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FAROOK COLLEGE (AUTONOMOUS), KOZHIKODE

Third Semester M.Sc Statistics Degree Examination, November 2019
MSTA3B11 — Design and Analysis of Experiments
(2018 Admission onwards) _
Time: 3 hours Max. Weightage: 36

Part A
Answer all questions. Each question carries 1 weightage

Define linear model and Give the normal equation and Estimate sum of square of the
linear model Y = AP +e.
Distinguish between fixed effects model and random effects model .
Briefly explain the determination of sample size using operating characteristic curve
Why local control measure is not used in CRD.
Explain Student Newman-Keuls range test
How you apply experimentation principles for RBD..
Explain a Lattice design.
What is a balanced design and connected design.
Explain the Incidence matrix of a design.
Explain the advantages of Factorial design.
Distinguish between Symmetrical and Asymmetrical factorial
What do you mean by fractional factorial.
(12x1=12 Weightage)

PartB
Answer any EIGHT questions. Each question carries 2 Weightage

For the model (Y, AP, 6°I) and A= find all estimable functions and their best

pakt ok
(S o Y
o N O

estimates.

What is model adequacy checking? Explain how you verify the constant variance
assumption of a model.

.
L]

Define Graeco. —Latin square design with an example. Give the linear model and
ANOVA table.



16.
EZ.
18.
19.

20.

21.
2.

Explain the estimation of a missing value in RBD.
How you compare two designs. Compare the efficiency of RBD with CRD.
Explain a Nonparametric method for ANOVA.
Define BIBD. Establish Fishers inequality for a BIBD with b blocks of size k. v
treatments each replicated r times and any two pairs of treatments occur together in A
blocks .
Define PBIBD with2 associate classes with an example. Establish any two parameter
relations.
Define Youden square. Give an example and give the ANOVA table of the design
Define main effect and interaction of Factorial design and give the expression for the
interaction ABC for a 2° factorial with treatments A,B,C..Also find the expression for
sum of squares of the main effects.
Give the layout and outline the ANOVA for a 2*factorial with factors A,B,C.D in two
replications in which ACD, BD are confounded
Explain one-half fraction of a 2% design with an example. What is design Resolution give
an example of a Resolution III design.

(8x2=16 Weightage)

Part C
Answer any TWO questions
Each question carries 4 Weightage

State the assumptions of a linear model and explain how you check the validity of the
assumptions that should be satisfied by the model

Define concomitant variable. Develop complete analysis of Covariance (ANCOVA) with
one concomitant variable for two way classified data

(i) Develop intra block analysis of BIBD.

(ii)Write explanatory note on CBD and IBD
Give the layout of a 2° factorial with AE, BD and BCD confounded . Identify the

confounded effects and interactions . Outline the analysis of variance.
(2x4=8 Weightage)
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FAROOK COLLEGE (AUTONOMOUS), KOZHIKODE
Third Semester M.Sc Statistics Degree Examination, November 2019
MSTA3B12 — Testing of Statistical Hypotheses
(2018 Admission onwards)

: 3 hours Max. Weightage: 36

Part A
Answer all questions. Weightagel for each question

. Distinguish between type I and type II error. What do you mean by power of a test?

Define a) UMP test b) UMPU test.

What do you mean by the family of distributions having a monotone likelihood ratio
(MLR)?

Define the concept of invariance in hypothesis testing.

State Generalized Neyman Pearson lemma.

Explain locally most powerful tests.

Define OC function of SPRT. Point out its uses.

Explain Sign test.

Describe likelihood ratio test.

. Explain chi-square test for homogeneity.
11.
12,

Define UMP a.-similar tests
Explain sequential estimation

(12 x 1 = 12 weightage)

Part B
Answer any 8 questions. Weightage 2 for each question.

a4

Let X be normally distributed with o = 10 and it is desired to test Hy: u =

100 against Hy: u = 110 . How large a sample be taken so that P(accepting
Ho| H, is true) =0.02 and P(X € W| Hy) = 0.05.

Let X;and X, be two observations independently drawn from a population with

density (x,0) = 0e~%%, 9> 0. Wereject Hy: 0 = 1 vs Hy: 6 = 2 ifX1 + X,<1.5.

Obtain power and size of the test. 5
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f(x,8) = e=*~9 geR,x > 6. Find the MP test for testing Ho: 6 = 6y vs H;: 0 =
0,(6;, > 6,) .
Obtain a UMP test for testing Hy: M < My vs Hi: M > M, based on a single

observation from hyper geometric distribution having p.m.f.

fl;m) = (Mcx)(;:(;MC“_X); x=0,1....M.

Explain Bayesian hypothesis testing.
State and prove Wald’s fundamental identity.
Construct the SPRT for testing Ho:Hy: 4 = 0 against Hy: 4 = 1, where u is the mean

of normal population with o=1.

. Obtain the OC function with respect to the SPRT for testing Hy: A = A, vs Hi: A = A

based on observations from Poisson distribution at strength (e, B).

. Distinguish between Chi — square tests and Kolmogorov Smirnov tests.

. Show that the Kolmogorov- Smirnov statistics are distribution free for any continuous
distribution function F.

. Discuss Wilcoxen Signed — Rank test, and examine its consistency.

. Explain the advantages of non parametric tests over parametric tests.

(8 x 2 =16 weightage)

Part C
Answer any 2 questions. Weightage 4 for each question.

Let X be an observation in (0, 1). Find an MP size a test of Hy: X ~ f(x) =

4x,if 0 <x <,and =4 —4xif><x <1,against H: X ~ f(x) = 1if 0 <x <
1. Find the power of the test.

Let a random sample X, X;, ..., X;; has been drawn from a normal population

N (g, 0%). Obtain a likelihood ratio test of Hy: 02 = of against H,: 62 # o2 when
population mean u is known. 4
Derive the asymptotic distribution of the likelihood ratio statistic under the null
hypothesis for testing a composite hypo’éhésis with 7 degrees of freedom against a
composite alternative with z ( >7) d.f.

Describe the Mann Whitney U — test for two independent samples. Derive the
relationship between the Wilcoxen statistic W and U — statistic and the expression for

the mean and variance of U under the null hypothesis.

(2 x 4 = 8 weightage)
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Third Semester M.Sc Statistics Degree Examination, November 2019
MSTA3B13 — Multivariate Analysis -1

(2018 Admission onwards) :
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Sectlon. A
Awar all que.n‘wns Each. questwn carries one Weightage.
Find the mea.ﬁ vector and dispersion matrix of a ran'dom vector whose pdf is

fir,a) = QI_E $2e" 497 H2ay—200-100488) _ o 2y < g
AT ;

Describe the condition for independence of two quadratic forms in X, where X has a multxvanate RTE
pormal d.zsmbutxon, N (0,%). '

Descn”be smgula.r multwmate norma.l dlstnbutmn

! Gwen ra.ndom s.a.mples of sizes N; and N» from two mulhvanate norm.al populatmns Np(,ul, ¥) and
Np(p2, L), describe the confidence r_egmn for py — po whe_n ¥ is known.

, W’rite down the density fm:lction of Wishart 'distﬁbutioﬁ W'ﬁa.t are its parameters?

] Wnte down the dlstnbtmon of sample generahzed variance based on a random sample ﬁ'om a multu
l normal dlstnbutmn

Distinguish Netwesel partial correlation and multiple correlation. -
P Write down the distribution of sample partial correlation coefficient.

) Define canorical ccrrela.’cion.

Write down Hotellings T2 statistic for testmg the equality of mean vectors of two multwa.nate norma.l

population with equal covariance matrix.

=

Bring out the relationship between _Hotgilin;gs T? and Mahalanobis D? - tatistics.

2 - G o T R e L g
Let | X3 | ~ Ny(0, %), where £ = 080 1 | —0.56 |.Find the distribution of -
X3 _ —0.40 -036 1 il

e 2X2_ - 3X;;. .

(12 x 1 =12)




Section - B
Answer any eight questions. Each question carries 2 weightage.

13 Show that a random vector X has multivariate normal distribution if and only if every linear combi-'

nation I’ X.is univariate normal.

14 Derive the characteristic function of multivariate normal c‘-.istribqtion.

15 Let X ~ N,(0,X) and C be a nonsingular matrix of order p. Prove that ¥ = CX~ N,(Cu, CZC').

- .16 Show that the sample mean vector and sample msperswn matrix based on a ra.ndom sample of size

&omN (12, T) are mdependent

i'? If X~ Np(0,Z), prove that the quadra.ulc form X'AX has chJ-squa.re dlstnbutlon W’lth T degrees of
freedom if and only lf A is an 1dempotent matruc of ra.nk T

18 Denve the cha.ractensnc funetion of W Isha.r‘c dlstnbutlcn.

A A

ALl ) peﬁEE-‘All.2_ =

19 Let 4 ~ Wp(n, E) and vnth usual nota.tmn A is pa.rtltmned as (
An - A12A22 Aaqp. ShOW that An o~ “V (n i1, g)

20 Demre the sampling dsstnbutlon of smple correlatxon coefﬁc:ent

21 What you mean by ca.nomca.l vanablas‘?‘ Descnbe the Jmportzmco of canomcal vambles in multwanate .

22 Let X~ Np(, D) and X is partitioned into two sub vectors X @ a.nd X, where X (%) contains the

first g Componenta of X-and X the remaining. Descnbe how do you test the 1ndependence of the
sub vectors X1 and X2 i . iy

23 Dlscuss the problem of symmetay of multwana.te norm.a.l dlstnbutmn How do you test the hy'pothesw o
" that multivariate normal dzstnbutlon is symmetnc :

24 Wn_te 2 short note on multivariate analysis of variance. St . (8x2=18)
Section - C
. Answer any two questions. Each qﬂestion'cah‘ies 4 wez’ghta.ge.

25 Starting with the density of univariate normal dlstnbutwn cienve the density furiction of multzvanate

normal distribution. Identify the para.meters of the multwana.te density you derwed .

26 Derive the maximum likelihood estimators of the pa.rameters of the multivariate normal distribution.

Check whether the MLE's are consistent and sufﬁcmnt

27 Whau is FlShE:PBehIEIl S problerz_i? How do you solve this problem? Explain.

28 Define Hotellings T statistic. Derive any three prdperties of Hotellings 72 statistic. . = (B 4_:8)-
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Third Semester M.Sc Statistics Degree Examination, November 2019

MSTA3E1(08) — Computer Oriented Statistical Met
(2018 Admission onwards)
3 hours

PART-A
Answer all Questions
Weightage 1 joi cach question.

Write down a useful R command for inputting small data sets with

2.5.1,6,5,5,4and 1.

hods

Max. Weightage: 36

components

Write down the command for editing an already defined dataframe.

Write down the syntax for plotting a histogram.

Explain the output of the command solve(A,B).

What is the use of the attach( ) function?

Explain the syntax of “if loop” in R.

Describe bootstrap estimation of standard error.

Explain the estimation of bias using Jacknife method.

Briefly explain the construction of bootstrap confidence interval.
Explain the Basic Concepts of EM algorithm.

Define a Kernel and state its properties.

. Write a short note on non-parametric regression method.

(1

2 x 1=12 Weightage)



Section - B
Answer any eight questions. Each question carries 2 weightage.

13 Show that a random vector X has multivariate normal distribution if and only if every lin;_ea;; combi-

nation I’X.is univariate normal.
14 Derive the characteristic function of multlvanate normal ¢st*1but10n
15 Let X~N »(0,Z) and C be a nonsingular ma._trix of arder p. Prove that ¥ = CX~ N,(Cp, CZC").

16 Show that the sample mean vector and sample dmpersmn matrix based on a random sample of size

\t from N (,u, ) are mdenendent

17 If X~ Np(0,X), prove that the qna.dra.ulc form X'AX has chz-square dlstrlbutlon with T deo"ees of

freedom if and only if Aisan 1dempotent ma.tnx of ra.n.k I.
18 Dervve the cha.ra.ctensnc function of W mnart d]strlbutlon

A A ) Deﬁﬁe-'All.gl-='

.19 Let A ~ W'p(n E) and With usua.l notatmn A. is pa.rtmoned as ( ; b

Au — A2 AZT An. ‘Show that Anz ~ W (n, S12:2)-
20 Derwe the sz.".rzzph:;lf-r dasmbumon of 51mple correla.tlon coeﬁiment

21 What you mean by ca.nomcal vanables‘? Descnbe the mponancﬂ of canomcal variables i in multwanate .
analysis. ' ' '

22 Let X ~ Ny(u, ) and Xis partitioned into two ) sub vectors X(lJ and X( 2 , where X(” conta.ms the _

ﬁ:st q componenta of X and X the remaining. D&:cnbe how do you test the mdependence of the
sub vectors X1 and X®. 1R ’ '

23 Discuss the problem of symmetry of mnltwana.te norma] d.zstnbutmu How do you test the hypothes;s :
that multwanate normal distribution is symmetnc

24 Write 2 short _ncte on multivaria.te analysis of va.ria.nce.--- ! : oy (8x2=18)
Section - C

. Answer any two gﬁestiom. Each. question carries 4 weightage.

25 Starting with the density of univariate normal distribution derive the density function of multivariate

normal distribution. Identify the para.meters of the multivariate density you deﬂved..

26 Derive the maximum likelihood estimators of the parameters of the multivariate normal dls*nbhtion

Check whether the MLE's are consistent and sufficient.
27 What is.Fishe:-Behren’s problem? How do you solve this problem? Explain.

28 Define Hotellings T2 statistic. Derive any three properties of Hotellings T statistic.
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PART-A
Answer all Questions
Weightage 1 joi cach question.

. Write down a useful R command for inputting small data sets with

231,65, 5, 4and 1.

hods

Max. Weightage: 36

components

Write down the command for editing an already defined dataframe.

Write down the syntax for plotting a histogram.

Explain the output of the command solve(A,B).

What is the use of the attach( ) function?

Explain the syntax of “if loop’ in R.

Describe bootstrap estimation of standard error.

Explain the estimation of bias using Jacknife method.

Briefly explain the construction of bootstrap confidence interval.
Explain the Basic Concepts of EM algorithm.

Define a Kernel and state its properties.

. Write a short note on non-parametric regression method.

(1

2 x 1=12 Weightage)




PART B
Answer eight Questions
Weightage 2 for each question.
13. Explain R programming as a statistical software and language.
14. What is a data frame in R ?
15. Explain the uses of rbind( ) and cbind( ) functions.
16. Explain the construction of an R function with an example.
17. Explain the use of histogram. Give the R command to draw the histogram.
18. Write a program in R to generate a one dimensional random walk process.
19. Describe the application of jackknife method in cross validation.
20. Explain the concept of bootstrap t-interval.
21. Explain bootstrap estimation of the bias and standard error of the correlation statistics.
22. Explain the solutions of likelihood equation using EM algorithm.
23. Explain the application of EM algorithm in incomplete data problems.

24. State the properties of Kernels.

(8 x 2 =16 Weightage)
PART-C

Answer two Questions
Weightage 4 for each question.
25. Describe the use of plot function. Explain the meaning and effect of each of the
arguments of the following R function plot( ).
26. Write down the syntax of the R function to draw a boxplot, explaining all its arguments.
What are the informations that one can get from a boxplot?
27. Derive the EM algorithm for a finite normal mixture model.

28. Describe the various kernel density estimation methods.

(2 x 4 = 8 Weightage)
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FAROOK COLLEGE (AUTONOMOUS), KOZHIKODE

Third Semester M.Sc Statistics Degree Examination, November 2019
MSTA3E2(09) — Life Time Data Analysis
(2018 Admission onwards)
Time: 3 hours Max. Weightage: 36

Part A
(Answer ALL questions. Weightage 1 for each question)

Define discrete time hazard function and give the expression of survival function in
terms of hazard function in discrete case.

Distinguish between censoring and truncation.

Explain mixture models in the context of survival analysis.

Define Nelson-Aalen estimate.

Describe the utility of probability plots in the analysis of lifetime data.

Describe a method of estimating hazard function.

Obtain an exact confidence interval for the parameter when the lifetimes follow

exponential distribution.

What are threshold parameters? Mention the role of it in three parameter Weibull

distribution.

What is accelerated lifetime model? Explain.

. Describe a graphical procedure to check for proportional hazard function.
. Define Lehman family of life distributions. Show that Cox proportional regression

model belongs to this family.

. Explain generalized Wilcoxon test.

(12 x 1 =12 weightage)

Part B
(Answer any EIGHT questions. Weightage 2 for each question)

. Examine the monotone behaviors of Weibull distribution with survival function

F(2) =exp{—~(i1)*},a, 4> 0.

Obtain the survival function and hazard function of log-logistic distribution and examine

1tS monotone behaviours.

Distinguish between type II and progressive type Il censoring. Obtain the likelihood

function in each case, based on a random sample of size n.

Describe the inference procedures for right truncated data. 2




17. State and prove Greenwood formula.

18. List the different diagnostic plots that involve survival or cumulative hazard functions.
Explain any one in detail.

19. Explain likelihood ratio tests procedure for comparing two exponential distributions.

20. Obtain the methods of construction of confidence intervals for the parameters of location-

scale distributions.

| 21. Obtain the exact methods for Type 2 censored test plans based on exponential

distribution.
| : 22. What do you mean by partial likelihood? Describe the method of estimation of

‘ parameter vector S using partial likelihood.
‘ 23. Define accelerated failure time regression models and describe the inference procedures
] of it.
‘l 24. What are log-rank tests? Explain.
' (8 x 2 =16 weightage)
II | Part C
' (Answer any two questions. Weighage 4 for each question)

25. (a) Discuss the role of lognormal distribution in survival studies.

MAn et

:A,t >0. Show that the
['(k)

[ (b) Consider a gamma distribution with pdf f(¢)=

]I hazard function for this distribution is strictly monotone increasing if £>1 and

‘ strictly monotone decreasing if £ <1. In both the cases, show that lim,_ A(t) =4,

|| where A(f) denote the hazard function.

, 26. Derive the Kaplan-Meier product limit estimator and discuss its properties.
-T 27. Explain the likelihood-based inference procedures when random sample of lifetimes

follow Weibull distribution.

! 28. Describe the procedure for comparing two or more life distributions using proportional

hazard model.

(2 x 4 = 8 weightage)




