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Department of Statistics snd Data Science
Part IV B.Sc. (Honors) Examination — 2024
Course No.: Siat — 401
Course Name: Statistical Inference I
15t Tutorial -10.08.2025

Time: 60 minutes Marks: 10

N.B. Answer all the following questions.

1. Why do you need to apply to resampling?TEXplain it.
2. Consider the following set of observations {4, 5, 6, 7, 8}. Calculate the Jackknife mean.
Also show that Jackknife mean is an unbiased estimate of the Population mean,

A7 Define the Cramer-Rao Inequality.

_A47 How czn you find the Cramer-Rao Inequality from Bhattacharyya lower bound?

Good Luck!
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Answer one {rom question § ansd 2
study: Monitoring safcty of o thrombolytic dmug adminisiered

e ———
E -onsider the example of Strale
G99 1 DSMB is asked to exatpine the interim

for ischemic stroke. Suppose now that the ECA

refsults ot rt-PA treated stroke patients with an emph

of the ECASS 2 study. For ease of expmsition, we assume that in the ECASS 2 study 100 patients
STCH. Assume also that at the first interim

is on SICH and in the light of the results

abls

were treated with it-PA and 8 puticnissut{ered from SIC
analysis of the ECASS 3 study, 50 patients were treated with 11-PA and that SICH oceuried in
10 paiients. The DSMI2 wishes to oliain an accurate picture of the risk for SICH.

a) Find the posterior distribution of & (probability of suffering from symptomatic intercerebral
hemorrhage (SICH)) after observing the data from the first ECASS 3 interim analysis.

b} [f the posterior distribuiion of ¢ is a Beta(12, 133)-distribution, calculaie the posterior

-

Mean, mode, and.variaiice.

N Lir
2. &) Derive posterior distribution when sample data comes from binomial distribution. 343
) Alsc find the expression for rmean, mode, variance from posterior distribution.
Auswer any one from question 3 and 4. :
PR 3 S w . T Ay g i . _‘”' : . T TN ) 3
3 Define two types of credibie interval. Compare and intarpret confidence interval and credibie  2+2
interva! with 2 hypothetical example. s
Orx
242

Describe the use of credible interval and contour probability in Bayesian hypothesis testing.
. Compare Bayesian hypothesis testing with frequentist approach with example. 5

EC #88- European Cooperative Acute Stroke Study, DSMR - Data and Safety Monitoring Board (DSME)
- Sept 02, 202

%
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Bayesian Infereice (40 Minutes

1. | () Derive the joint posterior of the normal 1iK€lihood with both the mean and variance parameters
unknf)wn. (11) .Also obtain the conditional o< t§ri01~ for the mean and variance. (iii) obtain the
marglnal' distribution for the parametets- (iv) Find the the posterior predictive distribution of a new
obsex.'\{atxon. (v)show that Joint posterior cal be written ag multiplication of marginal with
conditional posterior. Make necessary assumptions and choose suitable prior for the parameters.

Hintz:y = {y1, V2, ... , ¥ } ~ i.1.d. from N, ).
Pk | y)is N, a/n),
p|y)isat,(, s/n)

pe? |y isa Inv-y2n-15)

(% | ) =p(ulc® y) x p(@* 1 1) =NG,0%n) x Inv-x*(n-1, 5?)

Consider that you are given a coin, ‘which is either fair or loaded (come up heads 70% of the time).
Suppose you have a prior idea that 1t has a 60% probability that the coin is loaded. You flip it five
times, get two heads and three tails and now figure out what's your posterior probability that this is

the loaded coin.
(i)Show the steps of Metropolis-Hastings algorithm to estimate posterior probabilities.
hain with two states and show that this method gives us the

(ii)Draw the diagram for this Markov ¢
P = ;, where, P is the transition probability of the Markov chain

theoretical right answer , 1.€.,7;

with stationary distribution 7;.

[3. / short notes, draw diagram if applicable: : : 24
(i) Conditional conjugate prior (ii) Jeffry’s prior il Traceplot (iv) Burn in period.
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3. Given i
“ : fhe 1'and0n X - =l — and
Nl Vv ~ > |01 \ . 7 : ctor 1=
ector X= be distributed ag Np(,,;,z)wnh mean VEC ! "

2

covariance wow| T & s Sy r ‘hat
€ matrix T —{ ! Z.n ,and |X,,]> 0. Then find the conditional distribution X gIVeR tha
Xl - x2 . L2 22
| f1 =21
4. let X be N3(u,2) with p =[3 1 4] and Y =1-2 5 31|
1 3582
= If modulus(Last_two_digits of your Class Roll No, 3) = 0:
X, y
i o x® .
Partition Xas X=| X, :\iXm} Find the distribution of X% given X® .
X3

I modulus(Last_two_digits of your Ciass Roll No, 3) = 1:

T L 3K
Find the conditional distribution of ,_1,5__; given X, .

= 1f modulus(Last_two_digits of your Class Reli Mo, H=12:

Find the conditional distribution of X, given X 2%, +X,;.




Department of Statistics and Data Science, Jahangirnagar University
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w

I. Lei X .., X, be a random sample from a N (}\,_,)
fﬂﬁbt'%vﬂA%lk—S—I:aﬁ&da Also, express the sampling: fhstubntxon of T2

2. Provide an example of how to conduct a profile analysz§ to determine whether the profiles are
level (students with odd Class Roll numbers). =\
Or, Provide an example of how to conduct a profile analyxis to determine whether the profiles -
are coincident (students with even Class Roll numbers).
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1. The mtcars g

| . i i as
ataset ip R, whicly contajj and 11 variables such

mpg Miles/ 'S data o 32 car models

eyl N 1 ei (US) gallon (Tuel Consumpgi-.

e me oer of eylinders Pﬂon)

bt isplacement (cubic inches) g

i Gross horsepower =

< Rcay axle ratio

qits chgl.n (1000 Ibs) =l

. Il:ﬁ t.mlc ltlime (seconds) :
“N8Ine shape (0 = v.ghy d, | = gfrai

am i hie "

28 ;I‘]‘ran;mlssion (0 = automatic, 1 -?;r:':%u’fﬂ;

5 umber of forwarq gears

Number of carburetors

The following are the results of Principal Component Analysis (PCA) inR

Importance of components:

iati 52 7 pc8 PC9 PClO PCll

Standard deviation 2.378 ;%70 8‘394 0 835 HC2 5C€97 65611 0.442 0.373 0.287 0.215
roportion of variance 0. -170 0.089 0’ oo 9:891 0-23% 0.023 0.017 0.012 0.007 0.004

Cumulative Proportion 0.514 0.684 0.774 0 833 9:943 0974 0.938 0.955 0.968 0.976 1.00

0.881 0.
Loadings (first 7 components) :

PC1l PC2 PC3 PC4 PC5 PC7

mp -0.3625 0.0161 -0.2257 -0.0225 -0.1028 -(F;Ctl_,087 .0.3677
cy 0.3739 0.0437 -0.1753 -0.0025 -0.0584 0.1685 0.0572
disp 0.3681 -0.0493 -0.0614 0.2565 -0.3939 -0.3361 0.2143
hp 0.3300 0.2487 0.1400 -0.0676 -0.5400 0.0714 -0.0014
drat  -0.2941 0.2746 0.1611 0.8548 -0.0773- 0.2444 0.0211
wt 0.3461 -0.1430 0.3418 0.2458 0.0750 -0.4649 -0.0206
asec  -0.2004 -0.4633 0.4031 0.0680 0.1646 -0.3304 0.0500
vs -0.3065 -0.2316 0.4288 -0.2148 -0.5995 . 0 1940 -0.2657
am . .-0.2349 0.4294 -0.2057 -0.0304 -0.0897 -0,5708 -0.5873
gear: --0.2069 0.4623 0.28275-0:2646 -070483' 03435 ™ 0. 8050
carb 0.2140 0.4135 0

-5285 <0.1267 03613 -0:1835 -0:1746

(a) Draw the scree plot and decide how ’inan;z :p'r__i@;g:igz;l’fcdmponents to retain in this study?
(b) List all the adequate principal componenis fOI"IhlS ;,tudy. ;

(c) If the variances of the original variables'are: iy

mpg | cyl disp hp drat wt.  gsec vs am gear carb
0.3632 3.1895 15360.799 4700.866 0.2858  0.9573 3.1931 0.2540 0.2489 0.5443 2.6088

Find and interpret the maximum correlation between the 1* Pﬂpcipal components and the original variable.

2. Use the Bartlett test to find the number of significant ﬁcbnical correlatic:r}s for the following studies
(z;) with n=456, p=4,q=>5 ,5,‘ =0.67, p, = 0.23:%:. 0.07, and pj' =0.03.
(b)with n=744, p=6,g=4 p =046, p, =038 )= 0.12, and 5 =0.04.

3. (a) Define an orthogonal factor model, deta‘iling its ¢

(b) Table 1 gives the data on five different kinds (
police department. Each observation represents a totali

;(ertime hours for the Madison-Wisconsin
o 12 pdy periods, or about half a year.

" Compensatory overtime Meeting Hours
L allowed (Xxy) (X5)
14861 236

Legal Appearances Extraordinary Event - Holdover |18
Hours (X ) Hours (X;) (Xy)
3387 2200 1181

es not follow multivariate normality,
¢ this study? Why?

¥

If the Madison-Wisconsin police department’s ovey; i éta (}O
then which method we can use to estimate the facto, i3 ngs 10
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) Explain Yates algorithm to caiculate different sum sguares of components in a ¢
23 factorial experiment on 6 graphs of each treatment combination, the graphs
of which are internally homogeneous and externally heterogeneous. In addition,
present the ANOVA table and test whether the treatment combinations are sta-
tistically similar to each other. :
(b) Construct the Yates table to calculate different s squares of components in a 6
 factorial experiment 3%-with 4 replications of each treatment. Also, present the
ANOVA table. e 1 T N
(b) An experiment was conducted to evaluate t.he effe_ct OF zinc \ZL and pgt;ssmpfx
(K) fertilizers on the yield of a certain variety of maize. Both Z an were
applied at 2 levels (0 and 1).

IS

0 for low level 0 for low level
N =< 1 for High level Z =< 1 for High level

Possible treatment combinations and respective yields are given in the next

fﬁ Replications ! ,'
I 11 \
| ’ =
|
|

00 |10 |10 00
24 |32 |28 |24
01 11 101

46 (30 |36 136

i. Write the mathematical mo-lei for this data. Justify your answer.

ii. Hstimate the components of she ANCYA table. Construct the AMNOVA
table.

—
—

L A rlhat s ! o b s . .
Test whether the treatment combinations ave dimnilar
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Define asﬁl’:‘mem‘fal factorial design. Estimate the yield as well as the effect for
2 x 3 factorial design.
(b) Obtain sum squares of different factors of 2 x 3 £ i j
. 3 fact .
ANGVA table. actorial design. Construct the
Q2. (a)) DeﬁﬂebSPdﬁ;PIOt design. Discuss how does it differ from confcunded design 5
(b) Describe diiferent steps of analyzing thé»d‘ i i St e :
( > data of a split pl
ATV table. yEIIE a split plot design. Estimate the 5
Q3.(a) What is confounding and what is its necessi i i
)3, ( . : 1 cecsity? Disc differ ’ -
founding with examples. 3 iscuss different types of con- 5
(b) Discuss the block consisting of 2%-factorisl experiment if ABCD and AD in- 5
teractions are simultaneously confounded in the same replication. Discuss the
procedure of analysis of data to construct ANOVA table.

Qi.(a) 5

v 7Y

5
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Ql.(a) At ahorticultural Yesearel, center an
ductivity of tWo Vvariet; es of (.’ i’*el’ an experiment is conducted to study the pro-
plots for cultivation are P d"?ﬁ”(’lto 'using phosphate fertilizer. The agricultural
tomato varieties are randon 11 .“O be homogencous concerning soil moisture. The
of fertilizer applied = ke All v (l,llo%‘n(,cd to different plots. However,.the amount
s (y n /oot ‘ \g/}) ot) varies across the plots, The production of toma-
g/plot) of different plots, along with the amount of fertilizer used, is

given below:

Plots Tomato 1 Tomato 2

Yy z Y z

1 62 3 70 5

2 65 5 72 4
3 60 4 68 6

i. Write down the appropriate model for this data. Justify the reascn of your

choice.
ii. Complete the ANCOVA table.
7 Test whether the impact of the concomitant variable is homogeneous or

not for all varieties of potato.
(BIBD) obtained? For a BIBD with 6

(b) When balanced incomplete block design
usual parameters, show that:

i. bic = vr

i b>2v-t+r—=~%k
6

3 18 L . Q — h = ri— ]" =
() Construct a lavout plan for a BIB design having parameters v =0 12,r=£%



Sty
R

., Science
Department of StatisticS and Daid S
Jahangirnag#¥ University - ation = 2024
Part IV B. Sc (Honors) First ‘Cutorial Exam
Course Code: Stat- 405
Title: Data Mining

Course

Marks: 20

Time: 01 Hour . ' : ‘
Ay K . e l(ll ”]([I‘kﬁo
) Answer the following questions. Each question C(II‘I(G.S eqt ot 5]
] : » ;
Q1.: TFind the mean, u, lm the data that follows the normal distribution wh

g items. Here = 7 and k = 3. Suppos

0 decnma] places for

R e the initlal
& are {1.5, 2, 8, 10, 9} with two missin

guess value p, = [X mod 3] where X -’}’OUI class roll ConSlder tw

detailed calculation. | ' | : de 3 [5]
Q2. The inputs of ANN be x =0.5, x, =09, x;=0.3 at node. 1, node 2, -and node

den
respectively; the weights between input nodcs to two nodes (nodc 4 and node 5) of the hid

) th) (n — " = and the wei hts
layer are w® = 0.3,w® =0.2, wil’ =0.5, whs’ =0.5,wy) =0.7, w35’ = 0.4 g

between nodes of the hidden layer to ithe node (node 6) of the output layer .are

wie =0.3,w =0.5. Also, the biases are w® =0.3,w? =02 at hjdden layer; and

wse' = 0.4 at output layer. The learning rate _anci target are 0.9-and 1.0 respectively. Find the

updated weights after the first iteration.; Consider threé ‘decimal places for detailed
1 _ g I -
calculation. : { @’
f o =
Q3. Apply Self-Organizing Map (SOM) to cluster the-A, B, C, aggd D data points for an iteration. [5]

&
—__ Assume that the initial learning rate is 0.8 a‘xa the number lusters to be formed is 2. Also,

I
. obtain the learmng rate afied tie firse “mtibﬁ-cun e t‘mee decimal-places for derailed

calculation.
Table 1: Data Point for SOM Consider the initial weight matrix
i A B C D To2 07
1 0 0 0
i 5 1 — |03 06
3 1 1 0 1 0.4 0.4
4 I 1 1 0 0.5 09
Q4. Consider the distance matrix from a data set 4B C D E 51
and the cluster solution. Compute the Dunn . ‘ Al 0 _1
index forf k=2 and =3 ]to find the optimal Bl 60 0
C|l69 34 0
number of clusters. Comment on your ~
l . D|194 - 153. 144 O
ts. :
results EL24 56 64 188 0]
k=3 . k=4
Cluster No of Items Items Cluster No of Items Items } i
Cluster 1 2 {A, E} Cluster 1 2 {A,E} J
Cluster 2 2 {B, C} Cluster2 | | s {B}
Cluster 3 1 {D} Cluster 3 1 2 1C)
Cluster 3 1 {D}
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[ y ari marks.
Answer the following questions. Each question carries equal

) [1.5x4=6]
QL. The decision tree mode] was Xi X2 X [‘“_X4 ! Y;]
. v G N I W _ M f L.
built using X, X, X3, and X, |l . W I /e
: G A = -
o predict the response of ¥, N | b M l M [ /s
The f‘ollmvmg table consisig _;Nﬁ—k:_' §‘— I[\A 1 ZJ;
4 !;' H 72 . ==
of training  data from aq —~2;* - hﬁD__W M ,r 7;
database. Let ¥ be the class | T \ H. } N~ ! !
v W& ———— v~
label  attribute.  Obtain the N D W H N
be ot . r M | oz |
Gain Ratjo for the attribute x, ’ T | 5 M | N~ | |
= the attribute selection S L. | Nfﬁjf !
measure in classification, M Lridl ey .
o | M H Z..
S M Z,

Q2. The predicted probability and the true labe] ’—Er};&iicted —True 7 [4+4=8]
are given in the following table. For each, ] Probability_ Label
thres.hold, ciassify any instance with a Li:::%ﬁ%g—?::m—é ]
predicted probability greater than or equal | 3 | 0.772 1
to the threshold ag positive (i), and those —?— e = 1
] 2 | 0.660 0
below the threshoid as  negative  (0). &6 0.546 BT
Construct the ROC curve and calculate the |7 \0\'412 L0 |
_ 8 | 0.360 0
Area Under the ROC Curve (AUQ). T e .

@3, The fina) partition matrix for different valuts of £ is obt

ained for the Fuzzy C-means [2x3+1=7)
dustermg Find the .optima] numbrr of

clustem t
and G. Comment on your results. X

them | k=2 . Itel;—_ L k=3 A\

[ A ] 0945 T 0.055 0.026 | 0.967 [ 0.007 |
] 0.938 ] 0.062 0.033 | 0.958 000
0.994 | 0.004

A
B
_ 1 0.191 | 0.809 &
[ D 0.963 | 0.021 0015
E
F

2 clusterthe items AB,CDE, T,

0.597 | 0.403 |

_F_ 10648 [ 0352 | . 0.333 | 0.504 | 01627 a\
G [ 0214 | 0.786 G_ | 0004 | 0.002 | 5995 |

l
B l
c 1
D 0.163 | 0.837 |
E ( 0.340 | 0.464 | 0.196
F |

=4
0 [ 1.000 0.000 0.000 )
1,000 0.000 0.000
Y | 0003 | 0002 | 6.005
0.003 0.002 | 0.004

cnaiill ) : 0002 | 0.001 0.996
/\' _0.002 / 0.0 0995
, ; 0. 000 g | o 000 1.000 0.000 |

Cood Luck
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Answer the following questions. Eaclt question carries equal marks.
t transaction data, where A [5]

(able summarizes supermarke
o not contain

/QT. The following contingency
refers to the transactions containing A, A refers to the transactions that d
and B refers to the transactions that do

|
A . B refers to the transactions containing B,

not contain B.
Table 1: A 2x2 contingency table for items A and B

Item B B
A 4000 } 2000 6000
A 1000 ( 3000 4000
Total 5000 ’ 5000 } 10000 J
ctor, Collective

Find Yule’s Q, J-Measures, Laplace, Interest, Conviction, Certainty Fa

Strength, Klosgen, Kulc, and Imbalance Ratio.
/QZ./ Consider a grayscale image and a convolutional filter ¢PT esented as follows: 151
51 9 21 8
7 1
HEEREF o
Image = ~reri=| 080 0
327376andfllter12\1
2 3 8 5 2 5
7 4
4 4 5 5 ~

Find Max Pooling and Average Pooling Feature Map using a 2x2 window with stride

of 2 after convolution with stride of 1 and ReLLU
3. Whati i
Q at is meant by Support Vector Machine? What are the different types of kernels used in [S)

support vector machine (SVM)?
'(\Y‘j‘\éo{-

ﬁ el : i (-2 i
ine the following Clustering validity indices: (i) CH index, (ii) CHARdex, (iii) C-Index

(iv) Hartigan index, and (v) Gap index

(Sl

Good Luck
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‘o . :

an n-year endowm

Q1.[7+3] a) A life insurance company issues

life aged x with:
. Sum assured (face value): 1 (payable at the end of the year of death or at maturity
if the insured survives 1 ears
S ning of each year for at most 77

Level annual premium: P Payable at the begin

years, as long as the insured is alive
« Interest rate: i per annum '
Mortality basis: Select life table
« Expenses:

o Per policy issue expense: € (incurred at the start of the policy)

o Per premium collection expense: ey (incurred at the beginning of each year

I, is given

when premium is paid)
Per death claim expens
Per maturity claim expense: &y,

d of year of death)

H eﬂ/’ﬁhcufred at the en
o g:incurred at the end of year n, if the insured

1

survives)

he expression to calculate the annual gross

Using the principle of equivalence, derive t

premium per nolicy for this insurance.

b) Calculate the level premium P of a 3-year term insurance on (55) of 1000. Given that

o Mortality: Illustrative life table

. Ly d;
55 8,640,861 77,426
56 8,563,435 83,527
57 8,479,908 90,082
58 8,389,826

P is paid at the at the beginning of each year for 3 years as long as the insured s

alive

o 1=0.05
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S =y

Total :uark;ﬁ) o
\ Y 011mvmg quesfwm
N s

A\

1o aunumes'7 \ \

a) Give some %dmk;ies of li :
annuaU y beginning af age {x

\/ ) An annuity on ‘x) pmyzdes k
;ual premiums,are payable for m. (< n) years.be ginrng -

_\; M\ ™ot nilg i

paid beforen. years. Aﬂﬂ

pow diagram and obtam Th€ explessmn for annual pre“mum,

- ai x. Draw a cash

assuming limitins33¢ @ § “
\c) A 60-year-nd couple purchases a Jomt Jife annuity that pays $20,000 anmoally

the second death.

o

ot the end of sach year, ceasing at

rvival probabilities
Ql‘(

Weits the EPVY i terms of jot it SU

»\ | y ‘OI‘DG’U/;
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1. DiSCUS 3
S the Proximate determinants of fertility as pro

ces following Bongaarts.
al fecundi

fEftlllty indi
& Sppose tot

contraceptivea prevale

) estimate the Tot
L\ 37 Write dow

detail,

% efine the concept of ferti

respon

posed by Bongaarts. Describe the procedure of estimating

ty = 15, percent married = 60, average durztion of postpartum infecun

dability = 5 months,
fice "= 65%, and average contraceptive effectiveness = 959, Using Bongaarts model,
al Fertility Rate (TFR) :

7 the different techniques used for estimating child m.ortality. Describe any one of these methods in

lity differ

entials. Discuss the major socioeconomic and demographic factors
sible forfertiﬁty differentials

in populations along with its framework

UiIN,

\\V ~
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tive. A totg) N

uring s peg,

accidental pregnancies Were reporpeg
1. Com ed.
2 Suppzieathe :earl Index. Interpret your result.
hich r'lot €r method resulted in a Pearl Index of 1.2. Compare t
which one is more effective and why,

Q2. The following table presents data on:
/ Age of Mother (years) | 15-19 [ 20-24 | 25-29 | 30-34 | 35-39 40-44 | 45—49
| Annual Births of Daughters | 0.014 | 0.050 | 0.069 | 0.058 | 0.028 | 0.007 | 0.001
4.903 | 4.875 | 4.842 | 4.800

} 4.955 ] 4.941 | 4.926

/ Survival Rate
Fach age group represents a 5-year interval within the reproductive span

1. Estimate the average number of daughters a woman is expected to bear during her lifetime, both

ignoring and considering female mortality.
2. Determine whether this population is replacing itself, growing, or declining.

3 Estimate the average age of mothers at childbearing.
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P 1ant
The states Tepresent whether g hypothetical stock market is exhibiting a bull market, bear 1]1a11<et;lor Sté‘ing\ :\0/
I a = R 5 ather bull week
market trend during a given week. According to the figure, a bull week is followed by another buil weex ’;’ t"
- . i . it :
of the time, a bear week 7.5% of the time, and a stagnant week the other 2.5% of the time. Labeling the sta

= - : ' i trix
Space {1 = bull, 2 = bear, 3 = stagnant} construct the transition matrix for this example and using this ma

(L0O75 =

/‘/" \\\ /"*‘\\;ﬁ\/l T \\\
0.0 i Bull i { Bewr Yy

A il L
— market ) A market e

-

o .,

i
{ Stagnanty |
L market } {
AN

T

1 .
: ain determine Whether they are transient or recurrent.
i ' ses of the Markov chain and
i. Specify the classes o

in i i >riodic?
i ; C rreducible and aperio | . |
i eltlen Markm; Jlal? 1“n fraction of weeks during which the market is stagnant, bull market, or bear market.
iii. Calculate the long-ter: c

ﬂl. CU o T . . "'r/\'r-/log
Marks: 10 urse Tifle: Stochastie Brocess, Course Code: S .
. RS - Erocess: Time: 60 Minutes
Explain the om———— PR s
C plain the S[aUQnCl'\’ Process and ﬂ\id\“\ — ki
onsider i . o 1¢ indepe ity 8 ic process. Y =
2 ?del the Process x (t) = Ay + Ast whll« lkient eremen ofa stochastic per variables with L(A) = a, V(A (.
O ;i = 1,2. Test the S\tationari{y e Ay and Ay are independent random .
Define Mark ) 1 e ate 7
OV proces : . ) (- and if state j
p S and classification of Markov Chain, ghow that, for any state j, r=0 Pl'l 1=Fjj 3
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.Mhangirmlgar University

7 ycience
ond 7y Department of Statistics and I)aéc:l S;I«il(jode: ST/\T-408(0 .
utorial, Course Title: Stochastic Process. COUrse ime: 60 Minutes
) i ) o < Ic I'ro “Time: 60 M)
Meckede,  Corse G0 2
. . and
' - > i« Poisson process
QL. Write down the propertics of Poisson Process. 11 (R & = 0} is Poi

S < t then show that

Pr{N(s) = klN(.t_) =n) = Gj) (f)k (1 B f)nelc.

t

. > st 3
Q2. Suppose the Interarrival time X, have gamma distribution with densn? f(ﬁgn
- . . Sh “function.
Ae™M; x>, Find the distribution of Renewal process along with its mean fun

Q3. Define a Linear Growth Model with Immigration. Suppose {X(t); £>0} be a birth and 3
death process with
h=nl+6 ; n=0
and pt, = ny pon=zl

Show that M(t} = Zf_u[e(bu)t _ 1] + ne@G-mt

Q4. Suppose that customers arrive in accordance:with-a Poisson process with mean rate of 2 2
per minute A = 2/minute). Then-the interval between any two successive arrival’s

508 e vy i ; 1 _ T
follows exponential distribution: with mean 7 = ;minute. Wh

> at is the probability that

»

the interval between two successive arrival is
a) More than | minute )
b) 4 minute or less
¢) Between 1 and 2 minutes
d) Find the expected time until the 9™ customer,
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Time: 1 Hour

i Jahangirnagar University
| Tutorjal 1 Savar, Dhaka-1342
| Date: 30.06.2025

i ience .
Department of Statistics and Data Scien

Full marks: 20

: . ics
Subject: Statistical genetics and Bioinformati

Course code: STAT-409

n the right-
Answel the following questions. The mark and its breakdown are given 0 2
rand SIEC OF 2ach guesiion.

/Q 1. Make a comparison among (i) DNA, (i) Gene, and (iii) Chromosome.

4.5
| -
Q2. Make a comparative study between the following two ancestry patterns 4.5
! l
__33® |
e oe |
‘ O |
T |
Q3.  What is the relation between a person’s genotype and a phenotype that 03
‘he/she has? Explain with a suitable example.
Q4.  Suppose, a SNP is diallelic (“A” and “T). 03
(1) What would be the possible genotype combinations?
(i)  If this SNP is in HWE law, compute the genotype frequencies if
\ the major allele frequency is 0.75?
Q3.\ Define the general form of a penetrance function, and, hence modlf it for 05
\all inheritance pattern

\ s? Apply these penetrance functions along with the
concept of CRR for pos 1ble genehc modeimg

.> Good Luckl

Neoieae A .
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| sater 04.08.2025
artment of Statisticg | ) )
Department of S Cs ang Dagg gcience
ject: isti et ’ atics
Subject: Statistical gen 'lcS and Bjgjp, formatic
Course code]
Course code_STAT. 4y
. . | the right-
Answer the following questions. The mark ang its hreakdown are given on
. . v
hand side of each question.
—_— s - & g
Ql. What is the purpose of quality controf (QC) for SNPs in genetic analysis? 04
Give an axolananon of its various stages|
J
@2 Explain the concept of Hardy-Weigpharg equilibrium (HWE) in the context 04
of a diailelic (“A” and “T”) SNP. If both the parents are heterozygous, how
would you calculate the 'prbbéibiiity that _their offspring would be (i)
homozygous, (ii) heterozygous, (iii) oppﬁosite homozygous?
3. Suppese, there are two diallelic (“A” a'ld “T”) SNPs that follow HWE rule. 04
How would you calculate the strength cf LD for this pair of SNPs? Explain in
detail.
Q4. (i) If an allele is observed to be associated with a disease, how can it be 4.5
interpreted?
(ii) List the different sequeuncing platforms used by Illumina
Biotechnological Company.
4Ty Provids a list of mandsa itory d"“ types based on NARURE's data
repository suidance,
J/ Wharly the GenBank? Mention its i:‘zifi:omznt feaiurag 3

(@7]



Answer the following questions. The mark and 822~

Jahangirnagar Univeygjty
Savar, Dhaka-134

24
Department of Statistics apg pat® Seienc® finut
Subject: Statistical Genetics and Bioi—nfg’r‘mgﬁgg
Course code; STATA |
preghkdown e given on the right ]

hand side of each question. el
- e —
‘ ' : o (NG in the specific 04
Q1. What is the Next Generation Sequencing (NGS)? Explamn the sp ‘
applications of NGS in (i) Cancer research; (ii)Microbiology and infectious
diseases.
Q2. Define the concept of Short Tandem Repeat (STR). Explain its applications 04
in genomié?ta‘ciies. e VR i
Q3. List the approaches used in NGS for analyzing the DNA sequences in 04
genomic studies. Also, state the different steps of a NGS workflow. Write
down the differences between NGS and Sanger sequencing.
Q4. Suppose, there are two diallelic (“A” and “T”) SNPs that follow HWE rale. 04
Explain the detail steps for testing association in GWAS.
Q5. List the different scope of machine learning methods in bioinformatics. How 04

_ a machine learning finds its application to predict the cardiovascular

disease? Explain.

Good Luék!
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Department of Siatistics and Data Science
Jahangiraagar University
Tutorial Examination — 2024
¢4rse Name: Categorical Data Analysis Course Code: STAT-410
fotal marks: 19 Time: 40 Minutes.

j, Lagrange Multiplier (LM) test, and
it of hypothesis testing in regression.
W it is interpreted in the context of a binary

Explain the intuition behind the Wald test
Likelihood Ratio Test (LRT} in the conte:
Define the odds ratic (OR) and explain he
logistic regression model.
A researcher is studying choice of transpo;
income. Formulate a multinomjal logistic ;

explain how the baseline category is chosen.
Discuss how the Negative Binomiz] regression addresses overdispersion. Illustrate with

an applied example. 4

t (Car, Bus, Bicycle) as a function of
egression model for this problem and
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Cour .
Course Name: Financia] Statisy; Marks: 10
S s¢ Code: STAT- 411 s Time: 60 minutes
econd Tutoria] Date: 10/12/2025
1. What is Opt; £4"0
4 odels do we us
canta p' on Pr 1cing? Explain cal] optio , option- What are the m
pture option pricing? Wy; Jon and pu ;on price ots (A
for two ass

and B) across three obsery

ations, as shown b‘elon
Observation Asset A return Asset B return
0.04

1 0.03
) 20,02 0.01
3 0.06 -0.01

Using this dataset, complete the following tasks:
i) Compute the marginal probabilities for each asset using the empirical distribution.
ii) Apply the Gaussian Copula transformation by mapping marginal probabilities to the

standard normal space.
iii) Calculate the Gaussian Copula density for Observation 1.
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\wm.lahnngirnaga,» Univer-’
CO[“.SQ \“‘ ;
Onpg, Mo, Fi 5’ Marks: 10
Fil‘st e Ode, S}lqjﬂ 2 Statistics Time: 60 minutes
Uloriy; 1 Date: 24/09/2025
Ly,
: ou ha\,n - .
° daily Tetumns for 5 stock for 10 trading 42 -
=0.01, 0.005]

—0.005, 0.015,
[0.01, 0,02, 0.015, 0,03, -0:01, 0-02,

Using , ) |
Ing a GARCH( L1) specification: 2 :
g =w+are + fhy .

Where,
* W=1x10-s,
° a=0.10,
e (=085
¢ 1 = daily return

o h; =sample variance of the |( returng

a) Compute the sample (daily) standarg deviatio,
b) Compute the forecasted daily variance o4 Volatility using recursive formula.

) Draw a line plot of volatility over the 1 days to visualize clustering.
c

he (b) and (c).
nterpret & 1 o
d)) ivhat dOeS 1t mean when we say VOIatlhty iS perSiStent”? Justlfy your result
0 i



Jahangirnagar University
Department of Statistics and Data Science
Part IV B.Sc. (Honors) Practical Examination — 2024
Course No.: Stat Lab-412 (Group-A)
Course Name: Statistical Data Analysis VIII (Based on Statistical Inference)
Practical Tutorial -09.12.2025

Time: 60 minutes

Marks: 07

Please use the “airquality” data by utilizing R software and answer the following questions
with comments also in each question.

1.
2.

Estimate the jackknife standard error of the mean Ozone level.

Plot the Jackknife estimate of the mean Ozone level with interpret also. Examine whether

any observation strongly influences the mean.

Generate 1000 bootstrap samples of the median Temperature.

. Estimate the bootstrap standard error of the median.

. Construct 95% confidence intervals using:

(i) ~  Percentile method

(i1) Basic bootstrap method

Visualize the bootstrap distribution using a histogram.

Good Luck!
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PRACTICAL Tutorial

Date: 27.1 1.2025

Department of Statistics a“ﬁ;dz‘l)ata Science

Related Subject: Statistical Genetics and BlOlnformatlcs (STAT-409)

h———

Time; 1 Hour

Full marks: 10

Answer the following Question.

—_—

Q1. Suppose, the gene ABL1 has 15 SNPs for 200 individuals in a case-control
setting.

(a)  Perform the quality control (QC) E:of 'SNPs using, (i) minor allele
frequency (MAF), (ii) P1C, (iii) paifwise LD measures (r2).

“(b) Show the following measures in a plo ( !) the MAF values, (ii) PIC

values, (iii) 72.

??’bsz:\-&

(c) After QC,"ho'w many markers aré to be used for further analysis?
. . Fé "‘\q‘;. . .
Justify about your scientific reduction of markers by interpretation

of each plot.

Good Luck!

T
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In agricultural research station an experiment{.‘z.COnducted to study the R"OdUC‘iVi‘Y _Of balsam
apples under nitrogen fertilizer. Four [evels 020 'l:rogcn' ‘}5 urca arc }lsed in the cxperlmcn’l. The
levels are 30 kg/ha, 60 kg/ha, 90 kg/ha and 12V Kg/ha. The production of balsam apples in a plot
of size 10' x 15' arc recorded along with the number of plants per plot. Production or balsam

apple (y;; kg) along with number of plants (X))

»
N,y N, : N3 N4

y X y X Y. X b X
50.5 42 55.0 52 523 45 60.0 50
48.0 50 602 55 514 48 61.0 48
40.5 46 40.5 48 35.0 40 65.0 52
520 48 50.0 51 48.0 46 35.0 35
500 45 56.0 48 55,0 49 38.0 40

i
ii.
iii.

Write down the appropriate model for this data. Justify your choice.
Complete the ANOVA/ANCOVA table.
Conduct a test procedure to check whether the four nitrogen levels work similarly or not

A pharmaceutical company produced 2 varieties of protein, and these were given to guinea pigs
of different ages, different body condition and in different regional temperature. The guinea pigs
were classified into 2 classes according to body condition and 2 classes according to age groups.
The body weight of each guinea pig was recorded after the applying treatment with 2 different

temperatures. The increased body weights of each guinea pig are shown below:

. PR B [ Protein level
s ature |- —
e e X © 7 |."Low dose High dose
Younger ¥ o | Not So Gc;od I%w 729 . 749
P OMBECE Good {Low 1075 1037
‘; 4 Younger . Not So'Good. . | ﬂrmf\} 1 642 669 \
Younger Good ;}J(.w 633 550 \
Elder Not So Good zjgow 433 868 LJ
Elder Good Low 1063 1052 7 X
Elder Not So Good 'Low 635 650 , \
Elder Good “Low 601 604 4 \
Younger Not So Good ‘High 729 749 \
Younger Good “High 1075 1037 \
Younger Not So Good High 642 669 \
Younger Good High 633 550 \
Elder Not So Good _ High 433 868 \
Elder Good .. High 1063 1052
Elder Not So Good High 635 650 "\
Elder Good High 601 604 ]

i. . Analyze the data when fourth order interaction as well as second order interaction of body

11,

LRd . (-—-——_'——'———’J
condition and protein level are confounded and test the varieties of Age Group

Analyze the data when the third order interaction of body condition temperature and

protein level is confounded and test the varieties'of Body condition.

Test the varicties of temperature is similar or not.
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Part IV B. Sc. (Hons.) Practical TV8Mal Examination 2024

Course Title: Statisticnl Daft f" ;ﬂ@sit IX (Group-A)
Course No. STAT-TAB.413
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- 3 apeoie

e o ~- "' Full Marks: 20
any of its activitics as ‘part
;1 on five different kinds
ds. ar about half a

T1 1 Hen : .
OifgnMadls.on. W 1s?nn:qm. police department rcgulaﬂy fonitors m
ongoing quaht)l mprovement program. Table 5.8 gives the dat

Of overtt - e 3 P v
o ;l;nn; !10}115. L‘ach obscrvation represents (a total forl2 pay perio
yuar. 1his data is available in the file multivarSth/rs-8.dat.s

Police department .

Table 1: Five v TN 3 s
- . ypes of overtime hours for the Madi Wisconsin 2
b s Madison, Wisconsiil, -
Legal Appearances Extraordinary Holdover  Compensatory overtime rvl;:s::;g
Hours Event Hours Hours allowed

X, Xy X5 Xy o o T

3387 2200 --__-Ti..gl-_...._-_\__....'...486 | 236

3109 875 3532 11367 310

3516 1223 1175 15078 161

1. Examine the multivariatc normality of the observations on five types of overtime
hours ior the Madisos:, Wisconsin, Police department. \ »

2. Evaluate 75 of the six  variables  {(x,x.....,x5)  for  testing

H,:p'=[3500 1400 2600 13500 800]. Hence, find ouat the sampling

distribution of 72.
3. Construct'the principal component analysis using the sample covariance matrix § for

the above data matrix.
(i). Determine the sample principal components and their variances for the

covariance matrix S .
(ii). Compute the proportion of total variance explained by the first two principal
components. Interpret your result.

4. Conduct the factor analysis with 5 variables (five types of overtime hours for the
Mad‘xson., Wisconsin, Police department) and m = 2.common factors.
(1).F1nfi the matrix of specific variances. Hence, define the most significant
variable which fit neatly into our factors.
(in). Find the estimated factor loadings and comm iti i
‘ unalities. Interpret the
factor loadings. & estimated
(iii). What proportion of the total population variance is explained by the first
_ common factors? And by the 2nd common factor.
(iv). Check whether the 2 factors are adequate for our model?

5. Calculate t P .
P Sei’e S?mp'lc conc}al:on matrix R for the above data matrix. Arrange the data

S ofvariables, ic., X = (X,, X,, X,} and X®= (X, X.)

s 43 s s

ample canonical variates U, and V.
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i Let Z¥ and Z? be 0 oqandardized variables ¢q ,
(i) . ‘ ¢ th@ﬁ:(s of st rresponding to X® 4nq
X, respectively. Wiyt
D

.(,por(i"” of the total sample variance of the firs set ZO

is explained by the °¥1h’6f ‘ al variate U,? What proportion of the total samp|
¢ mple

variance of the Z SCl‘liQ: lplaincd by the canonical variate 7o =
6. Calculate the Euclidean distanggg potween five different variables of overtime .
Cluster the five variables usi“ﬁf{{ﬁc single linage and complete linkage hicrarchig\
methods. Draw the dendrogramg g, 4 compate the results.
~ A public health researcher is degj,ning @ study to understand the factors influencing

adolescent health. They plan to cgjject data on several variables, including:

1
= Physical Activity (hours pgr week)
» Screen Time (hours per day)

» Socioeconomic Status !
» Body Mass Index (BMI)

=  Academic Stress Score

=  Blood Pressure

= Self-Esteem Score

The researcher is considering two different analysis plans: j
- E

Plan A: Use a single statistical model to understand how Physical Activity, Screen Time, and
Socioeconomic Status (as independent variables) are coliectively associated with the
combination of BMI, Blood Pressure, and Self-Esteem Score (as dependent variables). i

Plan B: Use a statistical model to understand how Physical Activity, Screen Time. and |
sindependihtsvariablas)sprediztily T SeI-Esieem Score (as the

_ Socipecopomic, Staiiss:(as
~dependent variabie).

(i) Which analysis plan (A or B) is an example of a multivariate analysis? Justify your answer 2 AL
ezplaining the defining characteristic of a multivariate analysis. ;

(i) Which analysis plan (A or B) is an ¢xample of a multivariab'e analysis? Justify your answer
by explaining the defining characteristic of a multivariable analysis.

(iii) Explain why a researcher might choose the multivariate approach (Plan A) over creating three
separate multivariable models for BMI, Blood Pressure, and Self-Esteem.

|}

- Good Luck -
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Subject: Statistical Genetics and Bioinformatics

Course code: STAT-409
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Answer the following questi

ons. The mark and its breakdown are given on the right-
hand side of each question.

— . .

List some important resources of a NGS lab. How would you proceed to select

the best sequencing (NGS) company for your research? Explain.

Ql. 05

Q27 List some applications of Short Tandem Repeat (STR). Distinguish between a

05
NGS and a qPCR methodology.

Q3. Whatisthe importance of multiple testing in a GWAS? How can you calculate

the error criteria in a GWAS multiple testing? State some methods to control
such errors

/

Q4. How is a machine learning method used in Single'-Cell Analysis and Precision 05
Medicine? Explain.

Good Luck!
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