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The syllabus for the Graduate Program in Statistics covers the requisite courses for the following degrees:
1. Masters (General) and Masters (Thesis)
2. Masters of Philosophy (MPhil)
3. Doctor of Philosophy (PhD)

1. Masters (General) and Masters (Thesis) Programs
	The courses for Masters (General) in Statistics are spread over two semesters – the first semester offer 14 credit courses and the second semester also offer 14 credit courses. The courses for Masters (Thesis) in Statistics are spread over three semesters with 14 credit courses in Semester – I, 14 credit courses in Semester – II and 8 credits research course in Semester – III. A student of Masters (General and Thesis) will have to take all the courses of Semester – I; any four theory courses of Semester – II including corresponding Labs and Viva-voce (Course No. STA500B). A student of Masters (Thesis) will have to complete Semester – III to carry out their research work. Selection of optional courses of Semester – II must be approved by the Graduate Studies Committee (GSC) and choice of Thesis Group students will be made by the GSC.  A student must complete 28 credits for the Masters (General) degree and 36 credits for the Masters (Thesis) degree. Following are the courses:

Semester – I
	Course No.
	Course Title
	Hours/Week
(Theory + Lab.)
	Credits

	STA511
	Advanced Statistical Inferences
	2+0
	2.0

	STA511L
	Advanced Statistical Inferences Lab
	0+2
	1.0

	STA512
	Advanced Multivariate Analysis
	2+0
	2.0

	STA512L
	Advanced Multivariate Analysis Lab
	0+2
	1.0

	STA513
	Time Series Analysis
	2+0
	2.0

	STA513L
	Time Series Analysis Lab
	0+2
	1.0

	STA514
	Actuarial Statistics
	2+0
	2.0

	STA514L
	Actuarial Statistics Lab
	0+2
	1.0

	STA500A
	Presentation and Viva-voce
	0+0
	2.0

	
	Total
	7+10
	14.0



Semester – II (four from the following courses)
	Course No.
	Course Title
	Hours/Week
(Theory + Lab.)
	Credits

	STA521
	Econometrics
	2+0
	2.0

	STA521L
	Econometrics Lab
	0+2
	1.0

	STA522
	Advanced Biostatistics
	2+0
	2.0

	STA522L
	Advanced Biostatistics Lab
	0+2
	1.0

	STA524
	Advanced Demography 
	2+0
	2.0

	STA524L
	Advanced Demography Lab
	0+2
	1.0

	STA525
	[bookmark: _Hlk62160341]Advanced Generalized Linear Models
	2+0
	2.0

	STA525L
	Advanced Generalized Linear Models Lab
	0+2
	1.0

	STA526
	Bioinformatics 
	2+0
	2.0

	STA526L
	Bioinformatics Lab
	0+2
	1.0

	STA527
	Advanced Probability Theory
	3+0
	3.0

	STA528
	Environmental Statistics
	2+0
	2.0

	STA528L
	Environmental Statistics Lab
	0+2
	1.0

	STA529
	Data Mining 
	2+0
	2.0

	STA529L
	Data Mining Lab
	0+2
	1.0

	STA530
	Categorical Data Analysis
	2+0
	2.0

	STA530L
	Categorical Data Analysis Lab
	0+2
	1.0

	STA500B
	Presentation and Viva-voce
	0+0
	2.0

	
	Total
	
	14



Semester – III
	Course No.
	Course Title
	Hours/Week
(Theory + Lab.)
	Credits

	STA599
	Thesis
	---
	8.0





Detailed Syllabus

STA511 Advanced Statistical Inferences
Theory: 2 Hours/Week 2.0 Credits

Point estimation: classical approach, sufficiency and completeness, minimal sufficient statistic & ancillary statistics. Different methods of obtaining UMVUE. Rao-Blackwell theorem and Lehmann-Scheffe theorem. Asymptotic properties of maximum likelihood estimators. Fisher’s information. 
Bayesian approach: conjugate family of prior densities, vague prior knowledge. Loss function (symmetric and asymmetric loss function) and risk function, Bayes’ risk, Bayes’ estimation. 
Location and scale invariance, Pitman estimator for location and scale parameters.
Robust estimation: robust L-M-R -estimations, estimation of the parameters using Huber  function.
Interval estimation: central and non-central confidence intervals. General method of finding confidence intervals. Confidence interval for large samples. Joint intervals for several parameters. Bayesian interval.
Non-parametric estimation: kernel density estimation and regression function estimation, non-parametric maximum likelihood method.
Test of hypothesis: unbiasedness and consistency of tests. Principles of LR test and its applications. Asymptotic distribution of LR statistic. Sequential probability ratio test. Comparison with fixed sample size test. OC function. ASN function. 

Books Recommended:       
Main Text:
1. Casella G & Berger R L, Statistical Inference, 2nd Ed, Duxbury Thomson Learning, USA
Reference Books:
1. Barnet V, Comparative statistical inference, 3rd Ed, Wiley, NY
2. Beaumont G P, Intermediate Mathematical Statistics, 8th Ed, Chapman and Hall, London
3. Blackwell D A & Girshick M A, Theory of Games and Statistical Decision, Dover Publications, NY
4. Chernoff H & Moses L E, Elementary Decision Theory, Dover Publications, NY
5. Conover W J, Practical Nonparametric Statistics, 3rd Ed, Wiley, USA
6. Gibbons J D & Chakraborti, Nonparametric Statistical Inference, Chapman and Hall, NY
7. Hogg R V & Tanis E A, Probability and Statistical inference, 5th Ed, Prentice Hall, NY
8. Larson H J, Introduction to Probability Theory and Statistical Inference, 3rd Ed, Willy NY
9. Lehman L E, Testing Statistical Hypothesis, 2nd Ed, Springer, NY
10. Lehman L E, Theory of Point Estimation, 2nd Ed, Springer, NY
11. Mood A M, et al, Introduction to The Theory of Statistics, 3rd Ed, McGraw Hill, NY
12. Rao C R, Linear Statistical Inference and Its Applications, 2nd Ed, Wiley, NY
13. Saxena H C & Surendran P U, Statistical Inference, 3rd Ed, S Chand & Company, India
14. Siegel S & Cartellan N J, Nonparametric Statistics for the Behavioral Sciences, 2nd Ed, McGraw Hill, NY
15. Wald A, Sequential Analysis, Reprint Ed, Wiley, NY
16. Weiss L, Statistical Decision Theory, McGraw Hill, NY
17. Zacks S, Theory of Statistical Inference, 1st Ed, Wiley, NY

STA511L Advanced Statistical Inference Lab
Lab: 2 Hours/Week, 1.0 Credit

Estimation of parameters (with estimated standard error) by different methods under classical and Bayesian approaches, construction of confidence interval and Bayesian interval, power function and power curves, SPRT, OC function, ASN. 

STA512 Advanced Multivariate Analysis
Theory: 2 Hours/Week, 2.0 Credits

Distributional methods:
Tests for covariance and correlation patterns and multivariate normality. Simulation of multivariate normal variate.
Principal component analysis: Derivation of components, choosing principal components, properties, large sample inferences.
Factor analysis: explanatory and confirmatory factor analysis, factor models, estimation, loadings and communalities, factor rotation and factor scores.
Canonical correlation analysis: canonical variates and canonical variate analysis, canonical correlations, population canonical variables, sample canonical variables.
Discrimination and classification: separation and classification for two populations, classification functions, Fisher’s discriminant function, Fisher’s method for discrimination.
Multivariate Bayesian regression. Multivariate mixture model.
Distribution free methods:
Similarities and dissimilarities: concept, uses in multivariate analysis.
Independent component analysis (ICA).
Multidimensional scaling: principal coordinate analysis, metric and non-metric multidimensional scaling, goodness of fit.
Cluster analysis: hierarchical and nonhierarchical clustering methods.
Correspondence analysis: basic concepts and definitions, reduction of dimensionality and its criteria, interpretation.

Books Recommended:      
Main Text: 
1. Johnson R A & Wichern D W, Applied Multivariate Statistical Analysis, 6th Ed, Prentice Hall, New Jersey
Reference Books:
1. Afifi A, et al, Practical Multivariate Analysis, 5th Ed, CRC Press, NY
2. Anderson T W, An Introduction to Multivariate Statistical Analysis, 3rd Ed, John Wiley, NY
3. Bhuiyan K C, Multivariate Analysis, Central Publications, Bangladesh
4. Chatfield C & Collins A J, Introduction to Multivariate Analysis, Springer, London
5. Krzanowski W J, Principles of Multivariate analysis: A User’s Perspective, Revised Ed, Oxford University Press, USA
6. Manly B F J, Multivariate Statistical Methods – A Primer, 3rd Ed, Chapman and Hall, London
7. Mardia K V, et al, Multivariate Analysis, 7th Ed, Academic Press, NY 
8. Morrison D F, Multivariate Statistical Methods, 4th Ed, Duxbury Press, USA
9. Neil H. Timm, Applied Multivariate Analysis, Springer
10. Rencher A C, Methods of Multivariate Analysis, 2nd Ed, John Wiley & Sons, USA

STA512L Advanced Multivariate Analysis Lab
Lab: 2 Hours/Week, 1.0 Credit

Lab syllabus will be as instructed by the corresponding course teacher.

STA513 Time Series Analysis
Theory: 2 Hours/Week, 2.0 Credits

Introduction: objectives of time series analysis, approaches to time series analysis, some descriptive techniques, examples.
Stationary time series models: autoregressive processes, moving average processes, the dual relationship between AR(p) and MA(q) processes, autoregressive moving average ARMA(p,q) processes.
Nonstationary time series models: non-stationarity in the mean, autoregressive integrated moving averages ARIMA models, non-stationarity in the variance and the autocovariance. 
Forecasting:  introduction, minimum mean square error forecasts, computation of forecasts, the ARIMA forecast as a weighted average of previous observations, updating forecasts, eventual forecast functions.
Model identification:  steps for model identification, inverse autocorrelation function (IACF), extended sample autocorrelation function and other identification procedures. 
Parameter estimation, diagnostic checking, and model selection: the method of moments, maximum likelihood method, non-linear estimation, ordinary least squares (OLS) estimation, diagnostic checking, model selection criteria. 
Spectral theory of stationary processes: basic concept of Fourier series, the spectrum, the spectrum of some common processes, the spectrum of linear filters, aliasing. Estimation of the spectrum: periodogram analysis, the sample spectrum, the smoothed spectrum, ARMA spectral estimation. 
State-space models and the Kalman filter: introduction, the relationship between state space and ARMA models, state space model fitting and canonical correlation analysis, the Kalman filter. 

Books Recommended:    
Main Text:
1. Brockwell P J & Davis R A, Introduction to Time Series and Forecasting, 2nd Ed, Springer, USA
Reference Books:   
1. Basu A K, Introduction to Stochastic Process, Alpha Science International Ltd, UK
2. Box G E P, et al, Time Series Analysis: Forecasting and Control, 4th Ed, Wiley, NY
3. Chatfield C, The Analysis of Time Series: An Introduction, 6th Ed, Chapman and Hall, NY
4. Fuller W, Introduction to Statistical Time Series, 2nd Ed, John Wiley & Sons, NY
5. Makridakis S, Forecasting: Methods and Applications, 33rd Ed, John Wiley and Sons, NY
6. Wei W W S, Time Series Analysis: Univariate and Multivariate Methods, 2nd Ed, Addison-Wesley, UK

STA513L Time Series Analysis Lab
Lab: 2 Hours/Week, 1.0 Credit

The detail syllabus will be prepared by the course teacher.

STA514 Actuarial Statistics
Theory: 2 Hours/Week, 2.0 Credits

Basic concepts: introductory concepts of actuarial science – nature and type of insurance, risk transfer concepts, claim management including handling, loss adjusting, aggregation, settlement, claims information system and reporting, reinsurance – definition, purpose, advantages and disadvantages. Models for individual claims and their sums, survival function, curate future lifetime, force of mortality.
Premiums: premiums, general premiums, natural premiums, office premiums, loading for expenses, with profit and without profit premiums, adequacy of premiums, relative consistency.
Life insurance: insurance payable at the moments of death and at the end of the year of death-level benefit insurance, endowment insurance, differed insurance and varying benefit insurance recursions, commutation functions.
Actuarial models: survival models – models, estimating the lifetime distribution Fx(t), Cox regression model, Markov models.
Probability models: multiple decrement models, deterministic and random survivorship groups, associated single decrement tables, central rates of multiple decrement, net single premium and their numerical evaluations. Distribution of aggregate claims compounds Poisson distribution and its applications.
Applied actuarial statistical methods: decision theory, loss distribution, run off triangles and experience rating systems. Introduction to generalized linear models, risk models, ruin theory, credibility theory – estimation of credibility with Bayesian and non-Bayesian technique. 
Loss model: models for loss severity, macro methods of run-off analysis, chain-ladder, least squares, separation, payment per claim incurred. 

Books Recommended: 
Main Text:
1. Atkison D B & Dallas J W, Life Insurance Products and Finance: Charting a Clear Course, Society of Actuaries
2. Jordan C W, Life Contingencies, 2nd Ed, Society of Actuaries, Illinois, USA
Reference Books:       
1. Benjamin B & Pollard J H, Analysis of Mortality and Other Actuarial Statistics, 2nd Ed, Heinemann, London
2. Bowers N L, et al, Actuarial Mathematics, 2nd Ed, Society of Actuaries, Illinois, USA
3. Donald D W A, Compound Interest and Annuities, Heinemann, London
4. Federation of Insurance Institutes Study Courses: Mathematical Basis of Life Assurance, Federation of Insurance Institutes, Bombay
5. Gerber H U, Life Insurance Mathematics, 3rd Ed, Springer, Verlag, Germany
6. Klugman S A, et al, Loss Models: from Data to Decisions, 3rd Ed, Wiley, NY
7. Neill A, Life Contingencies, Heinemann
8. Panjer H H, Financial Economics: With Applications to Investments, Insurance and Pensions, The Actuarial Foundation
9. Spurgeon E T, Life Continuances, Cambridge University Press, UK

STA514L Actuarial Statistics Lab
Lab: 2 Hours/Week, 1.0 Credit

The Syllabus of the course will be designed by the corresponding course teacher.

STA521 Econometrics
Theory: 2 Hours/Week, 2.0 Credits

Dynamic econometric model: lagged variables, autoregressive and distributed lag-models, Koyck approach to distributed lag-model.
Models of simultaneous relationships: simultaneous-equation models, structural and reduced form models, recursive model, identification problem, instrumental variable, ILS, 2SLS and 3SLS methods of estimation.
Estimating the parameters of a set of error related economic relations: a seemingly unrelated regressions (SUR) model and its estimation, combining time-series and cross-sectional data.
Time series econometrics: stationarity, unit root tests, spurious regression, co-integration and error correction mechanism, vector autoregressive (VAR) models, estimation of VAR models, vector error correction (VEC) model, granger causality, ARIMA with intervention, SARIMA, ARCH, GARCH, EGARCH, IGARCH, TARCH models.
Nonlinear least squares: nonlinear models, principles of nonlinear least squares estimation, properties of the non-linear least squares estimator.

Books Recommended:
Main Text: 
1. Johnston J & DiNardo J, Econometric Methods, 4th Ed, McGraw Hill, NY

Reference Books:
1. Koutsoyiannis A, Theory of Econometrics, 2nd Ed, Macmillan, London
2. Enders W, Applied Econometric Time Series, John Wiley & Sons, NY
3. Gregory C, Econometrics, McGraw Hill, NY 
4. Griffiths W E, et al, Learning and Practicing Econometrics, John Wiley & Sons, NY
5. Gujarati D N, Basic Econometrics, 4th Ed, McGraw Hill, NY
6. Judge G G, et al, Introduction to the Theory and Practice of Econometrics, 2nd Ed, John Wiley & Sons, NY
7. Kmenta J, Elements of Econometrics, 2nd Ed, Macmillan, NY
8. Maddala G S, Introduction to Econometrics, 2nd Ed, Prentice Hall, Sydney
9. Pindyck R S, & Rubinfeld D L, Econometric Models and Economic Forecasts, 3rd Ed, McGraw Hill, NY

STA521L Econometrics Lab 
Lab: 2 Hours/Week, 1.0 Credit

Fitting distributed lag models, detecting autocorrelation in distributed lag models, identification problem, fitting of simultaneous-equation models using ILS and 2SLS methods, tests of stationarity, estimating cointegration regression, fitting of ARIMA, ARIMA with intervention, SARIMA, ARCH, GARCH, EGARCH, IGARCH, TARCH models.

STA522 Advanced Biostatistics 
Theory: 2 Hours/Week, 2.0 Credits 

Survival data: Review of survival data including censoring and truncation.
Review of nonparametric survival methods: estimation of survival function, hazard function, reduced sample method, Kaplan-Meier or product limit method, actuarial method, estimation and standard error. Gehan test, Mantel-Haenszel test, Kruskal-Wallis test.
Review of Parametric survival methods: likelihood construction for censored and truncated data, inference procedures for exponential, gamma, Weibull, log-normal and extreme value distributions for complete and censored data. Accelerated life tests: fitting accelerated failure time models and interpretation of results.
Cox proportional hazards (PH) models: proportional hazards models, application and limitations, conditional, marginal and partial likelihoods. Diagnostics procedure for the Cox PH model.
Competing risks theory: concepts, crude, net, partial crude probabilities, their interrelationships and estimation. Application of competing risks to current mortality data.
Correlated survival data: Basic concept of correlated survival data and frailty model
Advanced models: Estimation and test of hypotheses: Logistic and Loglinear models; Linear and generalized linear mixed models (LMM, GLMM), and Generalized estimating equations (GEE).
Clinical trials (Randomized Controlled Trial, RCT): Concept of RCT, objectives, protocol of clinical trials, randomization, blinding, bias, error, sample size and power, parallel, crossover, sequential design and pragmatic trial. Drug trials: phase I, phase II, phase III and phase IV.

Books Recommended:
Main Text: 
1. Kleinbaum, David G., Klein, Mitchel (2005), Survival Analysis: A Self-Learning Text, 3rd Edition, Springer-Verlang, NewYork.
1. Xian Liu (2012), Survival Analysis: Models and Applications, Wiley.
1. Lawless J F, Statistical Models and Methods for Lifetime Data, 2nd Ed, John Wiley & Sons, NY
1. Kleinbaum D G, et al, Epidemiologic Research: Principles and Quantitative Methods, Wiley & Sons, NY

Reference Books: 
1. Altman D G, Practical Statistics for Medical Research, 1stEd, Chapman and Hall/CRC, NY
1. Collett D, Modelling Survival Data in Medical Research, 2ndEd, Chapman and Hall, Florida
1. Cox D R & Oakes D, Analysis of Survival Data, Reprint Ed, Chapman and Hall/CRC, NY
1. Dobson A J, An Introduction to Generalized Linear Models, 3rdEd, Chapman and Hall, UK
1. Elandt-Jhonson R C &Jhonson N L, Survival Models and Data Analysis, Wiley, NY
1. Johnson R C E & JohnsonN L, Survival Models and Data Analysis, Wiley, NY
1. Kalbfleisch J D & Prentice R L, The Statistical Analysis of Failure Time Data, 2ndEd, Wiley & Sons, USA
1. Klein J P &MoeschbergerM L, Survival Analysis: Techniques for Censored and Truncated Data, 2ndEd, Springer
1. Lee E T, Statistical Method for Survival Data Analysis, 3rdEd, Wiley & Sons, NY
1. McCullagh P &NelderJ A, Generalized Linear Models, 2ndEd, Chapman and Hall/CRC, NY
1. Piantadosi S, Clinical trials: A Methodological Perspective, 2ndEd, Wiley, NY

STA522L Advanced Biostatistics Lab
Lab: 2 Hours/Week, 1.0 Credit

Nonparametric methods: reduced sample, actuarial and product-limit methods, estimation and tests. 
Fitting of parametric models with complete and censored samples: exponential, gamma, Weibull distributions, graphical methods for survival distribution, estimation and tests, goodness of fit tests. 
Competing risks: estimation of crude, net and partial crude probabilities, application of competing risks to current mortality data. 
Application of i) Logistic and Poisson regression, ii) Proportional hazards models iii) Linear and generalized linear mixed model (LMM and GLMM) and iv) Generalized estimating equation (GEE).

STA524 Advanced Demography
Theory: 2 Hours/Week, 2.0 Credits

Fertility: indirect method of estimation viz P/F ratio method, parity progression ratio, Gompertz model. Bongaart`s proximate determinants of fertility and estimation of its indices. Fecundability: types and methods.
Morbidity and mortality: basic concepts of morbidity and its different measures. Mathematical models in mortality. Graduation of mortality curves.
Life table: UN model life tables, Coale-Demeny model life table. Brass-logit life table system. Sampling distribution of life table functions. Estimation of survival probability by the method of maximum likelihood. 
Stable population theory: concept of stable, semi stable and stationary population. Stable age distribution. Interrelationships of demographic variables in stable population. Intrinsic rate of natural increase. Mean length of generation. Lotka’s integral equation and solution for intrinsic rate of growth. 
Aging: concept of aging, types of aging, population aging: concepts and socio-economic implication. Conventional measures, population momentum and aging.  
Population projection: computational procedure for projecting population by component method. Development of Leslie projection matrix, forward and backward operation of population projection. 
Some demographic models: nuptiality models – Coale’s parameters of nuptiality, Coale-McNicol model.
Migration models – push-pull hypothesis, Ravenstein’s seven laws of migration.

Books Recommended:       
Main Text:     
1. Biswas S, Stochastic Processes in Demography and Applications, Wiley Eastern, India
2. Preston S H, et al, Demography: Measuring Population Process, Blackwell Publishers, USA 
Reference Books:
1. Barclay G W, Techniques of Population Analysis, John Wiley & Sons, NY
2. Bouge D J, Principles of Demography, John Wiley & Sons, NY
3. Coale A J & Demny P, Regional Model Life Tables and Stable Population, Princeton University Press, NY
4. Cox D R, Demography, Cambridge University Press, Cambridge
5. Journals of, Population Studies, Demography, Population and Development Review, Studies in family planning, ESCAP Population Journal, GENUS, Biosocial Science, Journal of Family Welfare
6. Keyfitz, N, Applied Mathematical Demography, John Wiley & Sons, NY
7. Keyfitz, N, Introduction to the Mathematics of Population, John Wiley & Sons, NY
8. Pollard J H, Mathematical Models for the Growth of Human Populations, Cambridge University Press, Cambridge
9. Rogers A, Introduction to Multi-Regional Mathematical Demography, Wiley Inter science, NY
10. Shryock H & Siegel J, The Method and Materials of Demography, Academic Press, NY
11. UN publications, Manual IV and Manual X, Population Bulletins, Population Debate
12. UNFPA, Population Research Methodology, Volumes: 1-10, Chicago

STA524L Advanced Demography Lab
Lab: 2 Hours/Week, 1.0 Credit

Application of various indirect techniques for estimating fertility, mortality, marriage and migration. Problems and issues related to population growth. Problem of construction of abridged life table, un model life table. Projection of fertility and mortality, population projection, application of UN model life table in population projection. Application of various measures of aging.

STA525 Advanced Generalized Linear Models
Theory: 2 Hours/Week, 2.0 Credits

Introduction to the concepts of modeling, model fitting: examples, some principles of statistical modeling (exploratory data analysis), model formulation, parameter estimation, residuals and model checking). Estimation and tests based on specific problems.
Sampling distribution for score statistics linear models (Bernoulli, binomial, Poisson, exponential, gamma, normal, etc)
Properties of distributions in the exponential family, expected value, variance, expected value and variance of score statistic, examples for various distributions.
Components of generalized linear models- random, systematic and link functions, Poisson regression. 
Maximum likelihood estimation using chain rules, random component, mean and variance of the outcome variable, variance function, dispersion parameter, applications
Systematic component and link function: identify link, logit link, log link, parameter estimation score function and information matrix, estimation using the method of scoring, iteratively reweighted least squares 
Inference procedures, deviance for logit, identify, log link functions, scaled deviance, sampling distributions, hypothesis testing.
Generalized Pearson chi-square statistic, residuals for glm, Pearson residual, Anscombe residuals
Logit link function, iteratively reweighted least squares, tests; nominal and ordinal logistic regression.
Goodness of fit tests, Hosmer-Lemeshow test, pseudo R square AIC and BIC.
Quasi likelihood, construction of quasi likelihood for correlated outcomes, parameter estimation, variance-covariance of estimators, estimation of variance function.
Quasi likelihood estimating equations, generalized estimating equations for repeated measures data, repeated measures models for normal data, repeated measures models for non-normal data, working correlation matrix, robust variance estimation or information sandwich estimator, hypothesis testing.
Comparison between likelihood and quasi likelihood methods, mixed effect models.

Books Recommended:
Main Text:
1. Dobson A J & Barnett A G, An Introduction to Generalized Linear Models 4th Edition, Chapman and Hall, NY
Referance Books:
1. Collette, D, Modelling Binary Data, 2nd Ed, Chapman and Hall, UK
2. Hosmer D W & Lemeshow S, Applied Logistic Regression, 2nd Ed, Willey, NY
3. McCullagh P & Nelder J A, Generalized Linear Models, 2nd Ed, Chapman and Hall, NY

STA525L Advanced Generalized Linear Models Lab
Lab: 2 Hours/Week, 1.0 Credit

The Syllabus of the courses will be designed by the corresponding course teacher.

STA526 Bioinformatics 
Theory: 2 Hours/Week, 2.0 Credits

Introduction to molecular biology of the cell: DNA, RNA, chromosome, gene and central dogma. Basic concepts of protein and metabolism.
Statistical methods for gene expression (transcriptomics) data analysis: introduction to microarrays and microarray data, image analysis, preprocessing: transformation and normalization. Identification of differential expressed genes in two or more groups using statistical tools: fold change, t-test, ANOVA. Uses of several bioconductor packages in r program, e.g. SAM, LIMMA etc. Multitest problems, remedial measures: the family-wise error rate (FWER) and the false discovery rate (FDR). Concepts of q-value. Introduction of RNA-seq data and its analytical procedures. Discuss statistical methods for protein and metabolomics data analysis
Gene clustering and classification. Inferring genetic regulatory networks from microarray experiment with Bayesian networks. Modeling gene expression profile, clustering time course data using k-means, stem (short time series expression miner) algorithm and principal component analysis (PCA).
Integration of molecular datasets: basic concepts of integrating multi-block datasets of genomics data (gene, protein, and metabolism) and environmental data. Basic concepts of top-down and bottom-up systems biology. 

Books Recommended:
Main Text:
1. Neale B M, et al, Statistical Genetics: Gene Mapping Through Linkage and Association,1st Ed, Taylor & Francis
Reference Books:
1. Alberts B, et al, Molecular Biology of the Cell, 5th Ed, Garland Science
2. Foulkes A S, Applied Statistical Genetics with R for Population Based Association Studies, Springer 
3. http://www.bioconductor.org/
4. Husmeier D, et al, Probabilistic Modeling in Bioinformatics and Medical Informatics, 2nd Ed, Springer
5. Mount D W, Bioinformatics: Sequence and Genome Analysis, Cold Spring Harbor Laboratory Press, NY
6. Rongling Wu & Ma C, Statistical Genetics of Quantitative Traits: Linkage, Maps and QTL, Statistics for Biology and Health, 1st Ed, Springer
7. Warren J E & Grant G R, Statistical Methods in Bioinformatics: An Introduction, Statistics for Biology and Health, 2nd Ed, Springer

STA526L Bioinformatics Lab
Lab: 2 Hours/Week, 1.0 Credit

The syllabus of the course will be designed by the corresponding course teacher, especially uses of several bioconductor packages in r program for identification significant genes, clustering genes profiles and integration purposes.

STA527 Advanced Probability Theory
Theory: 3 Hours/Week, 3.0 Credits

Queueing theory: introduction. Preliminaries: cost equations, steady-state probabilities. Exponential models: a single-server exponential queueing system, a single-server exponential system having finite capacity. Network of queues: open systems, closed systems, the system M/G/I. Variations on the M/G/I. The model G/M/I. Multiserver queues: erlang’s loss system. The M/M/K queue, the G/M/K queue, the M/G/K queue.
Renewal processes: introduction, distribution of N(t), limit theorems and their applications, renewal reward processes, semi-Markov processes, the inspection paradox, computing the renewal function.
Brownian motion: definition and basic properties, increments of Brownian motion, sample paths, geometric Brownian motion, integrated Brownian motion, Brownian motion with drift.
Martingales and its stochastic calculus: filtration, martingales, sub-martingales, super-martingales, Doob's martingale inequalities, Doob's martingale convergence theorem. Ito stochastic integral: definition. Properties of the stochastic integral.

Books Recommended:       
Main Text:     
1. Karlin S & Taylor H M, A First Course in Stochastic Processes, 2nd Ed, Academic Press, NY
Reference Books:
1. Ash R B, Real analysis and Probability, Probability and Mathematical Statistics Series, Academic Press, NY
2. Baily N T J, The Element of Stochastic Processes, Wiley Series, NY 
3. Bartlett M S, An Introduction to Stochastic Processes, Wiley Series, NY
4. Bhat U N, Elements of Applied Stochastic Processes, 3rd Ed, John Wiley & Sons, NY
5. Billingsley P, Probability and Measure, 3rd Ed, Wiley Series, NY
6. Brzezniak Z & Zastawniak T, Basic Stochastic Processes, Springer, Verlag
7. Chung K L, Elementary Probability Theory with Stochastic Processes, 3rd Ed, Springer, Verlag
8. Cox D R & Miller W, The Theory of Stochastic Processes, Chapman and Hall, UK
9. Evans L C, An Introduction to Stochastic Differential Equations, Version 1.2, Department of Mathematics, UC Berkley
10. Grimmett G R & Stirzaker D R, Probability and Random Processes, 3rd Ed, Oxford Science Publications 
11. Karatzas I & Shreve S E, Brownian Motion and Stochastic Calculus, Springer, Verlag
12. Ross S M, Introduction to Probability Models, 9th Ed, Academic Press, NY
13. Ross S, Stochastic Processes, 2nd Ed, John Wiley & Sons, Canada
14. Shreve S, Stochastic Calculus and Finance, Lecture Notes
15. Taylor H M & Karlin S, An Introduction to Stochastic Modeling, 3rd Ed, Academic Press, NY

STA528 Environmental Statistics
Theory: 2 Hours/Week, 2.0 Credits

Environmental pollution: pollution and its importance, reasons of pollution. Pollutant sources, detailed study on air and water pollution; global climate change.
Stochastic processes in the environment:  applications of Bernoulli, Poisson and normal processes to environmental problems.
Environmental sampling: network sampling, composite sampling, ranked-set sampling.
Detectability of sampling: basic concept of detectability, constant detectability over a region, estimating detectability, the effect of estimated detectability, detectability with simple random sampling. 
Diffusion and dispersion of pollutants: wedge machine, particle frame machine and plume model.
Dilution of pollutants: deterministic dilution, stochastic dilution, and the theory of successive random dilution (SRD), applications of SRD to environmental phenomena: air quality, indoor air quality, water quality, concentrations of pollutants in soils, plants and animals and concentrations in foods and human tissue. 
Statistical theory of rollback (STR): predicting concentrations after source control, correlation, previous rollback concepts, environmental transport models in air and water.  

Books Recommended:     
[bookmark: _Hlk502398534]Main Text:
1. Barnett V, Environmental Statistics: Methods and Applications, John Wiley & Sons, NY
Reference Books:
1. Articles from Different Journals and Periodicals
2. Barnett V & Turkman K F, Statistics for the Environment, Volume 1, John Wiley & Sons, Chichester
3. Bryan F J, Statistics for Environmental Science and Management, 2nd Ed, Chapman and Hall/CRC Press 
4. Harris J M & Roach B, Environmental and Natural Resource Economics: A Contemporary Approach, Houghton Mifflin Company
5. Hill M K, Understanding Environmental Pollutions, 3rd Ed, Cambridge University Press, UK
6. Millard S P & Neerchal N K, Environmental Statistics Using S-PLUS, Chapman and Hall/CRC Press
7. Robert H, Spatial Data Analysis in the Social and Environmental Sciences, Cambridge University Press, UK
8. Thomson S, Sampling, 3rd Ed, John Wiley & Sons, NY
9. Townend J, Practical Statistics for Environmental and Biological Scientists, John Wiley and Sons, NY
10. Wayne R O, Environmental Statistics and Data Analysis, Lewis Publishers, NY

STA528L Environmental Statistics Lab
Lab: 2 Hours/Week, 1.0 Credit

[bookmark: _Hlk502398831]The Syllabus of the course will be designed by the corresponding course teacher.

STA529 Data Mining
Theory: 2 Hours/Week, 2.0 credits

Overview: meaning of data mining and knowledge discovery basic, data mining tasks: classification, regression, time series analysis, prediction, clustering, summarization, association, rules, sequence discovery.  Development of data mining, data mining issue and mining metrics, social implications of data mining.
Related concepts of data mining: fuzzy sets: introduction, classical sets, set operation, Boolean logic, basic concepts of fuzzy sets, other representations of fuzzy sets, determination of member ship functions, fuzzy sets properties, operations on fuzzy sets, logic operations, algebraic operations on fuzzy sets.
Fuzzy relations: classical relations, classical reasoning, fundamentals of fuzzy relations, operations on binary fuzzy relations, types of fuzzy relations, fuzzy reasoning concluding remarks, bibliography, web resources. Data base/OLTP systems, logic, information retrieval, decision support systems, dimensional modeling, multidimensional schemas, indexing, data warehousing, OLAP, web search engines, statistics, machine learning, pattern matching.
Data mining techniques: statistical perspective on data mining: point estimation, models based on summarization, Bayes’ theorem, hypothesis testing, regression and correlation. Similarity measures; decision tree; genetic algorithms.
Neural networks: background, learning, the basic neuron model, the perception, the multiplayer perception recurrent network, Hopfield, networks, Boltzanann machine network, Kohonen self-organizing networks, background, description, determining the winning neuron, learning algorithm.   
Classification: issues in classification, statistical-based algorithms, regression, Bayesian classification, distance-based algorithms, K. Nearest neighbors, decision tree-based algorithms, ID3, C4.5 and C5.0, cart, neural network-based algorithms, propagation, NN supervised learning, radial basis function networks, perceptions, rule-based algorithms, generating rules from a DT, generating rules from a neural net.
Clustering: similarity and distance measures, outliers, hierarchical algorithms, agglomerative algorithms, divisive clustering, partitional algorithms, minimum spanning tree, squared error clustering algorithm, k-means clustering, nearest neighbor algorithm, pam algorithm, bond energy algorithm, clustering with genetic algorithms, clustering with neural networks, clustering large databases, clustering with categorical attributes.
Association rules: meaning of association large item sets, basic algorithms, apriori algorithm, sampling algorithm, partitioning, parallel and distributed algorithms, data parallelism, task parallelism, advanced association rule techniques, quantitative association rules, correlation rules, measuring the quality of rules.
Web mining: web content mining, crawlers, harvest system, virtual web view, personalization, web structure mining, page rank, clever, web usage mining, preprocessing, data structures, pattern discovery, pattern analysis.

Books Recommended: 
1. Larose D T, Data Mining: Methods and Models, John Wiley & Sons, NY
2. Schalkoff R, Pattern Recognition: Statistical, Structural and Neural Approaches, John Wiley & Sons, NY
3. Dunham M H, Data Mining, Pearson Education Asia
4. Ibrahim A M, Fuzzy Logic for Embedded Systems Applications, Elsevier Science, USA

[bookmark: _Hlk502397694]STA529L Data Mining Lab
Lab: 2 Hours/Week, 1.0 Credit

Determination of partition of set of data by sum of squares of errors, clustering criteria, hierarchical clustering by nearest neighbor, further neighbor, k-means method or algorithm, determination of minimum distance decision boundary, performing K-NN classification using the Euclidean and statistical matrix. Application of different rules of data mining, classification by regression tree, decision tree, Bayesian approach and neural network.

STA530 Categorical Data Analysis
Theory: 2 Hours/Week, 2.0 credits
Introduction: distributions and inference for categorical data. Describing contingency tables. Inference for contingency tables. Fixed margin. Introduction to generalized linear models. Logistic regression. Building and applying logistic regression models. Logit models for multinomial responses. Loglinear models for contingency tables. Building and extending loglinear logit models. Models for matched pairs. Analyzing repeated categorical response data. Random effects: generalized linear mixed models for categorical responses. Other mixture models for categorical data. Asymptotic theory for parametric models. Alternative estimation theory for parametric models. Selection of a model. Fixed and random zeros.

Main Text:
1. Agresti A, Categorical Data Analysis, 3rd Edition, Wiley, NY
2. Everitt B. S., (2019), The Analysis of Contingency Tables, 2nd Edition, Chapman & Hall, CRC Press


Reference Books:
1. Bilder C R & Loughin T M (2014), Analysis of Categorical Data with R, Chapman & Hall/ CRC
2. Fienberg S E (1989), The Analysis of Cross-Classified Categorical Data, 2nd Ed, The MIT Press, London
3. Lawal B (2003), Categorical Data Analysis with SAS® and SPSS Applications, Lawrence Erlbaum Associates, NJ
4. Stokes M E & Davis C S (2012), Categorical Data Analysis Using SAS, 3rd Ed, SAS Press


STA530L Categorical Data Analysis
Lab: 2 Hours/Week, 1.0 Credit

The Syllabus of the course will be designed by the corresponding course teacher.


STA599 Thesis
Research work: 8.0 credits

Each thesis students will be assigned a supervisor and/or co-supervisor. The topic will be determined through consultation with the supervisor.  

2. Masters of Philosophy (MPhil) Program
	A student of Masters of Philosophy (MPhil) program may have to take necessary theory courses during the first two semesters of the program as per graduate ordinance clause 5.3.3. The selection of the courses will be made by the GSC in consonance with the research field of the fellow from the existing courses of Masters level. The GSC may waive all or some of the theory courses for the fellows if the courses have already done by the fellows.

3. Doctor of Philosophy (PhD) Program
	For the PhD program, the GSC may suggest the theory courses for the fellows if necessary.
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