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Answerany F21E (05) of the following questions, Al auestions carry cqual marks

1. &) What do you mean by equivalence estimator? Define the location and seale invariance of an
cstimator, minimum risk equivalence estimator, and Bayesian estimator.

b What do you mean by Pitman Closer and Pitman Closest Fatimator? What are the locations

and scale parameters?

o) Let X, .\, X, be arandom sample of size n from the density,
1
f(x;0) = 5:0 < x <20

Find the Pitman estimator for scale parameter 6.

2. a) Whatis the ellipsoid of concentration and Wilk’s generalized variance?
b) Discuss and derive Bhattacharyya's lower bound. Discuss Chapman Robbins and Kiefer

inequality with suitable examples.
¢) What s joint completeness? Let X;, X,.... X, be a random sample from,

1
f(x; 81,6,) = ——l0,0) (%)
62— 6

where, 8, < 6,.LetY; = min [X,,X,,...X,] and ¥, = max [ X, X,,... X, ]. Show that ¥}

and Y, are completely sufficient.

- 3. a) In what situations might bootstrapping be preferred over traditional parametric methods for
statistical inference? Describe the Bootstrap algorithm for estimating standard errors.
b) Given the data set: 10, 15, 20, 25, 30, use the Jackknife method to estimate the variance. Test
whether the Jackknife estimator of variance is unbiased based on this data. Also, construct 2
95% confidence interval for the Jackknife estimator of variance. ’
¢) Distinguish between Confidence Interval and Credible interval. Let x,, x;, -+, %, be a random

sample from N (O, 0'2). Find a large sample confidence interval for o with an approximate
confidence coefficient 1-a .

4. a) Define Bayes factor. When should one use a Bayes factor instead of p-values for hypothesis

testing?

b) Show that Bayes factor in fa
of alternative and null hypothesis.

¢) Suppose X~N(0,2). Assume that Hy,

i, find Bayes factor in favor of Hy and int
Ifn = 10,% = 1, obtain Posterior odds in favor of Hy.

vor of alternative hypothesis is nothing but the likelihood ratio

H,are equally likely. To test Hy:0 = 0v.s. Hi:0 =2,
erpret the result.

ii.
dence belt and confidence interval.

b) Define uniformly most accurate unbiased (UMAU) family of confidence set with example.

¢) Imagine a factory where the time taken by a machine to produce a widget is believed to be
exponentially distributed with a parameter . After observing the machine's performance, it's
deduced that the time 7 to produce a widget is governed by:
ft]6)=38¢7" >0

evious data, the factory manager believes that the parameter
a recorded production time

5. a) What is confidence sct, confi

o itself has an exponential

From pr .
distribution with a parameter of 4. Given 1, what is the posterior

distribution of 67



a)

b)

2)

b) Let o, and f3, be preassigned proper fractions in SPRT defined by 4, = W =72

©

What do you mean by Conjugate family of distribution? Show that family of univariate
normal distribution is closed under multiplication.

Explain the concept of a conjugate prior in Bayesian statistics. Provide an example of a
likelihood function and find its conjugate prior, interpret how the conjugate prior simplifies
the process of updating beliefs with new data.

Define Jaffrey's’ Non-Informative prior. Show that Jeffr
with parameter @, is nothing but a proper Beta (1/2,1/2) Distribution.

ey’s prior of Bernoulli distribution

Define Most Powerful Test (MP), Uniformly Most powerful Test (UMP), Unbiased Test. If

UMP test exists, discuss any technique or theorem to find it.
Let X,,X,,..., X, be a random sample from N(0,0), where @ is unknown. Show that, there

is no uniformly powerful test for testing the simple hypothesis H, : 6 = 0, where @' isafixed

number against the alternative composite hypothesis H, : 0 # g'.
Let X have the PMF f(x;0)=6*(1-6)", x=0,1, zero elsewhere. To test the hypothesis

|
H,:0= sz. H :0 <%by taking a random sample of size 10, show that, the best critical

10
region is Z x, <1 and also a UMP Test. Also, find the power function y(@), 0<0< % and

i=1

draw the power curve.

What do you mean by Wald's Sequential Probability Ratio test? When would you choose a

sequential sampling approach over classical fixed-sample approach for hypothesis testing?
a, e l-«,

>

B. .

-,

(24
show that « < Z—, B <

=7
Suppose, X~Poisson(0). Find the sequential probability ratio test for testing. H,-6 =0.02

against H, :6=0.07. Show that this test can be based upon the statistic ZX L Ha,=020

i=1

and B, =0.10, find c,(n)and ¢,(n).
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|Answer any five (05) questions. All questions carry equal marks]

a) What do you mean by multivariate analysis? [Tow can researchers use multivariate analysis
to make a productive analysis plan?

b) Let Xy, X3, ..., X, arc independent and identically distributed (IID) with N,(0, ). Find the

maximum likelihood estimate (MLE) of X. Show that it is an unbiased estimator of X.

3 00
Let Xbe N3(i, ) withp =[5 3 2] and E=[0 4 1],

01 9
(i) Are % and X4 + X3 independently distributed? Explain.

¢)

(i)  Find the conditional distribution of X; given X; — 2X, + 2

a) How can you access the assumption of multivariate normality? Describe. Discuss the steps of

detecting outliers in a higher dimension of the multivariate data set.
b) If X;,X,,..,X, be independent observations from a population with mean u and finite
covariance X, then show that n(X — p)’'S™1(X — p) is approximately distributed as x5 for
large n — p.

What are the most common multivariate quality control charts? Def' ine them with their uses.

Construct a T2 chart for the data in Table 1. Use o = 0.01. Hence , comment.
Table 1: Two measurements of stiffness with bending strength.

x; 1232 1115 2205 1897
Xy 4175 6652 7612 10914

Where, x; = stiffness and x, =bending strength are two measurements in pounds/(inches)?

for a sample of 4 pieces of a particular grade of lumbers.

3. a) Explain the use of distance in multivariate analysis. Which distance is more preferable in

b)

'C)

4. a)

b)

©)

statistics and why?

Define Hoteling T? statistics w1th its applications. Let X4, X3, ..., X, be a random sample
from Ny (m, Z), then show that T2 can be expressed as a function of Wilk’s Lambda.

What do you mean by confidence region of p, where X~N,(p, X). Construct the 95%
confidence region of u for n=40 pairs of observations having,
0.567 [0.014 0.012]

0.603 0.012 0.015
Hence, check whether, p’ = [0.560 10.580] is in that confidence region.

Define the multivariate multiple regression model. What are the advantages of the
multivariate multiple regression model than its counterparts? o
Suppose the maximum likelihood estimator of B = [Bu) i Be) i Byl 18 B=

(Z'7)~17'Y determined under the multivariate multiple regression model with the e;rors >£
have a normal distribution and the design matrix Z having full rank (Z) = r+1,n -
(r+1) + m, then show that B has a normal distribution with E(@) =B an
COV(F(i)'ﬁ(k)) =on(Z'2)7Y; Lk=1,.

Suppose 10 American companies’ sales dnd profit are two responses u,gressed on the

. 1.
covariate asset, specify the mathe smatical form of the multivariate multiple regression mode
How could you test Hg: B = 0 for the model.




5. a) What is principal component analysis (PC'A)? Describe the advantages and disadyant
e o axnlat s role of g N il HPNE S sadyantages
PCA. Also explain the role of PCA in multivariate analysis with suitable example o
9 N e N ' a Z
b) Let X' = |.X|,X2,---,X|,.| have covariance matrix ), with eigen value-ei
Ay o0 (hg. € " gen value-eigen vector pairs
1€ »( -Z:Lz)p"‘r()\ppep) WI\CTUA] ;_’_)Ll -] ---;Lp e | lCtY1 ,.e’x Y. e,x
A 2 N— " = ¥ 2 = €y s =
epX be the principal components. Then b
p p
oy + 0+ +o,, = ar :
n"EVllx = _E: )
V| £y ar(X) =A + Ay 4+ lp = Val*@(‘i)(,‘f'\
¢) Determine the population princi p e
ilation principal ¢ ) ¢ ; ;
I pal component Yyand Y, for the covariance matrix

o (5 2)
= /“'
Also calculate the proportion of total p(i‘)ul fiz ; '
a ation covariance explaine irst princi
omonent covariance explained by the first principal

6. a) Define canonic i '
ical correlation and canonic: riable i
canonical correlation analysis? State df(‘{‘ i3 s th? PRIPosS of PeroTeE fhe
anislysis, prove all the properties of canonical correlation
b) Suppose
p<q and p{’=pi2> *2 ;
2y w1y z—1/zpl = P22 ..2p," be the p ordered eigenvalues: of
fuf 12f 22 Z21 X5;"" with corresponding eigenvectors ey, e5,...,€,. Also let
1, f2,..., fp be the eigen vector: =1/2 -1 -1/2 .
o 512 3 s sof 25" ¥p1 X137 Zqz X5," ", Where each f; is proportional
22’ Z21 Xiie;. The random vector X and X® have covariates £,; and Z
res, i i 1 22>
3 P ictzlvely with Cov(X( )i/),(z(Z) ) = X15. Then show that the k'™ pair of canonical variates
=12,..,p, U = e X, ) _ gry—1/2 PR 2
© Use Bartlettpt - k = erZ; XM and Vi, = £i25,7“X® maximizes Corr(Uy, Vi) = pi
est to find the number of significant canonical correlations for the following

studies,
() Withn=456,p=4,4=5p;= 0.67,p5 = 0.23,p4 = 0.07 and p; = 0.03.
(i) Withn = 744,p = 6,q = 4,p} = 0.46,p3 = 0.38,p5 = 0.12 and ; = 0.04.

7. a) Whatdo youmean by discrimination and classification in multivariate analysis? What are the

goals of discrimination and classification?
for two multivariate normal populations. Also,

b) Discuss Fisher’s linear discrimination function
describe the allocation rule based on this function. 9 7 6 9
37 69 111[24 %1‘/{5 7
Consider the two data sets, X3 = [24 and x; = [57 4 7 4 ¢
4719 i 48laxn. [
porwhih, = [2).7 = 5] 1S = 3] Csfhal,

(i) Calculate linear discrimination function
(i) Classify the observation xy = [27] as population /Ty

suitable rule.

or population [T, using any

analysis? When should it be used instead of factor analysis?

and similarity measures?
Justering algorithm? Describe t

8. a) What do you mean by cluster
What are the different distance

b) Whatare the different types of ¢ hem in brief.

+ ¢y Consider the matrix of distances
¥ A 1 2 3 4
1 |0
2 |1 0 .
3 |11 2 0
4 5 3 40

sing each of the following procedures.

hierarchical procedure.
ierarchical procedure.
hical procedure.

nd compare the rest

Cluster the four items U
(i) Single linkage

(ii) Complete linkage h

(iii) ~ Average linkage hierarc

i (Q), (ii), and (ii1)-
(iv)  Draw the dendrograms & Its in (i), (11), and (iii)
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Answer e (!
[Answer any five (05) questions. All questions earry eqqual marks|

A, Ixplain the term (1) T ot (1) Pxperi
cm}‘t ¢ term (1) Treatment (i) Pxpetimental unif (iii) Yield (iv) Block (v) Fxperimental
b, Dcscnbf‘ ”TC coneept of all basic principles of the Design of experiment. Write down hos
l{lcsc principles are applied to provide valid interpretations of data. | R
c. 'hT compare the four mixtures, three different samples of propellant are prepared from each
mixture and readied for testing. Each of the three investigators is randomly assigned '(’”;(‘
sample of each of the four mixtures and asked to measure the propellant thrust‘ These d'u;
are summarized next. R

Mixtures —— ___l_migsilga to; 7 i
1 2 3
1 2,340 2,355 2362
2 2,658 2,650 2605
3 24 2458 2560
4 TT2403 2410 2418

- i.  Identify the blocks and treatments for this Ek‘pcfihc;tal-&esign.

ii. Indicate the method of randomization.
iii. Write down the name of the appropriate design for this data. Explain the reason for your

choice.
iv. Conduct the ANOVA table for the data set when the observation for 3" mixtures and

27 investigator is missing.

a. Define variance component analysis. Write a random effect model and its assumption for
two-way Classification with a single observation per cell. Conduct an ANOVA table and

ance components. Find the variance of the estimates. '

b. The management of a pouliry farm collected 10 varieties of dry concentrate for chicks of 7
different ages. Each concentrate was continued up to the age 45 days of chicks concentrate
to the chicks and 5 varieties of dry concentrate and 4 different ages were randomly selected.
The concentrates and different ages were given and then the weights of the chicks were
recorded. Based on this information complete the following table and find the variance of the

estimate the vari

estimates - I ——
' SV df SS E(MS) v
g - sS4l T -
Concenfrate - 2.17 - -
Error - 0.55 -
Todd - -

jown the reason why Latin square design is called

tive study between LSD and Graco LSD.

SD with k treatment, state, and
Set up the ANOVA table and
| the efficiency of this

Define Latin square design (LSD). Write ¢
incomplete block design. Make a compara
b. Conduct a layout plan for the Latin square design (i.c.,) l
explain the model of this design with necessary assumptions. Set
write down the decision rules for testing different hypotheses. Finc

design compared to CRD.



4. g, What do veu mean by analy sis of ¢ ovatianee (ANCOVA)? Give an example whiere it 15 used,
e Net up a mathematical model for ANCOVA in RIVD with two concomitant varnables and

discuss the analysis procedure of sach data

S What s split plot design? Discuss how it differs from tandonuzed block design and
contounded design. Mention the situation where a apht plot design 4 used
b Discuss the procedure of analyzing data obtained from a aphit-plot design with two Factors

PI'CP.\H‘ the ANOVA 1able.

& What is confounding and what ac its necessity? Discuss different types of confounding with
\‘\.anl\‘x

b Discuss the block consist of 2" factorial experiment i ABCD and AC interactions are
simultancously confounded in the same teplication. Discuss the procedure of analysis of data
to test the hypothesis.

7. a. Define an meomplete block design. When incomplete block design becomes balanced. For 4
BIBD with the usual parameters, show that
LA =D =rk=1)
n b>v
. r >k
b. Describe the procedure of analysis of data obtained from a BIB design. Construct a layout
plan for a BIB design having parameters b=v =1 lLr=k=5,A=2.

8. a. Define Concomitant variables as well as analysis of covariance with examples. Give an

example where it is used. Write down the difference between the analysis of variance and the
analysis of covariance. ( ‘

b. A feeding trial experiment was conducted to compare the effects of two different feeds on
the weight gain of goats in a firm. Feeds were given to selected goats for 3 months and gain
weight was recorded. Tabulated results of the experiment showing initial weight X (in kg)

and gain in weight Y (in kg)

Fy F,
".‘ X y X Yy
' 5.5 1 75 25
6.5 2 5 1.5
' 4.5 1 6.5 1.8
75 1.6 6 2.0
CTotal 24 56 25 18

1. Write down the appropriate ANCOVA model for this data. Justity your choice.
ii. Complete the ANCOVA 1able.
iii. Conduct a test procedure o test whether two foods are the same.
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|Answer any three (O gquestions, Al questions carvey equal marks)
1. (0 What is the major objective of using probability propottion to gize (PPS) sampling? Fpla
. .y \ . i & & " ' & . "
in bricl, List a few situations where probability to gize with replacement (PPSWER) sampling
can be used in actual practice. Also, disenss at least one method of selecting a sample h)
PPSWR sampling, ‘ 1
(b) Let there be a population of N units and we want to seleet a sample of nounits, For this
selection, the population is randomly divided into n pgroups of sizes Ny, My, .., N,y such that
T - TR S— i . ) . ' ' l o
Y N = N For the first group, we select Ny units out of N units with SRSWOR sampling,
Then the second group, select Ny units out of (N = Ny ) units with the same sampling scherne
and so on. Then one unit is deawn from cach group with probability proportion to size of the
units in that group. For this schema, show that (under usual nofation) an unbiased estimator

of population total is given by

~ Vi =
\ Y:::Z—-ﬁ:——’ ‘[i::ZP”
i=1 (:C—i') /ENl

Also, give an expression for the vnbiased estimator of V(V).
(¢) Find the gain in efficiency due to sampling with varying probability over simple ranc

sampling with replacement (SRSWR).

fom

' 3. (a) Describe asituation where two-stage sampling is appropriate. Explain the difference between

stratified sampling and two-stage sampling.
(b) Prove that the mean per sccond-stage unit in the sample is an unbiased estimate of the

population mean for two-stage with equal first-stage units. Also, obtain the variance of the

estimate of the mean.
(¢) Find the best possible first-stage units in two-stage sampling.

3. (a) Under what circumstances successive sampling is used? Give example.
(b) What are the reasons for using sampling over successive occasions?
(c) Suggesta best linear estimator of a population characteristic (e.g. mean) on current 0ccasion.
Verify your proposal. Find the optimum size of unmatched sample on the second occasion.

e sampling? Explain the situation where double sampling is

4. '(a) What do you mean by doubl
g designs. What are the negative features of double

’ necessary compared to other samplin
sampling? Explain them.

(b) If the sample is random and size n', the second sa
1 and v, are fixed, then

stimation. Show that,

mple is a random subsample of the first
size Ny, = 1y, where 0 < vy < show that ¥, population mean in
case of double sampling for regression method of ¢

. 1 1 WpSh (1 2 . .
T Y= 62[=~== NV /BAM/ sre §2 i y : .
v(Jg) =S (n, N) + 2R (vh 1), where §# is the population variance.
ister sampling with unequal cluster size? Let M; be the

5, (a) What do you mean by single-stage clt
er. Draw a sample of n clusters with probabilities

sumber of elements of the ith clust
proportion to their sizes M; and with replacement.

(b) Supposc that a sample of n cluster is drawn with probabil
ssedd estimator of population total Y is

" M

itis 7 = % where M, = L2y Mi
Mu

and with replacement. Show that, an unbi ¥=

-y y; Alsa, find the sampling variance of Y.
i

i=1
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[Answer any three (03) of the following questions and all question carries equal marks, |

QL. (a) What is meant by Data Mining? Bricfly mention the Data Mining development and explain

the different data mining tasks with examples.

(b) Explain the different types of Knowledge Discovery in Database (KDD). What are the
different types of data in Data Mining? Briefly explain with an example.

(¢) Briefly discuss the different types of Similarity Measures used in data mining. Is Correlation

a similarity measure? Why or why not? Explain.

Q2. (a) Define naive Bayes classification, and what makes it “naive” in its assumption?
(b) The following data describes four characteristics from the all-electronics customer database

ID Age Income Student Credit_rating
1 Youth High No Fair-v
2 Youth High No Excellent
3 Middle-aged  High No Fair
4 Senior Low No Fairp”"
5 Senior.’ Low Yes Fair y<—
6 Middle-aged Low Yes. Excellent

7 Senior.  Medium  Yes. (Excellent w

8 Youth Medium No Fair v

9 Senior High No Fair __
10 Youth Medium Yes Excellent
11 Middle-aged High Yes . Excellent
12 Senior | Low No. Fair® —
13 Youth High No - Fair -~

Calculate the following terms from the above dataset using income and student: Information
gain, gain ratio, and Gini index. oongidot areadt Tuk ry ay Hwe alasr b el
(¢) Briefly explain the concepts of ID3, C4.5, and CART. s b

Q3. (a) What is meant by Artificial Neural Network (ANN)? Briefly explain the different steps of
ANN.

(b) The following result (Table 1) was found for test data after applying the k-Nearest Neighbor

(KNN) algorithm to the atmospheric data from a region of Bangladesh to classify the raintall

(RAN) [No Rain and Trace (NRT), Light Rain (LTR), Moderate and High Rain (MHR)]

based on Temperature (TEM), Dew Point Temperature (DPT), Wind Speed (WIS), Humidity

(HUM), and Sea Level Pressure (SLP) for the optimal value of k=9 and Seventy percent
observations were used as training data and the rest of data as test data.

Table 1: Confusion matrix for the test data.

Predicted ——.[
Category | LTR | MHR | NRT |

Actual LIR 65 E | 0w
MHR 12 53 [ 5 7
NRT [*8 | 0 | 73 |

1)  Whatis the actual number of observations?
ii) Find the prediction accuracy rate and error rate for test data. )
iif) Obtain the value of Sensitivity, Specificity, and Fi-score for each category LTR,
MHR, and NRT.
(¢) Describe the backpropagation method of training an artificial neural network.



Q4. ()

1)

(<)

Q5. (a) What is web mining? What are the three main categorics of web mining? Provid

e a brel

)
\\" s e and “\ \\M'« AT a:.:, ’\\ At ary H\. \‘HL ot '\]“'li‘( A ity |||| 4‘ lun”:lu
Dhecuss any one alponthm form the assocation mile algorithims Also, write down the
sy antage and disadvantage of oas algonithm
' i f e &
Suppose there me two ttems, §A R where | H hacsupport of F5% and a confidence 60

Becanse these values are hagh, o typre Voo ation rule alponiho "'“."'M/ wvimhd dedipe
" P
thit 10 be a vatuable ke ”'\\H,\”"||\\‘.'\“\h‘lq|||\ ol |n|ul|f|.. wern o 0% 6, then w

that the probabiliy of pirchasmg B has gone down, presumahily becanae 4w v parchiased

Fand B0, ohisqguare, all contidence, max confidence, Kale rynaddo, comane, correlation

imbalance ratio Comment on vour result

A database has five transacthions. b et minmmum support, s = 60%, and mmm confidens
= ::(‘II.‘.

l 1o | items bought “

[ T100 t MO, N, KLY \

12000 | {D. O, N, K, E, Y}

T300 | (M AK. TI}

T400 | {M.U,C,K, Y} ,

TS0 [cokne

Find all frequent itemsets using Apriori.

explanation of each category.

(b) Apply k#nodes .clustering algorithm to divide the items into k-
items (ID-2), (ID-4), and (ID-6) for the initial clusters.

ID 1 2 3 4 . 6

Gender M M F F M F
Product

category

i

Electronic Clothing Clothing Electronic Clothing Clothing FElecironic

(¢) Briefly explain the text Mining, Spatial Data Mining, and Temporal Data Mining

—B clusters. You should use tne






