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NORTH MAHARASHTRA UNIVERSITY, JALGAON
Syllabus for M.Sc.-11 (Statistics) with specialization in
Industrial Statistics.

| W. E. From June, 2003 ]
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General Instructions to Teachers and Paper Setters/ Examiner

Lautt Tiweory Course required 60 Jectures each of one ltour.

Each Practical Course required 99 laboratory periods cach of onc hour.

Teacher should follow syllabus as well as time schedule given in the syliabus for all

topics. Veriolion up to 4/5 hours {more o leas) may be nceepiable, _

4. Kach external examination theory yuestion paper should contain 8 questions ol 12
marks cach. Student witl be asked to answer 5 questions out of § questions. Each
external examination practical question paper should contain 6 questions each of 13
marks and student will be asked to answer any 4 questions. Paper Sciter may
consider sub parts such as {{a), (b), {c}...) in each question.

5. Question paper wwuld generatly be uniformly distributed aver the syliabus,

bo b o

Examination Pattern:
Number of Internal Testa and Time duration:

Concern Teacher in consultatinn with Head of the Department may conduet 2 or 3
tests of 40 marks (2 [rs.) for Inlernal Examination of oll Theory and Practical courses,
Head of the Department well in advance will declare detajled Timetable.

Externul Examination:

University will canduct external examinations at the end of each semester. Each
course except projeet will have cxamination o7 60 marks (3 TTrs). Practical cxamination will
be conducted before Theory examinbtion, Timetable for external examinations will be

declared by University office well in advance, Project vivo-voce will be arranged in the
third/fourth week of May.

Standard of Pamsing:

To pass any course, the candidate has to secure at least 40% marks in the internal as
well as in the exlernal examinations.

The candidate failed in [niernal or External or in bath examinations shalt lave to
appear for subscquent Internal or Exterr.al or both Examinations respectively for that course.
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NORTH MAHARASHTRA UNIVERSITY, JALGAON,
Syllabus for M.Sc.-11 (Statistics) with specialization in
Industrial Statistics

“i  [W.E.From June, 2003] &
Detailed Syllabi

ST-301: ASYMPTOTIC INF ERENCE

e Review of convergence in probebility and convergence in distribution, Cramer and
Slutsky's Theorems.
e (onsistent Estimation of real and vector parameter. Invariance of Consistent estimator
under continuous transformation. '
» Consistency of estimalors by method of muments, and method of percentiles, Mean
squared error crilerion.
e Asymplotic relulive eMMiciency, Grror probabilities and their tales of convergence,
Minimusm sample sizes required 1o altain given level of accuracy.
s Consistent Asymptotic Normal (CAN) estimator, Invariance of CAN estlmator under
difTerentiablc iransformation. !
CAN property of estimators oblained by moments and percentiles.

CAN estimators obtained by moment and MLE method in one parameier exponential
.family, Exiension of multiparameter exponential family, :

Examples of consistent but not asymplotically normal estimators from Pitman family.

¢ Methud of maximum likelihood, CAN estimators for one-parameter Cramer furnily,
Cramer-Huzurbar theorem, Solution of likelihood equations, Method of scoring,
Newton-Raphson and other iferative pmcudures.

s Fisher Lower Dound to asymplotic variance, exiension lo multiparameter cases (without
proof.) Multinomial distribulion with cell probabilities depending on a parameter.

+ MLE in Pitman Family and Double Exponential distribution, -MLE in censored and
truncated distribution,

s Likelihood Ratio Test (LRT), Asymptotic distribution of LRT statistic, Wald Test, Rao's
score test, Pearson ‘\chir2 test for Goodoess of fit, Barlett's Test for homogeneity of
variances. Large Sample Tests and confidence intervals based on CAN estimators,
Variance stabilizing transformation and large sample tests. Consistency of Large
Sample Tests, Asymplolic power of laspe sample tests,

REFERENCES

Kale, B.K (1999) A first Course on Parametric inference, Narosa Publishing Heuse.
Rohatpi V.(1988). An Introduction to Probabililty and Mnthematical Statistics.
Wiley Eastern Lid. New Delhi (Student Edition.)

ADDITIONAL REFERENCES

Lelmtanmn, 1. (1986). Testing slatistical hypotheses (Student Edilion).

Rao. C.R. (1973): Linear Siatistical Inlizrence. ' -
Dudewivz, B.). and Mistira, SN.(1988), Modern Mathematical Statistics.  Wiley
Series in Prob. Math. Tat. John Wiley and Sons, New York (International Student
Iidition}

Ferguson, T.5. (1896) A course op Large Sample Theory. Chapman and Hall,
L.ondon. .
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ST-302: DESIGN, PLANNING AND ANALYSIS
EXPERIMENTS

Rundomization, replications, local control one way amd two-way classilication with
unequal amd equal numbeor of obscrvations per cell {with/without interactions).
Connecledness, batancediess, arthogonality, BB, Anulysis ol covariance in u gencral
Gauss -Markov model, applications to standard designs (ANOCOV A).

Random effect models for one way classification.

2% Full factorial experiments: diagtammatic presentation of main effects and first order
interactions model, analysis of single as well a3 more than one replicates using
ANOVA,

Total confounding of 2* design in 2° blocks, p22. Partial confounding in 2°

blocks, p=2,3. Fractional factorial experiments. Resolution of a design, (111, IV & V),
aberration of a design,

Concept of rotatable design. Central composite designs, 3% designs: conleasts for finear
and quadratic effects, statistical analysis of 3° design.

Response surface methodology (RSM): lincur and quadrstic model, stationary polnt,
ridge systems, mulliple responses, blovking in RSM.

Taguchi {orthoganal array) methods: concept of loss function, S/N ratio, linear graphs
ANOM inner and outer arrays ANOVA.

REFERENCES

Kshirsagar A.M. (1983} Lincar Models (Marcel Dekkar).

John P.W.M.{1971) Linear Models (John Wiley Ltd.)

Montogomery D.C. (2001) Design ured Anulysis of Experiments (John Wiley)

Ogawa 1.(1974) Statistical Theary of the Analysis jof Experimental Design
(Marcel Dekker). )

Phadke, M.S, ([98%) Quatity Engineering through Robust Design, Prentice Hall,

ST-303: TOTAL QUALITY MANAGEMENT (TQM),
STATISTICAL PROCESS CONTROL (SPC)
AND RELIABILITY

Qualily Systems: TS0 9000 standards, QS 9000 standards. Concept of six-sigma and the
“Define-Measure-Analyse-Imporve-Control”  Approach. Precision and accuracy in
measurement systems. Estimation of Measurement Uncertainty.

Total Quality Management, Process Analysis and Optimization.

Basic concept of process moniloring and control.

Concent of systematic variation, random varialion, stable industrial processes.

(General theory and review of control charis lor altribute and variable data: 0.C. 2and
A.R.L. of control charts,

X-bar and B, X-bur and §, X and MR, p, np, 4, ¢, control charts.

Control by gauging: Moving average and exponentially weighted moving average
chants; Co-sum clants using V-masks and decision inlervals.

{iencral iden of Fconomic designing of control charts, Dunrcan’s model for Economic
comtrpl Chart,

Capable process. Process Capabilily

I'rocess Uapability lndices: Cp, Upk and Cpm for bilateral and unilateral quality

characteristics.

Connection between proportion of nonconforming and Cp



Estimations. confidence intervals and tests of hypothescs relating to Cp for Normally
distributed characteristics,
Multivariate qualily conlrol; vae of contro? elllpsoid and of utility fusctions.
Acceptance sampling plans: single, double and sequential sampling plans for attributes
ardd their properties. Curtailed double sampling plans, vperating charscteristics functivas
and other properties of the sampling plans. Sampling plans with rectification.Designing
of sampling plan. Dodge-Romig acceptance sampling plans.
Plan for inspection by variables for one-sided and two-sided specifications; AQL based
sampling plans.
Elements of Reliability:
Conponents and systems, binary coherent structure k-ocul-of —n: G struciure, bridge
structure, Cuts and Paths, minimal path sets and minimal cut sets, Reliability of
coherent system, bonds on systeim reléability. structural and reliability importance of
companents.

REFERENCES

Montgomery, .C. (1985) Introduction to Statisticul Quality Control; Wiley.

O, E.R. (1975) Process Quality Control; McGraw Hill

Wetherill. G.I3, (1977) Sampling Inspection and Quality Cantrol, Halsted Prexs,
Wetherill, G.B. and Brown, D.W, Slatistical Process Control, Theory and Practice;
Chupinan and all. _ :

Logothetis, N.(1992). Managing Total Quality; Prentice Hall of India,

Oakiland 1.5. (1989). Total Quality Mangement; Butterworih-Heinemann,

Mittag H.J, and Rinne H.{1 993). Statistical Methods of Cuality Assurance.

Barlow R.E. and Proschan F. (1985} Stalistical Theory of Reliabilily and Life Tesling;
Holt, Rinehart and Winston,

Lawless J.F. (1982) Statistical Models and Methods of LifeTime Data; John Wiley.

!

ST-304: Optional Course
(See the list of optional courses)

ST-305: PRACTICALS - 111

(By using statistical soAware or programming language.)

li

.||..|.I

Practicals based on course ST-301 and ST-303.

Consistent estimators, CAN estimators, .

Maximum likelihood estimators, method of moments estimators and their asymptolic
distributions.

MLE: by mcthods of scoring..

Comparing MSE's of different estimators.

Likelihood Ratio Tests.

Perlormance ol test of hypothesiy, computing power function ol test and plolting then,
Plotting variable and atiributes control charls

P'rocess capability analysis.

Accessing normality of the data. ]

Single and double sampling plans for variable data.
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Peactical buscd on courne ST-302 :
Analysis of variance: Two-way classiflcation with unegual nusmber of entries per cell.
Anubysis of covariance for one way aud (wo ways classified data,

Annlysis of 91 2% 3! factorial experiment.

Analysis of BIBD.

Fractional replications, Total and pariial confounding.

Fitting first and second order response surfiace model, Central composite design, contour
plots.

3, Practicals bascd on Internet:

e lIntroduction, B-mail, web-site, Cyber space, World Wide Web (www),Acccasing the
internet, Online statistical exercises, Search dala sels related to specified topic, Search
{orics on specified topics.

4. Practicals based on optianul course ST-304.

(To be designed according to optional courses by the concerned teacher.)

ST-401: OPTIMIZATION TECHNIQUES

s [incar progranuning: convex scls, supporiing amd sepuraling hyperplanes, stanxdard
linear program and basic fcasible solution, simpiex algorithn and simplex method, two

phase nwethod, graphical solution, Churnes™-techmique. Duality in linear programming

dunlity theorema, dual simplex method with justification, sensitivity and parametric LPF.

o [runsporiation and assignamunl atgorithing, palupeed and unbalanced runsportation
problems, degeneracy, Hungarian method of assignment, transshipment probiems.

o Integer finear programming Gomory cut method beanch and bound method, fractional
cut method, Network flows, maximal Dow in the network, labeling technique,
connection between network flow and transportation matrix solution.

» Nonlinear programming Quadratic programming Kuhn-Tucker conditions, Algorithms

+

('Wolfe's Beate's and Fletcher's) for solving quadratic programming problcm.

Books Recommenxded:

1. Karabo N.8. (1991) Mathematical Programming Techniques Affiliated East West
Press Pt Lid.

2. Indley G. (1987) Linear Programming.

3. Tahe 1LA. (1992) Operutiuns Rescarch 5% cd. (Macmillan).

ST7-402: ACTUARIAL STATISTICS

Section 1 - Probability Models and i.ife Tables.

+  Utility theory, insurance and utifity theory, models for individual claims and thelr suns,
survival funclion. curtate future lifctime, force of mortality.

e Life table wnd its relutions with qurvival function, examples, assumptions [or {ksectionul
fges, some analytical faws of morlality, sclect and ultimaic (ables.

e Muitiple life functions, joint Hile anl Tast survivor status, inswance and annuity benefils
through multiple life funclions evaluation far special motrtality jaws.

o Multiple decrement models, deterministic and randem survivorship groups. ansociated

sinple decrement tables, central rates of multiple decrement, net single premiums and

their numetical evaluations.

Distribution of agpregate claims, compound Poisson distribution and its applications.

[yistribution of aggrepale chaims, con pouil Poissen Jisteibution mud ils applicaiions.

-
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Section 11 - Insurance and Annuities.

e Principles of compound interest. Nominal and effective rates of interest and discount
force of interest and discount, compound interest, accumulation factor, continuous
compounding. _

«  Life insuronce: Insursmee payable ot the moment of denth and at the end of the year of
death level benefit insurance, endowment insurance, differed insurance and varying
benefit insurance, recursions, commuiation [usctions.

o Life annuities: Single payment, continuous life annuitics, discrete life wanuities life
annuities with monthly payments, commuiation functions, varying annuities, recursions,
complete unnuities-immediale and upprotionsble ahnuities-due.

s Net premiums: Continuous and discrele premiums, irup monthly payment premivms,
apporlionable premiuns, commiutation functions, aceumulation type benefits.

» Payment premiums, approlionable premiums, commutation functions acumulation type
benefits.

¢ Net premiutn TeSCIVES: Continuous and discrele met premium feserve, reserves on a
semicontimous busis, reserves based on true monthly premiums, reserves on an
appotlionable or discounted continuous basis, rescrves at fraclional duration, allocations
ol loss to policy years, recursive formulates and dilferential equations for reserves
commulation [unctions,

s  Sume practical considerations: Presnium that includes expenses-general expenses Lypes
of expenses per policy expenses.

» Claim amaunt distributions, approximating the individual model stop-loss insurance.

REFERENCES

N.L.Bowers, 1LU. Gerber, 1L.C. Tlickman, D.A Juones and C.).Neshitt, (1986) . 'Actuarial
Mathetmalics' Socicly of Actuarias, Ithaca, ltiois U.S.A. Second Edilion {1997).

Section [ - Chapter 1238911

Scctian 11- Chopter 4,5,6,7,13,14.

ADDITIONAL REFERENCES

Spurgeon E.T. (1972) Life Contingencies, Cambridge University Press.
Neil, A. (1977) Life Contingencies, Heineman.

ST-403: Optional Course
(See the list of optional courses)

ST-404: TECHNICAL COMMUNICATIONS
AND PRACTICALS -1V

e Technical Communications.(40 marks Internal Exam)

There will 15 leclures for students, Objective of this fopic is to improve
communication/presentation skills of the student. Fach sludent will have to prepare his/her
presentation/lecturer bused on any lopic from Statistics and detiver / present it before all
students and tcachers of the depariment. Their performance will be evaluated on thelr
presentation for 40 marks. f

-



Practicals-1V (60 marks External Practical Exam)
(Based on softwarc and computer programming)

Graphical solution to 1.PP

Simplex method and dual Simplex methed.

NLPP using Langrangian multiplier,

Solving Quadratic programming problem using Kuhn-Tucker conditions.
Quadratic programming.

Transpottation end Assignment problem.

Practicals based on Acturial Statistics.

Practicals based on optional course ST-403.

(1o be fermulated by cancerned leacher based on optional COUTSE.)

ST-405: PROJECT

e Project duration: 1% December to 15" May. (Students may sturl their prelieninary work

pficr second semester only.)

o Project Guide: Teachers from lhe Department and/or otganization where student is

going to visit for fietd work or training.

o Fieldwork: Student wili be given weekly one duy off during last semester for industrial

work /data collection/survey ot any other fieldwork involved in the project.

e Project Tapic: Students in cunsultation with the guide will decide Project Topic. Topic
may be decided after completion nf second or thitd semester. Project work mey be

carried oul in a group of students gepending upon the depth of fieldwork involved.

s Project report: Project reporl chould be submiticd in typed form with binding by 15"

May {or within 15/20 days afler external theory cxsms.)
e Project evaluation: Project evaluation will be based on
(1) Praject report{G0marks)
{ii) Presentation by student or group of students. (20 marks)
(i)  Viva vove (20 marks)
Two examiners will evaluate project work,



Detailed syllabi of optional courses

STATISTICAL ANALYSIS OF CLINICAL TRIALS

Introduction (o clinical irials: Ure need and ethics of clinical trials, bias and random error
in clinica! studies, conduct of clinical trials, overview of Phase I-1V irials, multi-center
trials.

Dala management: data definilions, case report forms, database design, data collection
systems for pood clinical practice.

Design of clinical trials: parallel vs.cross-over designy, cross-sectional vs.jongitudinal
designs, review of factorial design, objectives and endpoints of clinical trails, design of
Phase | trials, design of single-stage and multi-stage Phase [J trails. design and
monitoring of Phase 1{[ trials with scquential stopping, design of biocequivaience trials.

Reporting and anafysis: analysis of categorical outcomes from Phase-I-1I1 trials, analysis
of survival data from clinical trails.

Surrogate endpoinis: selection and design of trials with surrogate endpoints, analysis of -
surrogate endpoint data.

Mciz-analysis of clinical trials.

Note on Practicals: Each practical session should correspond to 2 teaching hoursfweek in
the Practical course. Practical work should be done on statistical packages or using high
leve] languages as taughi in the core course.

REFERENCES

S.Paintadosi.(1997) Clinical Trials: A Methodologic Perspective, Wiley aml Sons,
C.Jennison and B.W.Turnbuil (1999). Group Sequential Methods with Applicatons lo
clinical Trials, CRC Press.

L.M.Friedman, C.Furburg, D.L.Demets {1998). Fundamenials of Clinical Trials,
Springer Verlag. -

1.L.Flciss (1989) The Design and Analysis of Clinical Experiments. Wiley and Sons.
[ Marubeni and M.G. Valsecchi (1994). Analyzing Survival Data from Clinical Trials
and Observational studies, Wiley and Sons.

JAVA PROGRAMMING

fntroduction Lo JAVA:
Programming Tool, JAVA and Internet. Comparison with C++, Power of JAVA
JAVA lanpguiige siructure:
Comments. Dala types, variable operators, sirings, control Mow sialements, arrays
and class melhods.
Ohject Oriented Propramming Structure in JAVA:
Objects amd classes: Inheritance, Interfaces and inner classes.
Graphics Programming,:
Crealing a tloseable Frame layoul, Displaying Information in a Frame, Grrphics
Objccts. Text and Fonls. colors. Drawing Shapes from Lines, Drawing Rectangle and
ovals. Filling shapes, Paint Mode, images.

9.
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» Evenl Handiing: _
Basics of Event handling AWT Event [licrarchy, Semantic and low-level évents in
the AWT, Dvent handling summaery, individual events, separating GUIL anxd
application code, multicasiing advanced Event Handling.

o User interface Components with Swing:
Model-View-Controller Design Paitern, lLayoul management, Text input, choice
controls, Scrolt bers. Menus, dialog boxes.

o« Applets:
Applel Dasics, the applet HTML tags and attributes, pop-up windows in applets,
muktimedia, Applct contexl.

o Exception |landling:
Dealing with errors, caiching exceptions, JDB debugger.

e Streams and Files:
Streams complete stream zoo, ZIP file siream, putting streams 1o use, objecl streams,
File management.

Note on Practicals: Each practical session should correspond 1o 2 teaching hours/week i
the Practical coursc.

REFERENCES

Core Jova Vol.1 (Addison- Wesley) Sun Press

Core Java Yol.il (Addison-Wesley) Sun I'ress

Thinking in JAVA Bruce Eckel, Addison-Wesley, ISBN: 9814035730

The Complete Reference JAVA-2 (Third Edition) Patrick Naughton, Herbert Schildt.
TATA McGRAW HILL.

KNOWLEDGE DISCOVERY AND DATA MINING

s« Review of classifications methods from multivariate anatysis; classification and decision
Lrecs.

¢ Clustering methods form both statistical and data mining viewpoints, vector
quaniization.

e Unsupervised Jearning from univarinie and multivariste data; dimension reduction and
feature sckection.

» Supervised learning from moderate to high dimensional input spaces; artificial neural
networks and extensians of regression models, regression trees.

o Introduction to databases, including simple relational databases, data warchouses and
introduction to online anatylical data processing.

s Association rules end prediction; data aliribules; applications 1o electronic commerce,

Note on Practicals: linch practical session should correspond to two tcaching hoursfweek in
the Practical coursc. Practical work should be done on stalistical packeges or using high
level languages as taupht in the core course.

REFERENCES
A Berson and S.J.Smith (1997). Data Warchousing. Data Mining and QLAP
MeCGraw Hitl
{ Trciman, LIL.Gredimao.R.A Olshen, and C.J.Stane (1984), Classificalion and
Regressin Vrees. Wadsworth and Honksft ‘ole.
1.Han and M.Kamber (2000). Data Mining: Concepts and Techniques Morgan
Crzulmann,
T.M.Mitchelt {1997) Machine Learning, McGraw Tiill.
B.D.Ripley {1996). Pattern Recognition and Neural Networks. Cambridge
University Press.
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STATISTICAL PATTERN RECOGNITION

o Lincar classiliers: lincar discriminant function (LDY) for minimum squared errar, LDF
for binary oulputs, preceplion learning algorithm. )

» Nearest neighbour decision rules; description, convergence, finite sample considerations,
use of brancl and bourd methods.

e Probability of crrors: iwo classes; normal distribution equal covariance matrix
assumptions, Chemnott bounds and  Bhattacharyn distance, estimation of probability of
Cror,

* Jcature selections and exiraclion: interclass dislance measures, discriminant analysis,
prohabiistc distance measures and principal components,

Note un Practicals: Lach practical session should correspond to two teaching hours/week in
the Practicat course. Practicat work showid be done on statisticat packages or using high
level tanguapes as tauphl m Lhe corte course.

REFERENCES

R.0.Duda and P.L.[larl {1973) . Paltern Recognition and Scene Analysis. Wiley.
K.Fukunaga (19903 Introdiclion to Statistical Pattern Kecopnition, Second Edition.
Academic Press.

.). McLachian { 1992). Discriminant Analysis and Statistical Pattern Kecognition. Wiley.
B.D.Ripley (1996). Paticrn Recognition and Neural Networks. Cambridge University
Press.

TIME SERIES ANALYSIS

* Time serics as discrete parameter stochaslic process, Auto covariance and
autocorrelation functions and their properties.

¢+ [xploratory Time Series Analysis Tests for trend and Seasnnall}r Exponential and
Moving Average Smoothing. Holt and Winters smoothing. Forecasting based on
sioothing, Adaptive smoothing,

» Detailed study of the stationary processes: (1) Moving average (MA), (2} Auto
regressive {AR). (1) ARMA and (4) AR integrated MA (ARIMa) tmodels Box-Jenkins
models, Discussions (without proof) of estimation of mean auto covariance and
aulocorrelation funcitons under large sample theory. Choice of AR and MA perieds.
l:stimation of ARIMA model parameters. l'orecasling Residual analysis an diagnastic
checking. Use ol compuler packages like SPSS.

+ Spectral anatysis of weakly stationary process. Periodogram and correlogram analyses.
Compulations based on Fourier transform.  Speciral decomposition of weakly AR
process and representation as a one-sided MA process-pecessary and sufficient
conditions. fmphcaion i predictien problems.

Usc ol sollware package is desirable:

l:xploratory Analysis.

Smoothing.

Numericel exercises on Ma and AR models borecesting.
Mumerical exercises on ARMA and ARIMA models Forecasting.
Munwrieal exercises on 1tax-Yenkins models,

Residual analysis and diggnoslic checking.

Computalons based on l'ouner transtorm,

I'criodogram analysis and inlerpretation.

Y. Correlopram analysis and interpretatinm.

-11-
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Note on Practicals: Cach practical session should correspond Lo two tenching hours/week in
_the Practicsl course. Practical work should be donc on statistical packages of using high
Jevc] languages a9 faught in the core course.

REFERENCES

Rox. G.E.P and Jenkins G.M. {1976). Time Scrics Analysis-Forecasting and Control,
FHolden-day San Francisco.

Anderson. T.W. (1971). The Siatistical Analysis of Time Series Wiley, N.Y.
Mantgemory, D.C. Jotmson L.A (1977) Forecasting and Time Scries Analysis,
AcGraw Hill,

Kendall, Sir Maurice and Ord, J.K. {1990). Time Series (Third Edition}, Edward
Arnold. :

Brockwell,P.J. an dDavis R.A. Tiem Series: Theory and Methods (Second Edition)
Springer-Verlag.

ADDITIONAL REFERENCES

Fuller. W.A (1976} . Introduction to statistical Time series , John Wiley N.Y.
Granger, C.W.J. and Newbold (1984) Forecasting Econometric Time Series, Third
Edition, Academic Press.

Preistiey, M.B. {1981} Spectral Analysis & Time Series, Griffin, London.
Kendall, M.G. and Stiac A. (1966). The Advanced Theory of Statistics, Volume 3,
Chacles Griffing, Londoen.

Dloombield. P.{1976) Fourier Analyses of Time Qerjes-An Introduction Wiley.
Granger, C.W.). ard Hatanka M. (1964} . Spectral Analysis of Economic Time
Series. Princeton Univ. Press, N '

Koopmans, E.11 (1974), The Spectral Analysis of Time series. Academic Press.
Nelson C.R. (1973) Applied Time series for Mangerial Forecasting, Holden-Day.
Findley, D.F. (Ed.) (1981) Applied Time Serics Analyses 1E, Academic Press.

ECONOMETRICS

o« Nature of econometrics. The general lincar model (GLM) and its extensions, Ordinary
least squeres (OLS) estimation and prediction. Use of dummy variables and seasonal
adjustment. Generalized least squares {GL5) estimation and prediction, Hetcroscedasti:
disturbances, Pure and mixed estimation, Grouping of pbservations and of equations.

e Autn cormelation, its CONSEQGUENCES and tests. Theil BLUS procedure Cstimation and
prediction Multicollincarity problem, its implications and tools for handling the problem.
Ridpe regression.

x Lincor repression with gtochnstic repressor. Inatrumental variable estimation. Errors in
variables.  Autopressive linear FeRrCSsion. Distribuled lag models. Lise of principat
components, canonical correlations and discriminant analyses in econometrics.

e Simullancous lingar cqualions model, Fxamples, identificotion problem, restrictions on
strmciural pnrmw:lurs-nmk and  order  epnditions, Resiriclions on  VAFianees asd
CONArinees,

o Tislinmation in simullapeous equitions models. Recursive syslems, 251.5 Estimalors.
{ imited Information estimaiors. K-class estimalors, 3 SLS estimation, Full information
maxinum likelihood method. Prediction and simullancous intervals, Monte Carlo
studies and simulation.

-12-
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LAB WORK {Assignments of 2 hrs each)
Use of sollware pucknges is desirabie.
1. OLS estimation and prediction i GLM. i
2 Use of dummy variables (dummy variable yrap) and seasonal adjustment.
3 (31§ cstimation and nrediction. '
4, Tests for heteroscedasticity: pure and mixed estimation.
3. Tesls for sulocasrelatin. BLUS procedure.
& Ridpe regression.
7 Industrumental variable estimalion. :
8. Estimation with lagged dependent variables. .
0. tdentification problems checking rank and order conditions.
10.  Estimation in recyrsive syslems

11, TwoBSLS estiinalion.
12.  Simulation studies to compare OLS, 2§L.S, LISE and FIML methods.

Note on Practicals: Each practical scssion chould correspond 10 twe {eaching hnursi’weck in
the Practical course. Practicat work should be dane on statisticat packages of using high
level languages as taught in the core CoUIse.

REFERENCES

Apte PG (1990} Texi book of Econometrices, Tata MeGraw Hill.

Cramer .S, {l??l}:ﬁmpiricai Economelrics. Notth Holiand.

Gujrathi I (1979):Dasic Econometrics, McGraw Hill. ‘
Intrultigator MD (1980) :Econometric Modeis-Techneiques and applicatins, prentice
Hall of India.

Johnston J.(1984} -Econometric methods, Third edition, McGraw Hiil.

Klein, L.R. (1962) :An Introduction 1o Econometrics, Prentice Hall at Indin.
Koutsoyinnnis, A (1979} Theory ol Feonomelrics. Mincmitlan Press.

Malinvaud E(19066): Statist jcal methods of Econcinetrics, Norih Hollnad.
Srivastava, V.K. and Giles D>A>E (1987): Seemingly unrelated regression
equaitons models, Maice! Dekkar.

Theil, B .{1962}:1mmductinn io the theory and practice of Econometrics, John Wiley.
walters A. {1970) AN introduciln to Econometrics, Mcmillan an dCo.

Wethetill, G.B. {(1986):Regression analysis with applications, Chapman Hall.

NONPARAMETRIC AND SEMIPARAMETRIC METHODS

. Ir;:mpirical distribution fonction, Gilvenke Canlelli Theorem, Kolmogerov Goodness of
it 1esl. .

e« Onc sum!ﬂc }J-sfiutislics. Kernel and symmetric kernel, Two sample U-statislics,
J"'n:Sj’T!f‘I]‘.’l‘tt?llC distcibution of U-statitics, UMVUE property of U-statistics, Asymptntié
distsibution of lincar function of order statistics.

» Rank tests, Locally most powerful rank tests, Lineor rank statistics an their distributional
praperties under aull hypothesis, Pitman's asymplotic relative cfficiency.

. {.'}n-; sample location problem, sign test ant signed rank test, two sample Kolmogorov
Smienoy tests, Two sample location and scale problems. Wilcoxen-Mann- Whiloey lesl,

nlurmul score fest, ARIE ol various tests based on linear rank statistics. Kruskal-Wallies

k. sample test.

Cox's Droportional Tlazards Medel, rank icst (pattinl likelihood) for regression

coclficicnts. Concepts of juckknilin i '
. s ¢ methud of Quenouille for reducing bi
metheds, Confidenee imlervals, g bias, Boatsiap
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Note on Penetieals: Tinch practical session shoukl correspond 1o (wo leaching hoursfweck in
the Practical course. Practical work shoutd be done on statistical packages or using high
level languages as taugh in the cote course.,

REFERENCES

Davison, A.C. and Hinkley, D.V.(1997): Bootstrdp methods and their application,
Cambridge University Press.

Gibbons, I.D. (1983} Nonparameiric alatistical inference, {2nd ed., Marcel Dekkar,
Inc.

Randles, R.H. and Wolfe, D.A. (1979) Introduction to the theary of nonparametric
statistics, John Wiley & Sons, Inc.

ADDITIONAL REFERENCES

Fraser, D.A.S. (1957): Nonparametric methods in statistics, John Witey & Sons, Inc.
Hajek, J. and Sidak, Z. (1967); Theory of rank tests, Academic Press.

Puri, M.L. and Sen,P.K, (1971} Nonparanietric methods in multivariate analysis,
John Wiley & Sons, Tne.

Cox, D.R. and Oakes, D. (1983): Survival analysis, Chapman and Hali.
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