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TR peactalt s wherever prescribed at the examination, provided that of o candidate fails o secure at

T et 23 e mraek s -cachmd) viém#papeﬁf&h&exanﬁnafioﬁndﬁwmwﬁmmtm. 197 i
report fieldwork. Wherever prescribed, he shall be deemed:-to have failed at the examination not with
standing his having obtained the minimum percentage of marks required in the aggregate for the
2xamination. No division will be awarded at the Previous Examination Division shall be awarded at the
end of the Final Examination on the combined marks obtained at the previous and the Final Examination
together. as noied below-
First Division 60%  of the aggregate marks taken
second Division 48% together of the Previous and the Final Examination
All the rest will be declared 1o have passed the exarmination.

> Wacandidate clears any’ Paper(s)Practical(s)/Dissertation prescribed at the previous andor Final
EAGMINALON artzr 4 continuous period of three vears, then for the purpose ¢l working out his division the
FEMRRm pass marks only viz 235%0(36%in the case of practical)shall be tuhen nio account in respect of
such papert o Practicalts1. Dissentation are cleared after the expiny of the aluresaid period of three years:
orovided thi o case where a candidate required more than 25% marks 1 order 1o reach the minimum
& ST ArRs out of those actually secured by him will b taken mio account as would
“ane ap ihe deficiency in the requisite minimum agerevaty
4 ) ©Etaton Sunvey Report Field Work shall be Dpewniten and subnuied i triplicaie so as to
fedviiine oiicc o1 e Registrar at feast 3 weeks betore the commencement o the theory examinations
Ll sudh Candidates shall be permitted to offer Dissertation. Field Wurk Surves Report Thesis (if
Provided iiv ihe scheme of examination) in liew of a paper as have secured a1 leas: 339, marks n the
aggregute of s the papers prescribed for the previous examination in the casc ol annual scheme
HTLSpOCUN T of the pumber of papers in which a candidate actually appeared ai examination.
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Number
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MLALALS, STATISTICS

Final
Compulsor Papers

Par i Multivarnate Analysis and
Statistical Inference

Paper (o Advanced Design of exper-
mients and Sample Theory
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Pape w1 Paper VIII & X
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¢ ' Syilabus

MLSce. (Previous).

PAPER ]

OMATHEMATICAL ANALYSIS)
SECTION-A
(Lnit-1)
R aaivae Rear Vadued Function € srtmueus Function. Unitorm Continuns Sequences of Functions.,
Lneerm Comvergence

Oillerentiation. Mmaxima-mimima of function, functions of several variabies. constramed maxima-minima

1 tencuons. Multiple integrals and their ex aluation by repeated integration, change of variablesin

multiple integration. differentiation under the sign of integral-Leibnitz rule, Beta & Gamma integrals.
(24L+12T)
(Unit-1II)
Lincar Algebra: Inverse and rank of a matrix, Linear equations, Orthogonal matrix, Orthogonal reduction
ol areal symmetric matrix to a diagonal form. Hermite canonical form. generalized inverse and its simple
Properties. Idempotent matrices, Solutions of matrix equations. K ronecker Product.

SECTION-B
(Unit-1)
Bristear and quadraue forms. reduction to canonical forms. detimite and idefinite forms. index and
idture tnanzular reduction of a positive definite matrix. Charactenstic equation. 1ts roots and vectors,
Cadioa-Hamihon theorem. (24L+12T)

(Unit-11)

Numericad Analysis Interpolation formulac twith remainder terms) due o Lagrange’s. Newton-Gregory,
Nevoondinided difference. Gauss and Strling formulae. Inverse iterpolation, Numerical differentiation
eid sategration. Trapezoidal, Simpson’s 1.3 and 38 rules, Waddie's ruics. EulerMaclaurin's Summation
Fermula: Difterence equations of the first order (homogeneous lincar difference), homogeneous linear
ditfereinee equation with constant coefficients. (24L+12T)
References:

£ Aposted. TOM11985): Mathematical Analysis, Narosa Publishine House.

- Burkll 1.C1980): A first course in Mathematical Anairsis. Vv ikas publishing House,

S Cournat. Roand John, F. (1965): Introduction to calculus and analysis, Wiley.

< Kburio AL (1985 ): Advanced Calculus with Applications in Statstics. Wiley.

> Miller. KiS ¢i1937): Advanced Real Calculus, Harper. New York

6 NMiller. KS. (1937 Introductory Methods of Numerical Analysis. Prentice Hall.

"~ Saxena. H.C - Calculus of Finite Difference.

8 Seurfe. S R.01982): Matrix Algebra Useful for Statistics. Wiley

Y Shant Narayan. (1998): Matrix Algebra. S.Chand & ¢
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Paper |1 ,
Probability and Measure theory
SECTION- A

(Unit-1)
LISEER L Probaliss whuc e, s arious defimtions ol probabidiny . avaomane depinition of probability .
COmhingtens e cats laws of total and compound probabiliny . Conditigpal probability, Bave's theorem
—and s applicatais. Concept of random variables_cumulatiy o dixlribuuu;Lt‘_'uucnmnch.r.ubahiLiz}.“_x, R
densiny funchion, o, marginal and conditional distribution. - (Z4L+12T)

(Unit-11)
Mathematical Expectation, moments, conditional expectation. moment geperating functions. cumulative
generating funchions and their applications, Characteristic function. uniqueness theorem, Levy’s
continuity theoremi statement only)Probability inequalities; Chebyshev, Markov and Johnson,
Convergence in probability and in distribution, weak Jaw of large numbers and central limit theorem for a
wquence of independent random variable under Landenberg s condition central limit theorem for
sdentical independent and identically distributed. random variables: Zero gne laws of Borel and
Nodmogorov. almeost sure convergence in mean square. Kintchin's weak law of large numbers:
Noelmogoros inequalin, strong law of large numbers. (24L+12T)

SECTION-B

(Unit-1)
Poaosses o setssseme g, ning. feld. stema field. monotone Classes Sequence of sets. limit supremum
SREAAULIIMAT 13 sequence of sets. Addion ¢ BInChE s neasure. Gyier measure and therr

cheperties Carthecdry extension theorem (Statemen alva detiniion of complete measure. Lebsegue and
Fobsenue Stielyes measure 1one dimension enly b POrebabiliny measure, distribution function and its
sortespondence with febsegue Stilyes. (24L+12T)
(Unit-1I)

Menstirable sets and space. measurable space. Simple. elementary and meagyrable functions. Sequence of
Mivasurable tuncuons. Integtrability of measurable function, properties of integrals Lebsegue monotone
-vergence theorems., Fawous lemma. dominant convergence theorem, Apsolute continuity. Random
Nixodvin theorem., product measure, fubinies theorem (24L+12T)

Reference:
b Kingman J.F. & Taylor. SJ. - Introduction o Measure an Probapility.

= Loeve : Probability Theory.
* Bhat. B.R. Probabilinn
4 Feller. W Ingroduction 1o Probabiliny Theors and n- \pplications Vol | ad 1

Rehate, VK An ntroduction 1o Probabibas theors Mathematical Statiagic . W vey Fasten.
6 Billmasien P Probabiling and measgre W e
Dudley KON read Anaty s and Prebabilin \ﬂ
Dy. Registrar
. fAcadsmey
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, Paper t1
Distrivution Theor
SECTION A
tUnit-bh

srnables and iherr distributions using Iacobun of ransformation Bernculh, Binopnalicompound

aeated whsao Negatinve Binomial Jistributions. . (24L+12T)

(Unit-11)
Rt Hyper-geometrie and Multinomial distributions. Rectangular. Normal (truncgyeed also),

Papenential, Cauchy (truncated alsos. Lognormal and Triangular distributions. SESE— . ] 3 b o
L]

SECTION B
(Uait-1)
Sansphog distnbutions-Chi-square. t and F distributions {Central and non-central) & their gpplications,
Bovariate normal Omncluding marginal & conditional distribution), Beta and Gamma distripytions.
(24L+12T)

{Unit-11)
incar regression and correlation: intra-class correlation & correlation ratio: null & non-ny)| distributions
i sample correlation coefficient. standard errors of functions of moments. Order statisticy heir
Fistrbutions and properties: Joint & marginal distributions of order statistics: Sampling Djgributions of
(24L+12T)

e & median

References:
~ Armeid B C Balakrishnan N and Nagaraja 1IN 11992) A First Course in Order statistics.

Wiley

Goon. Gupta & Das Gupta (1991 Outhine ol statistical Theory. Vol { World Press, Calcuna.

Hoge R\ and Craig, A T¢1971 Introduction e Mathematical Statistics. NeMillan,

3o donsans S and Ketzd1972)Distribution in Statisties, Vol L 11 And Y. Houghton and Muffin.

S Kendall. M Coand Stwan An Advanced theury of Statistics Vol 1 1]

6 Noind A\ senbillF A and Boos 100 j1u 1y Introduction 1o the lh(‘-'\rj. of Stalistics,
MeGraw Hitl

" Mukhopadhvay . P 1996). Mathematical Statistics. New central book Agency (P) Lid.
Calcutta.

8. Rao. C.R (1973} Linear Statistical Inference and its Applications, /e, Wiley Eastern.

Y. Rohaigi. V' K (1984) An Introduction 1o Probability Theory and Mathematical Satistics,
Wiley Eastern. ' ‘
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Paper-1\
Sample Surveys & Design of Experiment
SECTION-A
(UNIT-1)
Plannimg. Execution and analysis of large. small sample survevs wiih illustrative examples. Non sampliny
errers and biased reponses. randomized responses for variables. ITors in survey, modeling observational
errors. estumation of variance components, application 1o longitudinal studies (repetitive surveys) Basic

finite population sampling techniques; SRSWOR. Stratified sampling schemes, Allocation problem in
stratified sampling. (24L+12T)
(Unit-1T)
Systematic sampling schemes and related results on estimator ot mean/total. Cluster sampling, double -
sampling. two-stage sampling with equal and unequal number of second stage units. Ratio, Product and
regressien method estimation: Estimators based on SRSWOR method of sampling (24L+127)

SETCTION-B
(Lnit-Iy
Anaivsis of Experimental model by least square. Cochran’s Theorem and Regression Analvsis (Case ol
Full ranky Analysis of vanance and cos artance Pranstormations Principles of Experimeniation.
Unitormity Lrads. Randomized experiments. Randamized Blocks. Latin Squares. Balanced Incomplete

Block Desgnilntra-Block Analysis). Missing Plot Techmgue (24L+12T)
(Unit-11)

Factonial Experiment2” and 3°. total and partiat contoundmg. sphit-plot designs, Construction of

confounded tactorial experiments belonging to 2" seres : (24L+12T)

References:

Cochran W.G. (1984): Sampling-Technigques (3% Ed.)Wiley

Desraj & Chandak (1998): Sampling Theory. Narosa Publishing House.

Murthy MONC(1977): Sampling Theon and Methods. Statistical Publishing Scciety, Calcutta.

Sampath S. 120005 Sampling theory and Msthods. Narosa Publishing House.

Singh. D. and Chaudhary, F.S {1980). Fheery and Analysis of Sample Survey Designs. New Age
International Publishers.

6. Sukhaime B.V. (1984): Sample Sun ¢} methods and its Applications Indian Suciety of

Agriculural Statisucs.

T Fedrer. W T (1973y Experimental Desogn-theony and Application. Oxford & I1BH.

§ DA MNE G N Co1979) Desiga and Analysis of Experiments. Wiley Fastern.

9 Goen. Gupta & Das Gupa 11991 Fundamental of Siatistics Vol HNvorld Press. Kolkar
M) Sukhatime. PV Sukhatme, B L Sukhatie S & Ashok, ¢ Samp‘h

Applications Dy’ Regl

‘vd 10—

4

s

Theors and Surveys ith




Paper.y
Statistical [, ference
SFOTIGN-A
Loy

Pomtesamanon. Criteria o god wapymator. unbiased estimators anifermls minmuom variance
anbrased estmator (LNINV LT Wity Rao nequality . Consistent estimator. Suffecient ostimator,
Fisher Neyman factonization theorein, NoOn uniqueness thearem. Exponential theorem (withou
provt Davi’s thearems 1w st procr. Rao- Blackwell efficient estimator Completensss and
Lehmann- Schefle theorem il .tficient staustic. maximum hikelihood estimator and its
properties paathout proot) asd sise i jod of estimation tmoments. mimimum Chi-square and

e (24L 12T

—anedied mamimum Chi-squane

(Uni(-ll)
Confidence intervals, Determination of confidence intervals based on large samples. confidence
interval based on small samples. Hypothesis- ;;mple and composite, Critical region, error of I* and 1™
Kind. power of test. most powerful test. Nevinan-Pearson lemma. Derivations of some Common tests of a
simple hypothesis against a simple alternatinve uniformly most powerful test. (24L+12T)
(SECTION B)

(Unj-D
Likelhood rato-method of test construction Asymptotic distribution of the logarithm of LRT stanistic.
Definition of S.P.R T. Fundamental relarson amoeng . B. A and B.Determination of A and B in practice
Wald's fundamental wdenuny and the der atioy, of O.C. and A.SN. functions (24L12T)

(Uni gl

Non-Parametnic tests Sign Tests, Singed kot Kolmogorov- Siinmoy one sample test. Greneral 1o
sample Problem Waltoawitz runs 1est. k. Aoy Smirnoy two sample tesu(for sample of equal

gzer Median test, W Heonon-Mann-Whitney e Test of randomness based on runs test based on the (ol
number of runs. test based on the length or longest run. (24L+12T)

Reference:
I, Cramer. H Mathematical methods o’ Suatistics.

2 Goon and others. Outline of Siatistical theory, Vol |.

3. Gibbons: Non-Parametric Statistical Inference.

4. Kendall. M.Gand Swart, A : Advanced Theory of Statistic Vol.I and 1.

> Mood. Graybill and Boes: Introduction 1o the theory of Staustics 3"%d.

6. Rohtagi. \' K Introduction 1o Probabilyiy theory and mathematical statistics.
© Hoggand Crarz lawroduction to Mathematical Statistics.

8. Wald. A Sequenuial Analysis. b

Y
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Paper VI (a)
Computer Program ming (Theory)
SECTION-A
Proginmming Fundamentals: Computer based Problem soiv ing technigues. Flow charis and
o Structured Programming Techniques. Statisticat Compuiations using MS-Excel.
Programnung through C-Language: Intreduction, Structure & Execution of a C Program.
Churacter Set. Keywords. Constanis & Variables. Data Types. Tvpes of Operators & Precedence. Input &
Qutput Statements. Assignment Expression. Decision making structure. Looping Structures and
Branching Structures and retated C-Programs. (24L+127T)

I e - SECTIONB— . . .
Arrays. Character Strings. Standard Library Fanctions. Header Files Modular programming-L scr delined*
Funcuions, Returning values. Parameter passing Mechanism, Siructures, Pointers Defining a Pointer.

Array V's Pointers, Dy namic Memory allocation C-Preprocessors, Related Programs. (24L+12T)

Reference: )
i. Ram B.. Computer Fundamentals- Architecture and Organization New Age Intemational (P) lid
3" Edition. }

2. Pelosi M K. et. al.. Doing Statistics for Business with Excel Data, Inference and Decision
Making. John Wiley & Sons.

3. Venugopal et. al Mastering C. Tata Mc Graw Hill.
+. Gonufriad B.S.. Theory and Problems of programming withTNH.
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M.Sc (Fipal
Paper- Vi
Multivariate Analysis ay g Statistical Inference
SECTION. A
(Ulvil-J)
Muitnvaniate Nerawal disiribution, margina) and conditional distributions jount distribution of

e anction of correlated nermal o anates. Chary ceristic function of multinarate normal distribution.
Maximum likelihood Extmater of the mean vector and dispersion matrix and ther independence

~Llassification and discrimation procedure Lor discripination between twao multinanate normal population.

(24L+ 12T)
(Unit-Tp)

sample diseriminate function res associated with d;scriminate functions probabilities ol misclassification

-

#nd their estimauon Null distribution ot Hostelling 77 and its applications Wishart matrix-its distribution
iwithout proefland it propertics Null distribution (yyithout proof) of partial Correlation. multiple

correlations and sample regression coefficient ant s applications. (24L+12T)
Section_B
(Unir-l)

Proof ol the properties of ML E Pitman Family of Jistributions and their M.L.E properties. Huzyr
Bazaar theorem. Consistent Asympiotic Normal (CaAN) estimator, Invariance of CAN estimator.
Likelihood ratio tesrs. A symptonic Distribution of Likehood Ratio Statistic, Similar Regions

(24L+12T)
(Unit-11,

Generanzed Nevman Pearson leming Elements of austical decision function: Formulation ot the

problem. Loss function. Rish Tenctions Convex sety convex function, hyper planc com ey null convex
polvhedral and its relevant theorem. Concepts of adm;ssibility of Baye’s rules and mimimanx sequential
decision rule. Bartlett's Test for hemogeneity of varjpnces. ‘ '

References:
i Anderson TW  Ap Intreducoon o Multivagate Statistical Analvsis. 2™ ed. Wiley
S Cramer H Mathematica) \cthods of Statistics
S Ferguson. IS NMathemaug .l Stausucs, Academic Press
< Gibbons Non-Parametric Statistical Inference.
> Hogg and Craig: Introducton to Mathematicy] Statistics.
6. Kendall. M.G . and Stuart. A - Advanced Thepry of Statistic Vol. I and 1.
T Mowd, Granbill and Bose: Introduction to the Theory of Statistics 3 ed.
8 Rao.C.R  Linear Statistical Inference and ity Applications 2™ ed. Wiley.
Y. Rohatgi. V' .K: An Introduction 1o Probability theory and Mathemarical Statistics. Wilcs Taciern,
tO- Srivastava, M.S and Khain C.G: An Introdyction to Multivariate Statistics. Norih Holland
PEOWald AL Sequential Anah sis
12 Zacks. S Theorn of Sttistical Inference. Johp Wiley .

\
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Paper-IX
Advanced Sample Survey & Design of Experiments

Section-A

(Unit-I)
Unequal probabibiny sampling: Probability Proportional 10 size with and without replacement method
(PPSWR/PPSWOR ¢ cluding Lahri’s scheme), related estimators of finite population mean.(Hansen-
Horvitz and Desraj s estimators for general sample size & Murthy’s estimator for a sample of size of 2),
Horvitz. Thompson estimator (HTE) of a finite population total’mean and expression for V(HTE) and us
unbiased estimator Surc on non-negative variance estimation. .P.P.S Schemes of sampling due to
Midzuno-Sen. Brewer. Durbin and JNK Rao (Sample size of 2 only) Rao-Hartley Cochran sampling
scheme and thewr estmuuon procedure. Theory of multi-stage sampling with varying probabilities with or
without replacement Introduction 10 super population models. (24L+12T)

(Unit-1I)
Quenouille’s technique of bias reduction and jts application 1o ratio type estimator.Hartley and Ross
Unbiased ratio ty pe estimator. Ratio method of estimator under Midzuno scheme of sampling when X 1s
Known. Multivariate extension of ratio and regression method of estimator (when population mean of
auxiliary variable is hnown). (24L+12T)

Section-B

(Unit-I)

Linear estimation, Gauss MarkofTs theorem. Testing of hypothesis involving several linear functions. test
of sub-hypothesis and test involving equality of the parameters. Introduction to one way random model
and esimation of variance components. General theory of analysis of experimental designs. Designs for
two-way elimination heterogeneits  Desirable properties of a good design: Orthogonalinn. Connectedness
and Balance. Various Optimality criteria and their interpretations. Relation between blochs of incomplete
block designs. duality. resohvability and affine resolvability. Theorems on bounds. (24L+12T)

(Unit-II)
Group divisible, lattice and linked block designs- intrablock analysis, Latin square and Youden square
designs. Combination of result in groups of experiments. Construction of orthogonal Latin square- (i) for
prime power numbers and (ii) by Mann-Mecneish theorem, simple methods of construction of BIB
designs. Constructions of symmetrical fractional factorial designs. (24L+12T)
References: ' ' )
I Atkinson. A C.and Doner AN: Optimal Experimental Design.

2. Raghava Raa® Construction and Combinatiorial Problems in Design of Experiments.

3. Searle. SR Casella.G. And McCulloch.C.E: Varicance Components. John Wilev. New York.

4. Rao. C.R.and Klette. J: Estimation of Variance Components and Applications.

5. Chaudhary. A and J. W E Vos (1988). Unified Theory and Strategies of Survey Sampling. North
Holland Amserdam

6. lledayar. A S and Sinha. BK Design and luference, infunte Population saimpling, Wiley .

© Chaudhary. A and R. Mukherjee: randomized Response Tpeor_\ and Techiniques, New York.
Marcel Dekker Lo

i
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' Papey X
Statistical Quality Control & Operation Research .
Sectigy-A
(['ni,,[)
Meanie of specitication s e Guahts . pracess and product comrad, cpietn g o SQC. control
Sharts o measarchle G CRARCTEr sy Chypce vanation and assignablc Larniin of process.
Distribution ot 5 e i te Need for detecy;on ofassignable causes of s ariatn o Determmation of
ORI and Central e i ancus sttuations. Mean (7 and R conirol chars ¢ ontrol charts for
defction PP charts Meaning ot Stavistical Control and its refation with speciiic aon himits,
o Meditied centel s waming imits and “)'e'ﬂ.‘”ﬂii&ﬁlﬁmgﬁgiéiﬁﬂﬁbﬂs‘“\llli%&&l_&___ww .

Lrouping and successive estimate. Advaniages f SQC. Comparison of Mean ¢ yand R charts with p-
chan for common use. : (24L+12T)

(Uni(-][)

Acceptance Sampling by Attribute: Need for sampling inspection, methods for ceeptance. Lot Quality
and lot by lot acceprance AQL. AOQL, Produce's risk and Consumer Risk. Reetification, O.C. function,
ASN and average total inspection. of an acceplance procedure. Single and double sainpling plans and
their mathematical analysis. ldea of Standard sampling tables: Dodge and Roming I'able and MIL Std.
105A. Sampling inspection plans for production process where lots cannot be formed Sampling
Inspection Plans fur Variables-One sided specification standard {Known and U nknown Cases) Two Sided
specifications (1or Liown standards). Use of Design of Experiments in Statisucal Process Control,
Fractional Experniizir, I'ractional factorial Experiments. Multivariate Qualiny Coonirod- Control of means
and control of pro-coss arabiin (24L+12T)
Section-f
(Unit-T
Definition and scope Wperation Research: Phages, Principles of Operation Rescarch. Models and their
Solutions. Monte Curio Sunulation Technique & i Applications, Review of [ incar Programming
Problems. Revised Mtmples Method. Dual Simpley Method. Transpart Problems and Asstgnment
Problemy Sequencing & Scheduling Problem: 2 machine n-jobs and 3-machines n-jobs problems.with
mdentical muchue sedquative ferall jobs, 2 jobs nopachine problem with different routings. Theory of
Lames: Pure & \Vved drategies. Minimax (Maximin) criterion. Sotution ot Games with Saddle Point.
Rectangular Games ficorem o gamcs and liyea Programmming 212 games without saddle pont.
Graphical Soluton ot 2\ nand m x 2 games. (24L+12T)
(Unit-11)
Inventeny Control Sustemi Inventony Models. Coygs, Advantages. FOO  Madels without shortages,
Reorder level and Optimum Buffer Stock, EOQ Modcls with shortages. Multi-itenm Inventory Models
with quantity Discount, Ps, ‘babilistic Models, Queueing System: Characteristics o Queueing System,
Steady State Solutna 1\ My and(M/MEC) models. (M/G/ 1) model Pollaczek-K hiichine Formula,
Steady State solutyar o1\ b t) models. Mixed Queveing Model (M:D: 1. (MDD ires FCFS).
(24Li127T)
References:
o Taba 1 Opcuon Rescarcli, McMiljan Publishing Co nci6* 1dition. 199Y)
2 Rantswiecp ol Operation rescarch. Sultan chand & Sons.
Souress D& s CAML Fundamenialg of Queueing Fheory . lohn Wilev & Sons
45 hama S b oosation Research. Kedar Nath Pub. Meerut
T Brenws KoCod Schamum's outhnes Operation Research Fata McGraw Hill Edition
Additional References:

Chone o s <teng Svstem, Vol Thcory Jahn Wiles
2 i trodacuon o the the o v:';-;:n%%ci \lx‘( sy bl
t .
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Paper-Xi
Practicals based on Paper IX

Paper X1}
Practicals based on Paper VIII & Paper X

{“}
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Optional Papers

Paper-XII1
Economic Statistics & Demography
P senes Concept. its vomponents and methads of their determinanicn. \ are ditference method.

T iushe SRS Autoregressive model Tor Hirst & second order. Periodogram and Correlogram
wa s dndex number of prices and quantuties and their relative merits Construction of index numbers
e meaekate and consumer prices A (24L+]2T)
I _ Uil e

Meaning and basis of demand. Demand equation, demand curve. relation between.demand curve
it teand function. Estimation of demand function by leontif™s method. Static Liw of demand and
suppss Price elasticin, income elasticity and cross elasticity of demand. Concept of indifference curve,
Budzet fine. Parato’s law of ioncome distributions. Engles curve. curves ol concentration. Concept of
sationa! income and methods of estimating national income intersectoral ffows. inter industry table.

Section-B

(Unit-I) }
Demography: Census and Vital statistical data. Vital rates and ratio, standardization of rates trends and
differentials in monality and fertility. Stationary and stable populations. Population estimation and
progection. The hife table: its construction and properties. Makeham s and Gomperiz curves. National life
tables. UN model lite tables, Abridged life tables, (Greville's formula for construction, reed and Merrell’s
tormuta. Kmy's method) TF.R.. G.R.R.. N.RR. (Z4L+12T)

(Unit-II)
Demvgraping trends in India. Labour force analysis, Birth & Death stochastic process. Stochastic
popalation medels, togisucs model. bivariate growth models. migratien medels. eailin analysis model,
mortabi anads wsomodels. Decennial population census in india (Z4L+12T)

REFERFNCEN:

Vindersci W P97 The Statistical Analysis of Time serics, oy, New Yok,
Barctin Techmiques of Population Analyvsis

Brown well P Joand Davis. R.A L Time series-An Indroduction s | dno Springer-Verlag

= Chatlickd. C01980): The Aualvsis of Time Series-An Intreduction. 2 LdnChapman and Hall
Poowheaners, HUB. taner Industrial Economics

oo Lo PR 1970y Demography. Cambridge University Press

T Urenton. Cowden and Klein( 1971) Applied General Statistics. PHI

$  GGanguly and others: Studies in Consumer’s Behaviour.

9 Goon. AL Gupta, M.K and Dasgupta, B(1986): Fundamentals of Staustics. Vol.2 World

- Kaeniakar & Bhende: Principles of Population Studies. Press Caleutia.

P Rendall. NLG and & Stuant, A.(1996): The Advancad Theory of Statistics, Vol.3 charles Griffin.

Landon
12 Srivastas . O.S.(1985): A text book of Demography Vikas Publ‘&Hng. House, N. Dethi.
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Paper X1\
STOCHASTIC PROCESSES
Section-A
(Unit-I}

et EaEvhasug Processes: Definition, Classiicst e of Stochastic Processes aceording i saic

vet b demnn Markoy Process and Markon Chag, Sationary: Processes and its Dpes. Laplace
R RPN Probability Distribution Ditference b guutions in Probability Theory . Differental

e e _.__‘_-...-(.L:_nj(-[,],‘)_, S e e
Markoy Chams: Diserete Time Markov Chain, Order of Marko Chain, Chapman-Kolmogoros
Equanons. Determmation of Higher order Transition Probability and its limir. Classification of States and
Chatns. Limn Theorems for Markov Chain, Stationary Distributieon, Random Walk-Gambler’s Ruin’s
Problem Applications of Discrete Time Markov Chains. Time-Reversal Markov Chains. Markov Chains
wih Contnuous State Space. ' (24L+12T)
Section-B
(Unit-I
Marker Process: Paisson Process and its generalization, Yule-Furry process, Birth-Death Process
Detintion, Markoy Process with Discrete State Space-Kolmogrov Differential Equation, Erlangian
Process Markoy Process with Continuous State Space-Wicner Process. Kolmogorov Diffusion
Equitions. Renewal Theory-Renewal Processes, Renewal Function and 1ts properties, Elementan

reitcwal théorem and applications. Delayed Renewal Process. Rencwal Reward Process. Regenerative
' (24L+12T)

Stochaste Process and its Limits.
(Unit-1D)

Muteon Process and Time Series- W cakly Stationan and Strengly Stationary Processes. Moving
dveiaze aind Aato-Regressive Processes, Stationany Processes ol different Time series models. Branching
Processoo Guleton- watson's Branching Process, Properties of Generaton Function of BP's, Probabilin

LU

cnitenaie extineoon, Distribution of population size. Idea o Martingles. (24L+12T)

References:
ke SR & Manjunath S.M(1984) Ap ntroduction of Finite Markoy Processer: Wilev
tastern
Bhate. B.R.12000): Stochastic Models: Analysis and Apphications - New Age International, India
oMk, TE 11963): The Theory of Branching processes- Springer-Verlag,
4 Mdhe 19821 Suatistical Inference for Markov Chains. Chicago University Press, Chicago.

Ross. SM(1983): Stochastic Processes Wiley.
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Paper X\
Rehabilinn & Suryvival Analvss
Section-A
e e - ([:;;.'}(-L}_,,._._., e i e e,

Rehubiliny concepts and measures. semponents and systems: cohieren: sy stems. reliability of coherent
~yatemss cuts and paths. modular decomposition, bounds on system reliability, structural and rehability
nnpertance of components. Life distributions, reliability function, hazard rate, common life distributions-
eapenential. Wetbull, gammaete. Estimation of parameters and test in these models (24L+127)

(Unit-1D)
Netions afageing [FR, IFRA, NBU. DMRL and NBUECHasses and their duals, loss of memory property
-1 exponential distnibution, closures or these classes under formation of coherent systems,
cemvaelutions and mixtures., Reliability estimation based on fajlure times in variously censored life tests
aid i tests with replacement of failed jtems. Maintenance and replacement policies. availability of
repairable systems, modeling of a repairable system by a nenhomogeneous Poisson process. Basic ideas
ofaccelerated hife testing (24L+12T)
Section-B
(Unit-1)
voteepts ot ume. Order and random censoring. likeithoud i these case. Life distribution Exponenual,
Ceeiine Merbull Lozgnormal. Parcto. Linear Failure rate Parametnic inference( Point estimation.
Coidence intenals Scores. LR, MLE testsRao- W HAS-Wald i for these distribution) Life tables tatlure
Seteomeun residuad hite and their elementan propertics Ageing classes and their properties. Bathtub
L e _ (24L+12T)
' ' o (Unit-11) -

[ <timation of sunvival function-Acturial Estimator. Raplan Meier estimmator, cstimation under the
sumption of IFRDFK. Tests of Exponentiality against non-Parametriz classes. Total time on test
L hpande test. Two sample problem-Gehan test, log rank test Mantel-Haenszel test Tarone-Ware tests.
Rank st tor the regression coefficients. Competing resks model. parametric and Non-Parametric
stlerence tor this model. Multiple decrement life table. (24L+12T)

Relerences:
£ Barlow RE wnd ProschanF . 1985) Statistical fhears o Rehability and Life Testiug. Hol,

Renchart and Winston. i

Lawless JF.01982). Statistical Models and Methods of 1 itp Time Daia- tohn Wil

v Ran b and Faeelhedic 1991 Singeaneal \y; drer ebichabili and Life Testine Model, Marce
Diehker :

S oNChon w P8 Applicd |ite Jatg A S el Waley

U DR and Onkes, Di1984) Anaby s o Sasoncad Data, € hapman and Hall. New York

‘o NHHer, RGOS, Suvival Anahysis fohn W iles

~ Ralbrlesnch J DX Prentice. R L{T980) the Statabical w\ua!,\\"s.x\j of Failure Time Data. John
Woden ; 5

Dy. Regintran
o (A(.;dcmicﬁ
niversiiy ¢

CLjisthan
LI




' PaperXv ) v
\dvance Multivariate Anabysis and Bayesian Inference
Section- A
(Unit-1)
Proccipal components., dmension reduction. canonical s angbles and canonical correlation delimmnen use.
crimiton and Campetanon, multiariate near regressicn moedel-esumation of parameters. tedsts of
e i potheses abags rezression co-efficicat Likeliheod Katiotest criterion. Multiv anate apah .o
S EOMANGN AL iz and wo way classitied dara (24L~12T)
(Unit-11)
Wshart matrin & s disiribution. Distribution el sample generalized varrance Non-Null distribution of
- pattial and muluple correlation coefficient d istribution of sample tegression coefficient. Distribution of
SETREE INIra-class correlation coefficient in a random sample from a symmetric multivariate normal
distribution Applicanion in testing and interval estimation. (24L+12T)

Section - B

(Unit-1)
Subjectne interpretation of probability in terms of fair odds. Er aluation of (1) subjective probability of an
cventusing a subjectively unbiased com(i1) subjective prior distribution of a parameter. Bayes theorem
and computation of the posterior disiribution Bayesian point estimation as prediction problem from
posterior distribution. Bayes estimators for(i) absolute errer less(in) sqsuared error less(iii) 0-1 less.
Leneralizauon of 4 common loss functions. Exaluation of the estimate in terms of posterior risk. Bayesian
viterval esimaton Exedible interval Highest posterior density regions interpretation of the confidence
co-etficient for a classical conlidence interval (24L6+12T)

(Unit-11)
Basesian testing of hy pothesis Specification of the appropriate torm of the prior disiribution for a
Bas ¢sian tasun of hypothesis problem. Prior odds. posterior odds, Bayes factor for various types of
testing hy pothesis problems depending upen wheather the null hypothesis and the alternavtive hypothesis
Hesimple or composite: Specification of the Bayes tests i the above cases. Discussion of lindley s

Puradon fortesting a point hy pothesis for normal mean agamst the two sided alternative hypothesis

!

Favesin predication problem.

Refferances:
' Anderson. T W An Introduction 10 Multiy ariate Stabistical Analvsis, 2" ed. Wiley.

2 Ferguson. TS, Mathematical Statistics., Acadenic Press
3 Kendall. N\LG. and Stuart. A - Ady anced Fheory of Statistic. Vol 1and 11,
4 Mormison DOF (i9761 \Nulin anate Statistical Vethods, Nice Graw Hill

S Kshirsagar, A N (jo™2 Multvariate Analvsis, Mareel Dekker.
6 Berger. J O: Staustical Decision Theory and Bavesian a:nalysis, Springer Verlag.
7 lLeonard, T and Hsu. ) S.J- Bayesian Methods. Cambnidge University Press.

Additional yefereuces:
" Rac, C.R: Linear Stausucal inference and its Applications, 2™ ed. Wiley
Srivastava, M.S. and Khatr, €G- An Introduction 1o A laltiv ariate Statistics. North Holland
Bernando, J M. & Smith A F AL - Bayesian Theors. John Wiley and Sons.
Box. GP and Tiao, G o Bayesian Inference in Stitrstical Analysis. Addison W isley

-~
-
v

i

%
v {
D iy
V. Re is!rar
it e 0T
EEE I N
lz".ii"i.-‘;‘;}th‘)“n




Paper-Xvii
Fconometries & Investment System
Section-A
(Unit-1)

v s Foonometnics The gensral imear medet tGLND and s extensions. Ordinary least squares
LN estimaton and predicnon. Use ot dummy vanvles and seasonal adjustment. Generalized jeqsi
SpuarestaL S restimation and prediction. Heteroscedastic disturbances. Pure and mixed estimation.
Greping of observations and of €QUANIONS AUlS correlation, its confequences and tests. Theil BLUS

- :rrrrc?duF:V'Eﬂsrmm'rcmﬁantfpredmmrrkmincr:»lline:ar’i(x*ﬁfdbl‘em. IS implications anmfs‘ﬁr_fﬁiﬁaﬁﬁg”'

the probiem. Ridge regiession. (24L+12T)

(Unit-1I)

Linear regression with stochastic regressor. Instrumental variable estimation. Errors in variables.
Autoregressive linear regression. Distributed lag models. Use of principal components. Ccanonical

voerrelations and discriminant analyses i economelrics. Simultaneous. Linear equations model. Examples.

Ienufication problem. Restrictions on structural paraineters-rank and order conditions. Restrictions on

sariances and conariances. Estimation in simultaneous equations model. Recursive systems. 2 SIS

Estimators, Limited information estimators. K-class estimators. 3 SLS estimation. Full information

maxnnum likelihood method. Prediction and simultaneous confidence intervals. Monte Carle studies and

simulation (24L+12T)

\

Section-B
(Unit-N

Main theme: Risk-Return Trade off. Money market. Fixed income, Equity, stocks and bonds Treasun
notes. Market indexes. Rates of interest. compound interest. inflation, Risk in a portitolio context. law of
cneoprice and arbitrage. Risk and sk ay eiotet Mean variance anaivsis, allocation between riskd and
PRI porttolias Diversitication and Pertichos sk NMarkovitz portfolio sclection, optimal pttoho,

(24L+12T)

(L nit-11)
Capital assest. pricing model. passive strateey | rish premium, index models and diversification, C AP\
and index model Opluns markets. American and Lurcpean options, call and put Oplions, apen strategies,
eptea like instruments,, vption vahrtion, Bingnai Cpien pricing, Black-Schioles option valuation, uscs
of Black-Scholes formula. Fut;ures markets. Moechames and strategies. Futures priccs. oxpected spot
Drives (24L+12T)
REFERENCES:
i Apte PG (1990) Test book of Economics Tata McGraw Hill
2 Cramer. 1S (1971): Ewmprrical Econometrics. North Holland
3 Qujarathi. D (1979): Basic Econometrics. McGraw Hill
- Intrulligator, MD ( 1980): Economeitric :\rlodcl:v'l“echniques and Applications, PH|

> dohnston. ) (1981): Econometric Mcthods. Third ed, McGraw hill
b Kk TR 1062y Anintroduction 1. cvatiatiitnics, Prentice Hall of India
© Budie 7. Kane. A and Marcus. 11996y Iy estment 4™ Edition, Irvin Chapters: 1.2.4-1020.22

Additiona) References:

Pl HE 24820 Intreduction o the oo and Practice of Fconometrics. John w iley
Woltera N civing ap D dUChon G b onorotrics, MeMidlan & co.
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Projecy work
Importanr:
he project work shall be based on either priman data iny olving field work or secondan data
Phe candidate will be required 1o Prepare comprehensive and critical reports on the same
- e teacher supervising the Project wopn Dissertation of a candidate shall be provided on f

podresho wwands his her supervision
o inaitthe theons opapers N1 A NS¢ (P
candidate will be required 1o
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revtotis & final Statistics Except paper XVIII the
answer fiye questions in all taking at least on question form each
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