performance - variable selection,
explanatory power. (Chapter 10 Text book)

UNIT -V

Text Mining: Introduction, Spreadsheet representation of text-Bag of words, pre processing
the text-tokenization, text reduction, presence/absence vs. Frequency, extracting meaning.
Implementing data mining methods. (Chapter 20 Text book)

% Course Learning Outcome(s):
Students will learn-

e Understand the tools and techniques used in Business Analysis Planning and Monitoring

o Apply statistical tools and concepts like moving average, hypothesis testing, ANOVA and
regression, etc.,

Text books:
Data Mining for Business Analytics, Galit Shmueli, Peter C. Bruce, Nitin R. Patel, 2016, John Wiley & Sons,
Inc. Hoboken, New Jersey,
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SEM-1V Elective — 11
ACTUARIAL STATISTICS 20 ETSTA 403B

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

¢ Course Learning Objective(s):

e To learn the life tables used in insurance products.

e To learn the concept of interest, different life insurance products, life annuities, net

premiums.

UNIT-I
Effective Rate of interest- Nominal rate of interest- Force of interest. Effective rate of interest corresponding to
Nominal rate of interest and Force of interest- Accumulation of 1 unit corresponding to the given rate of interest
present value of 1 unit due at the end of n years corresponding to the given rate of interest, effective rate of
discount- Nominal rate of discount — Force of interest varying continuously. (Ch_1,2 of Textbook-2)

UNIT-I11

Definition of Annuity- Present value and Accumulation of an Immediate annuity- Annuity due- Present value
and Accumulation of an Annuity-due-Present value and Accumulation of a Perpetuity and Perpetuity-due-
Increasing and Decreasing Annuities. Annuities where payments are in A.P. Annuities where payments are
made continuously. (Ch_4,5 of Text book_1, Ch_3 of Textbook-2)

UNIT-H

Analysis of Annuity payments- Loan installment- Principal and interest portions of a typical loan installment —
General Expression for principal and interest portion — Purchase price of an annuity net of tax. Independent
annual interest rates, Dependent annual interest rates and simple problems.

(Ch_4,11,21 of Text book_1)

UNIT-1V

Mean and Variance of the accumulation of a single investment, viz E(S n) and V(S n) — Mean and Variance of
the accumulation of a series of investments, viz E(A n )and V(A n )- Mean and Variance of a present value of
unit due at the end of n years, viz E(V n )and

V(Vn).

(Ch_20 of Text book_1)

UNIT-V
Net present value (NPV)- Internal rate of return (IRR)- Interpretation of NPV and IRR- Comparison of two
investment projects- Discounted Payback Period- The effect of inflation on IRR- Money weighted rate of return
(MWRR)- Time weighted rate of return (WRR)- linked internal rate of return (LIRR). (Ch_16,20 of Text
book_1)

%* Course Learning Outcome(s):

«  Be familiar with the role of insurance in society, basic economic theory, and the basics of how insurance
and financial markets operate.

+ Have familiarity with several of the technical tools, computer languages or software packages used
by actuaries.

»  Develop communication, leadership and teamwork skills, and understand their importance in
the actuarialindustry.

+ Beable to apply this knowledge and these skills in new combinations and to new problems.

Text books:

1. Actuarial mathematics , N.L. Bowers, H.U. Gerber, J.C. Hickman, D.A. Jones and C.J. Nesbitt ,1997,
Published , society of Acturarias, Ithaca, Illions, U.S.A. Second Edition1997.

2. Anintroduction to the mathematics of finance : a deterministic approach, S J Garrett; J J McCutcheon;
2013 Oxford : Butterworth-Heinemann is an imprint of Elsevier,2013.
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SEM-IV Elective — 11
TIME SERIES ANALYSIS, 20 ETSTA 403C

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

¢+ Course Learning Objective(s):
e To learn and develop scientific view to understand the time series data and its analysis.

¢ Learn to estimate model parameters and compare different models developed for the same dataset in
terms of their estimation and prediction accuracy.

UNIT - |

Autocorrelation Function and Spectrum of Stationary Processes, Models, Spectral Properties of Stationary
Models,

Linear Stationary Models: General Linear Process, General Linear Process, Autoregressive Processes,
Moving Average Processes, Mixed Autoregressive--Moving Average Processes, (Ch_2,3 Text book_1)

UNIT - 11
Linear Non stationary Models: Autoregressive Integrated Moving Average Processes, Three Explicit Forms
for the ARIMA Model, Integrated Moving Average Processes, (Ch_4 Text book_1)

UNIT - 111

Forecasting: Minimum Mean Square Error Forecasts and Their Properties, Calculating Forecasts and
Probability Limits, Forecast Function and Forecast Weights, Examples of Forecast Functions and Their
Updating, Use of State-Space Model Formulation for Exact Forecasting, (Ch_5 Text book_1)

UNIT - IV
Model Identification: Objectives of Identification, Identification Techniques, Initial Estimates for the
Parameters, Model Multiplicity (Ch_6 Text book 1)

UNIT -V

Parameter Estimation: Study of the Likelihood and Sum-of-Squares Functions, Least- Squares Estimates,
Nonlinear Estimation, Some Estimation Results for Specific Models, Likelihood Function Based on the
State-Space Model, Estimation Using Baye’s Theorem (Ch_7 Text book_1)

+* Course Learning Outcome(s):
By the end of this Programme, the students will be able to:

*  Understand time series with different structures.
*  Understand trend, seasonality, cyclical irregularity.
* Understand and interpret different forecasting models

Text books & E-Book:

1. Time Series Analysis - Forecasting and control, Box, G. E. P., G M Jenkins, G.C. Reinsel and G.M.Ljung,
5" Edn, 2016, WileySeries.

Reference Text books

1. Forecasting and Time Series Analysis, Montgomery, C L Jennings &Murat K, Wiley serices

2. Introduction to Time Series Analysis, Fuller, W. A., , 1976, John Wiley,NY.

3. The Advanced Theory of Statistics, Kendall, Stuart, A. and Ord, J. K., Vol .3, 1977, Charles-Griffin,
London.

4. Forecasting an Time Series Analysis. Montgomery, D.C. and Johnson, L.A. 1977, McGrawHill.
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SEM-1V
OPERATIONS RESEARCH- 20 STA 404

No. of Hours: 04 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

¢ Course Learning Objective(s):
¢ To develop the optimization techniques that will be useful in the personal and professional life.
¢ To learn the mathematical formulation of complex decision-making problems and arrives at optimal
or near-optimal solutions using different techniques of operations research.

UNIT-I

Games as decision problems, Two-person Zero-Sum game, Pure and mixed Strategies, maximum criterion,
dominance, minimax theorem. Solutions of 2X2 , 2Xm, nX2 games and 3X3 games (using simplex algorithm).
(Ch_19 in unit-4 of Text book 1)

UNIT-11

Inventory control, Purchase model with instantaneous replenishment and without shortages, Manufacturing
model without shortages, Purchase model with instantaneous Replenishment and with shortages.
Manufacturing model with shortages, Operation of inventory system, Quantity Discount (Price breaks) -
Purchase Inventory Model with one price break, two price breaks and any number of price breaks. (Ch_20,21
in unit-4 of Textbook 1)

UNIT-111

Queueing models-Characteristics of Queueing Systems, Classification of Queues. Steady- state solution of
M/M/1//FCFS, M/M/1/N/ECES, M/E/1 models and M/G/1 queue- length Pollazek-Khinchine result. (Ch_23
in unit-4 of Text book_1)

UNIT-IV

Replacement and maintenance analysis-Types of maintenance, Types of replacement problem, Determination
of economic life of an asset: Basics of interest formulae: Present- worth factor (P/F, i, n), Equal payment series
capital recovery factor (A/P,i,n). Simple probabilistic model for items which completely fail. (Ch_22 in unit-4
of Text book_1)

UNIT -V

Integer Linear programming: Introduction, Importance, Gomory’s cutting plane method: Construction,
Algorithm, Computational demonstration, Short-cut method. Branch bound method: Algorithm, computational
demonstration. Application of Integer programming (Ch_10 in unit-2 of Text book 1)

*

** Course Learning Outcome(s):

By the end of this Programme, the students will be able to:

¢ Understand basic concepts of Liner Programming problems

¢  Gain knowledge about Graphical, simplex etc., problem and solutions.

¢ Understand basic concepts of Transportation and assignment models and will be able to write
and solutions.

Text books:
1. Operations Research., Sharma, S.D., Kedar Nath Ram Nath & Co., Publishers

Reference books

1. Introduction to Operations Research. Hillier, F.S. and Leiberman,2017, G.J. ,HoldenDev.

2. Operations Research Theory and Applications, Sharma, J.K.,2003,. Macmillan, India.

3. Operations Research, Kanti Swarup, Gupta, P.K. and Man Mohan , 1985, Sultan Chand andSons.
4. Operations Research: An Introduction, Taha, H.A.1982,Macmillan.
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SEM-1V

PRACTICAL -1-20 LSTA 405

No. of Hours: 08 Total credits: 04
Total Marks: 100 (Internal: 30M & External: 70M)

LIST OF PROBLEMS:
Problem on finding optimal Strategies.

Problem on Dominance principle

Problem on Graphical Method of 2*N Game

Problem on Graphical Method of M*2Game

Problem on Linear programming problem

Problem on Production rate model with finite rate of replenishment
Problem on purchase inventory model with one and two price breaks
Problem on M/M/1:(o0/FIFO) & M/M/1:(N/FIFO) Queuing System
Problem on M/E/1:(w/FCFS) & (M/G/1:(0w/GD) Queuing System

. Solve the integer programming by using Gomory’s cutting plane method

© o N o o k~ 0w bdoE

e
_ O

. Solve the integer programming by using Branch bound method

12..
13..
14.. Concept from MOOCS
15..

16..
17..
18.. Concept from Elective -1
19..

20..
21..
22.. Concept from Elective -11
23..
SEM-1V
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SEM-1V
SEMINAR-20 SMSTA406

No. of Hours: 08 Total credits: 04
Total Marks: 100 (Internal: 50M & External: 50M)

The student will be given seminar topics at the beginning of the IV semester by faculty
In-charge and the student has to present the topics, submit the hard copy of seminar topic
report at the end of the IV semester. Out of a total of 100 marks, for the Seminar
Evaluation, 50 marks shall be for Seminar report/record and 50 marks for the End
Semester Examination (Viva-voce). The Viva- Voce shall be conducted by a committee
consisting of HOD, faculty in charge and a senior faculty member/external examiner
nominated by the university.



KRISHNA UNIVERSITY, MACHILIPATNAM - 521 003
M.Sc., Statistics

SEMESTER - |
[w.e.f. 2020 — 21 Admitted Batch]
[Question paper pattern for semester end (External) examination]

THEORY OF ESTIMATION - 20 STA 102
Time : 3Hours Total Marks:70
Answer ALL questions: (10 X 2=20Marks)
1. a) Define Sampling Distribution & Standard Error and its Utility.

b) Explain about problem of Point Estimation

c) State and Prove Lehman-Scheffe Theorem

d) Explain Concepts of Unbaisedness & MVUE

e) Explain about Minimum Mean Square Error Estimator

f) Explain about Asymptotic Relative Efficiency

g) Describe the Method of Moments for Estimating the Parameters

h) Explain the concept of Percentile Estimation

i) Explain the concept of Confidence intervals using Pivots

j) Explain the concepts of Loss function and Risk function

Answer FIVE Questions Choosing One Question from Each Unit. All Questions Carry

Equal Marks (5 X 10 =50Marks)
UNIT-I
2. A) State and Prove Factorization Theorem
(OR)

B) Define Sufficiency, using the definition of Sufficiency obtain a sufficient
estimator for the poisson parameter

UNIT-1I
3. A) State and Prove Crammer-Rao Inequality. Obtain the condition for equality in
it.
(OR)

B) State and Prove Rao-Blackwell Theorem. Let X; X5,X3,...X, be the n
independent random variables such that for any i, P(X;=r)=P(1-P)', 1=0,1,2,...;
0<P<1
UNIT-I1I
4. A) Explain UMVUE. State and Prove necessary condition for the existence of
Consistent Estimator
(OR)
B) Explain CAN,CUAN Estimators with suitable examples
UNIT-IV
5. A) Explain Minimum y? and modified Minimum %2 methods of estimation and
compare them with Maximum Likelihood method of estimation
(OR)
B) Explain the Method of Moments. Let X3 X3,Xs,...X, be a random sample from a
distribution with pmf fN(x):lN, x=1,2,....N. Obtain the M.L. Estimator of N
UNIT-V
6. A) Discuss the Relation between Interval Estimation and Testing of Hypothesis.
Let X3 X3,Xs,...Xnbe a random sample from N(u , 62) where c2is known.
Obtain UMAU confidence set for 6.
(OR)
B) What is a Confidence interval? Write short notes on shortest confidence
interval with suitable examples.



KRISHNA UNIVERSITY, MACHILIPATNAM - 521 003
M.Sc., Statistics

SEMESTER - IV
[w.e.f. 2020 — 21 Admitted Batch]
[Question paper pattern for semester end (External) examination]

DISTIBUTION THEORY - 20 STA 103

Time : 3 Hours Total Marks:70
Answer ALL questions: (10 X 2=20Marks)

1.

Define Random variable
Distribution function
Compound Binomial
Truncated Poisson
Pareto Distribution
Weibull Distirbuion
Sampling Distribution

F distribution

Order Statistics

—STQ@ P o0 o

J-  Rectangular Distribution

Answer FIVE Questions Choosing One Question from Each Unit. All Questions Carry
EqualMarks (5 X 10 =50Marks)

2

UNIT-I
A)Define the characteristic function of a random variable. Show that the
characteristic function of sum of two independent random variables is equal to the
product of their characteristic functions.

(OR)

B) Define the distribution function of a random variable and mention its
Properties.

UNIT-I1I

A) Define Multinomial distribution and obtain its Mean and Variance.
(OR)
B) Obtain the p.d.f. of a compound binomial distribution.
UNIT-I1

A) Define Pareto distribution and find its mean and variance.
(OR)
B) Define Laplace distribution. Hence obtain its mean and variance.
UNIT-IV

A) Obtain Student’s t-distribution. What are the uses of t-distribution?
(OR)
B)Define Chi-square distribution. Establish its reproductive property.
UNIT-V

A) Define the maximum and minimum order statistics. Derive the distribution of
r'™ order statistic.
(OR)

B) Obtain the joint p.d.f. of r™ and s™ order statistics. Derive the distribution of range.



