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DEPARTME\*T OF STATISTICS AND OPERATIONS RESEARCH
FACULTY OF SCIENCE, A.M.U,, ALIGARH

Syllabus for Ph.D Admission Test 2024-25 Onwards

STATISTICS

SECTION -1

Ramdom  variables (RV). Probability mass fuoction (PMI), probability density function (PDF).
Cumalative distribution function {CDI) and its properties. Joint, marginal and conditional distributions.
Mathematical cxpectation and i3 propertics.  Compound, truncated and mixture distributions.
Dristribution of function of randott variables. s '

Discrefe and continuous distributions and their prepertics. Probability generating function (PGF),
moment generating function {MGF), characteristic ﬁmcﬂ‘ion and their properties. Inversion theorem of

charactenistic Tunction, Central md n@a—z.cmral ), ¢ and I distributions.  Multinomial distribution.
Bivariaie and multivarizte normal

et g

st probability and various mode of converpence and their inter-relationship. Wesk and
s of farge numbers. Central limid theorom.

lnequality
strong, law
Order statisties and distribation of order statistics. Moments of order statistics. Type [ and type li
gértsored samples.

Not-parameys 1@ pa esl, signed manlk lest, E\clrmwmn Sminov test, an rest, Wilcoxen Mann-
Whitaey test, Medan wst, Arsuri-Bragely test, Mood test, Kondalls tau resi, test of sandomness,
comsistengy of tea and ARI

i varisnes unblased sstimalor

ad differert methods of estisnation, M

cattont of Craneer-Rao soquality 0 olitain MU Rao-Blackwell and Lohman-
wations, Smazil and large sample properties of maximum Dkelihood

Criteria of 4 gond estimao
(MVUE) yolicalt
scheife thearems and their appls
catimator (MLE}

Maost powerful (MP3, urdformly most ;wwulul {UMPY and uniformiy most powerful unbiascd {UIMPL
tests. UMP esis manotone likeldhood ratio (MLR) family of distr lhmiu'it} ,;..|krc!;hcmd ratio test
(LRT) and its asvmptene distribution. Construstion of simifer and UMPL tests through SNeyman
structire. Tierval estimation and unsfvemly most accunate one sided interval and Us relation tn UMP

¥
’,
i

iesl.
wr distributions. Bayes and minimax

idea-of Bayesian inlerence, various 1oss funclions, prior and pos
estimators., Bayesian hypothesis testing, Bayesian interval estimation.

Concept of simple rudom sampling (SRS} and stratified mndom sampling, estimates of meen, 1ot
‘Swttm*ﬂu wmp?m" and resulls on estimation of population
’”1111')]“1;* estimalion of popalation

proportion and vanance of the estinia
mean and tweal Ratio and searession 1 v

mesn and itsovarance oased o Cluster of en fenee dn torms of i-ﬂr«»cim soreelation
coefficient.  Two slage sampling, “k‘: nale of postiation wial and mean wath equar first stage units.
§ fractions 'h,n_nhlc sarpliog for

sumphing ami sub-san
\estimation. Doube sampiing tor sin

vanances and their ost
Ratio and Regressinn mezio




B UE estimutors, Gauss-Markov thoorens, Fest of Bnear bypothesis Tor oae and twe way classifications,
Fised. random aad mined effect models. Variance componenis. Bivariste. sultiple and polynomis
regressiotis and use of orthogonal polynomials, Residuals and their plots as test for depanure from
assumptions of fitness of model, homogeneiny of variance and detection of eutliens, multicollincarity.

Singular and non-singular multivariate normal distribation. Wishart disteibution, Genernlized varianee.
Distribution of quadratic forms, Estimation of simple, partial and multiple correlations and their null

S el skl i C el . o 2 e - . .
dismribution. Hoelting 77 and Mabalanobis- D%, Principal component and canonical correlations.

Analysis of varisiee and covariance of CREY and RIBD. Missing pio techniques. 27 and 37 factorial

designs. Compilete and partial confounding. Fractional replication in 2" systems. BIBD. simple lattice
design, spiit-plot degien and sirip-plot design,

Pheory of simplex metheds. simplex algorithm, degeneracy. duality in lincar programining.
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OPERATIONS RESEARCH
SECTION-B

Convex sets, Convex hull, Convex cone, Convex and Concave functions, Separating and Supporting
Hyper-planes and their properties. Linear Programming Problems (LPP) and its Methods, Duality in LPP
and its properties. Revised Simplex Method, Sensitivity Analysis in Linear Programming, Parametric
Linear Programming, Bounded variable LPP theory, Multi-objective Optimization problems. Introduction
to Integer programming, Cutting Plane and Branch & Bound Methods. Basic concept of network analysis,
the maximal flow problem, max flow min cut theorem. The shortest route problem, minimal cost flow
problem.

Non linear Programming, unconstrained optimization: univariate and multivariate optimization problems.
Constrained optimization problem Kuhun-Tucker necessary conditions. Quadratic Programming,

Geometrie-programming, Separable-programming, Dynamie-programming. —_—— ————

Concepts of Quality, Variables and Attributes Control charts, Moving Average and Moving Range,
Exponentially weighted moving average, Cu-Sum Control Charts. Quality loss functions, Taguchi loss
functions, Capability indices Cp, Cpk, and Cpm, Estimation of the proportion of defectives (rework and
scrap) for Cp, Cpk, and Cpm. Acceptance Sampling, Single Sampling Plan and Double Sampling Plan.

Concept of a stochastic process and Markov chains and their properties, n-step transition probability,
stationary distribution, classification of states and Markov chains, Branching Process, Probability of
extinction, Random walk and gambler's ruin problem. Poisson processes, Nonhomogeneous Poisson
processes, Birth and Death processes, Processes, Yule Process.

Concepts & Properties of Reliability function, conditional reliability, Hazard Function (linear and
nonlinear) & Failure Rate. Standard Life distributions with their Reliability functions, conditional
reliability function, Hazard Functions with Applications.System Reliability: Series systems, Parallel
systems, Standby Systems, k-out-of-n systems, Series-Parallel systems, Parallel -Series systems,
availability, point availability, interval availability.

Concepts of inventory, Analytical Structure of Inventory, Single Item Inventory Control Models, with and
without Shortages, with Quantity Discounts(EOQ, POQ), Multi item Inventory Models with Constraints.
Determining of Safety stock and service level, P-System and Q-system. Single and Multi period
Inventory Control Models with Uncertain Demand, Scheduling Period system, Order level system with
uniform and instantaneous demand.Economic Production Quantity Model (EPQ), Joint Economic Lot
Sizing Model.

Concepts of Death and Birth process in Queuing system, Elements of Queuing System, steady state
solution, Measures of effectiveness of M/M/1 with finite ahd infinity capacity, M/M/S with finite and
infinity capacity, M/Ey/ | model.




Probability Measures & Properties,Conditional Probability, Bayes' Theorem. One-dimensional Random
variable- Discrete and Continuous; Distribution functions and their properties; Bivariate Random
Variables- Joint Probability functions, marginal distributions, conditional distribution functions;
Independence of Random variables. Functions of random variables: introduction, distribution function
technique, transformationtechnique: one variable, transformation technique: several variables, theory and
applications. Expectation, Variance, and Co-variance of random variables; Conditional expectation and
conditional variance. Chebyshev’s Inequality; Weak Law of Large Numbers, Strong law of large
numbers; Central Limit Theorem. Probability generating function (p.g.f.), moment generating function
(m.g.f). Discrete Distributions:Bernoulli, Binomial, Poisson, Geometric, Hypergeometric, Negative
Binomial, Multinomial, distributions- definition, properties and applications with numerical
problems.Continuous Distributions: Uniform, Normal distribution function, Exponential, Gamma, Beta
distributions (First and Second kind), Weibull, Cauchy and Laplace distributions, lognormal, logistic,
Pareto and Rayleigh distribution functions. '

Algebra of matrices, Rank of Matrix and its Properties, Echelon matrix, Normal form, Row canonical
form,' Diagonal form, Triangular form, Inverse of a matrix, Product Form of Inverse, Partitioned matrices,
Elementary matrices, Kronecker products, Eigenvalues and Eigenvectors, Caley-Hamilton theorem.
—————Simultaneous linear-equations, Gauss elimination-method, Applications—of System of Linear-Equations,
Gauss-Jordan-LU decomposition, Spectral Decomposition, Singular Value Decomposition, Quadratic ’
forms, Reduction and Classification of Quadratic forms.




