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TRIBHUV AR UNIVERSITY
INSTITUTE OF SCIENCE ARD TECHROLOGY
Final Examination 2076
Subject; Data $tructure and Algorithm Full Marks: 45
Course No: MSCS 251 Pass Marks: 18
Level: B, Math, Sec, /1T Year 1V Semester Time: 2hrs

Candidutes are reguired to give their answer in their own words as far as praciicable.
Attempt ALL questions,

1
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3.

8.

o
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Group A |5 % 3=15|

Define Stack Data Structure, Write an algorithm for PUSH () and POP () opcration for it.

Write a simple program to find sum ol two numnber using recursions.

Design a binary tree from given traversal:

Pre-Order: DHIERFGCA

In-order :DBHEIATCG

What are the advantages of Binary Search? Search 729 using binary scarch:

75,151,203,275,524,591,647.729
Define Graph. In which case the graph is said to be strongly connected? Mention some major
applications of graph in the field of computer science.

 GroupB  |5%6=30]
How Circular Queuc overcemes the drawback of linear queue? Uxplain how we realize Circular
Queue using any high level programming language.
What are the basic operations we can perform on list? Explain the algarithm to delete start node
and an end nude [rom singly linked list.
OR

Write an algorithm 1o insert a node at the beginning and at any specifisd position in Doubly
1.inked List (DLL). Make assumption vou need,

Define an AVL tree. Construet an AVL trec {rom the following data:

64,70,90,1,89,91,79.45.21,16.54, 65

Dillerentiate bubble sort with selection sort. Sort the [ellowing list using Merge sort:

42,52, 6, 10, 47, 64, 69, 108,37, 7
What is the difference betwesn Kruskal's and Prim's Algurithm? Find the Shortest path [rom a to
z u&:i?g Dhjksira®s algorithmn.

OR

Write short note on:
a) ADT b} Double Iinded Queue {Deque)

¢} Big *0)7 Motation  d} Linked List Representation of Adjacency List
sk



TRIBHUVAN UNIVERSITY
INSTITUTE OF SCIENCE. #&ND TECHRNOLOGY
Final Examination 2076

Subject: Applicd Probability Models Full Marks: 45
Conrne Not MSST 251 Pass Morks: 18
Level: 3. Math, Se. /1L Year [TV Semester Time: 2hry

Candidares ave required to give thelr anvwer [n thelr own words ax far ay practicable.
Attempt ALL guestions.

1.

[

Group A  [5x3=15|
Define simple random sampling, Show that in casz of simple random sampling the sample
variance is an unbiased estimator of population variance.

Let p-bc the prebability of gelling head in a single toss of a coin, The coin is tossed 6 times and 1t
is desirad to test Hy: p=0.5 apainst L1;: p=0L67. The Hy is rejected if more than 3 heads are
obtained. I'ind the probabilities of type I and type IT errors, Also, find the power of the test

Ministry of Tourism and Civil Aviation has claimed that the average length of stay of tourist 1n
Nepal is 13 days, To test this claim a researcher asked 9 tourists about their length of stay in
Nepal and their length of stay in days were 10, 15, 11, 5, 7, 4, 8, 14 and 11. On the basis of this
sample result can we conclude that the average length of stay is 13 days?

In & survey of 763 women who had started their own businesses, 229 said that they launched their

husinesses for greater freedom. Only Y9 indicated that a desire to make more moncy drove them

i0 start their businesses,

a) Szt up 90% conlidence interval estimate of the population proportion of womean who starl
new businesses to gain freedom.

by Set up 99% confidence interval estimate of the papulation proportion of women whe slart
new businesses (o earn more money. '

For exponential distribution with prohability density function f(x, ) = p e x>0 and f =0 bascd
on the tandom sample of size n.
a) Find MLE of parameter .
b) Find Variance of MLE.
¢) Find the estimate of MLE and its variance il the sample observations are 0.8, 02, L9, 1.3,
2.8
Group B |5 x 6=230]

A company appointed four salesmen A, B, C and D and observed their sales in three seasons. The

figures are given helow.
W Salesmen |
AR S R IRt
Swmmer | 36 | 36, 21|35 |
Winter | 28 [29]31]32
Monsoon | 26 |28 [ 29 ] 29 |
Test whether there is wrmf‘ cant difference in aver age sales due to (1) diflcrent seasons (if)

dillerent  salesmen of the company.

A population consists of 6 units with values 1, 3, 8, 11, 7 and 4. In sampling withoul replacement
of samples of size 2, shaw that:F (Z) = p. E(s%) = §% and S.5(%) = 2.117.
' OR



1.

Define Chi square distribution. Obtain probability density function, mean and variance of chi
square distribution with n degree of freedom,

If X~ N (0, 1) and Y~N (0, 1) be independent variables then show that U = X/Y follows Cauchy
distribution.

I'he manager of newly opened KFC chain of fast food restaurant in Kathmandu derives (o tcst the
likeliness of the food with different age-group. Sample of 100 visitors in KI'C restaurant were
asked their opinion and lollowing is the result.
| | 20-30 [30-50 [>50 |
Liked | 40 20 10 |
Nothked |10 |10 [10 |
Test the hypothesis whether liking of KTC food is associated with age group.

1n a sample of 10 observations the sum of square deviation of item {rom the mean was 120.45. In
another sample of 12 chservations, the corresponding value was found to be 122.04. Test wh ether
the two samples have the same variance,

: OR
A coin is tossed 800 times and heads appear 430 times. Can you infer that the coin is unbiased at
1% level of significance? 'The monthly advertising cxpenditure of a company for two products A
and B are as follows:

Months | Expenditures in Rs,
Product A | Product
B
January 100 175
| Feb 120 200
March 125 230
_ April 145 225
May 150 200 |
T June 140 130
Jaly | 206 | 200

Is there sullicient evidence to conclude that the average cxpenditure on advertising on product B

is more than that of product AY

A professor 15 trying 1o show his students the importance of quizzes ¢ven though 90 percent of

the final grade is determined by exams. He believes that the hirher the quiz grade, the higher the

final grade, A random sample of § students in his class was sclected with the data given below:

(Quiz Average sa 92 72 90 95 R7 8% 97

Final Average 65 &4 77 80 77 &1 80 H3

a) Calculate the correlation cocfficient between the two variables and test ils significance at 3%
level ol sipnificance.

b) Caleulate the cocflicient of determination and explain how much variation in final average is
cxplained by the quiz average?

¢) Assuming the lincar relationship develops regression equation of final average with Quiz
AVLIHEE.

d) Estimate the final aversge of score of the student whose quiz average is 91

¢} Caleplate the standard crror of the estimate and interpret the resull.
Ed
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-.‘s'z.!fgfem: Mathematical Modeling Full Marks: 45
Cowrse No: MESMT 252 Pass Marky: 18
Level: B, Math. S¢, /11 Year [TV Scmester Time: Zhrs

Candidates are reguired to give their answer in their own words as far as practicable,
Attempt ALL questions,

Groop A |5 % 3 =15]

Define the {irst differences of 2 sequence of numbers. You currently have Rs.5000 in a savinps
account that pays 0.5% interest each month. You add another Rs.200 each monrth. Formulatc a
dynamical system model for this situation. Solve this medel by the method of conjecture,

What is 4 matheruatical model? Define robust, fragile and sensitivity of a model. Give the
geometric inferpretation of yef x. Also state any three famous relalions using proportionalilics,

Iit the model v — ca* tothe following data set using transformed least square method:

=11 2.8 )4

v 81 [221 601 165

1Uze Golden Seclion Search Method to maximize [[x) = -3x° + 21.6x + 1 in the interval 0 < x= 25
with a tolerance of t = 0.25. :

When o eritical point is said 1o be stable? Determine the nature of the critical point (0, 0) of the
aulonomous system & 2x— T %: = 3x — 8y and determine whether or not the poiat 13

dt =
stable.

¥

Group B [5 % 6= 30]

The following data weore abtained for the growth of a sheep population introduced into a new

environment on the island of Tesmania.
Year: 1814 1824 1834 1844 1854 1864
Population: 123 ] B30 1200 1750 1650

Plat the data, Is there a trend? Plot the change in population versus years elapsed after 2012,
Formulele a discrete dvnamicel system thal reascnably approximates the change you have
observed. Also fit your model Lo the otriginal data.

’ OR
A vcar rental compeny has disteibutorship in Orlando and Tampa. The company specializes in
catering 10 travel agents who want to wirangs tourist activities in both cities. Consequently, a
traveler will renl @ car in one ity and drop the car oflin the second city. Travelets may begin their
itinerary in either city, The historical records reveal that 40% of the cars rented in Orlando are
returned (o Orlacdo, whereas 60% end up in Tampas. Of the cars rented from the Tampa office,
30% are returned 1o Tampa, whereas 70% end up in Orlando. Write a dynamical sysiem model for
this problzm. Find the cquilibrivm value, 1s the model sensitive to initial valoes?

Construcl a matheratical medel for predicting the weight af the Terror Bird as a function of
the circumlerence of its femur where the assumptions are:

a) Terror birds are peometrically similar to other large birds

b} Constant average density.



10.

Femur circumference (cm) Body weight (kg)

(17943 00832
(.7079 00912
1.000 D413
b 220 0.1479
1.6%82 0.2455
2023 02818
19953 0.79413
22387 2.511%
2.5119 1.4125
2.3119 08913
3.1623 : 1.9953
35481 42658
4 466l 1, 3056
5.8884 11.2202
6. 7608 19.95
15.136 ' 141.25
1583 1284893
Usc Chebyshey criterion to fit the model y=ax to the data set given below:
% |2 13
Ly [2]5]8]

Definc a linear program. When an oplimization problem is said to be a goal program?
Maximize A=2x - v, subjectlox +v2 5, -x—v <1 Sx 4t dv =40, x 20, ¥ 20 by using Big M
Method:

Tmagine 2 small pond that is mature enough to support wildlife. We desire to stock the pond with
oame fish, say trout and bass. [.et x{t) denotes the population of the trout at any time t, and let w(t)
denoies the hass population. Is cocxisience of the two species in the pond passible? [T so, how
sensitive is the final solution of population levels to the initial stockage levels und external
perturbations? Assume that, initially, the environment can support an unlimited number of trout
and there is 2 comperition of trout with bass population for living space and a commaon food
supply. The effeet of the bass papulation is to docrease the growth rale of the trout population and
this decrease is approximately proportional 1o the number of possible interactions between the
two species. The situation for bass population is same as trout.
OR
Construct a predator-prey model for baleen whales and Antaretic keill . The whales eat krill, and
krill Live on the plankten in the sea, I the whales cat so many krill that the krill cease 1o be
abundant, the feod supply of the whales is greatly reduced. Then the whales will stavve or leave
tha ares in scarch ot a new swaply of krill. As the population of baleen whales dwindles, the krill
papulation makes 2 comeback because not so many of them are heing ealen. As the krill
population increases, the food supply for the whales grows and, consequently, so does the baleen
whale population. Also, more baleen whales arc eating increasingly more krill again. In the
pristine environment, does this cycle continue indelinitely or docs une of the species eventually
diz out? Assume that ocean can support an vnlimited number of krill and the growth rate of the
krill 15 diminished 1n a way that is proportional to the number of interactions between them and the

haleen whalcs, Analyze the model graphically.
# k4
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TRIBHIVAN URIVERSITY
INSTITUTE OF SCIERCE AND TECHNQLOGY
Final Examination 2076 (Partial)

Subject: Mathematical Statistics Full Marks: 45
Course Ne: MSST 152 : Puss Marks: 18
Level: B, Math. Sec. /LI Year /TV Semester Tire: 2hrs

Candidates are required (v give their answer in their own words as far as practicable.
Attempt ALL questions.

1.

Lh

Group A [5x3=15]

For cach of the [ollowing process
a) General Random Walk 1) Markov Chain  ¢) Markov Jump Frocess
State whether the state space and time set is disercte or continuous or either.

Dline how the following forms of censoring arise in a survival investigation:

a} Right Censoring by  Typel Censoring ¢) Random Censoring
Explain which type of the censoring (Right censoring, Type 1, Random] is present in the
[allowing situations:  #) For the members who change employment ) For the members who
retired ¢} The policy is not renewed.
Derive from first principles the forward version of the Kolmogorov diffcrential equations:

i
L

P (s 1) = Pis ¢) Aft), where 4 is the matrix of transition rat2s.

-

)

Lixplain why the criteria of smoothness and adherence to data both need to be met when
performing a graduation of mortality data that will be uscd to set premium rates. And hence,
doscribe the smoothness test, stating any relevani formulae.

A mortality investization was held between 1 January 2007 and 1 January 2009, The following
information was colleeted. The figures in the tahle below are the numbers of lives on each ¢ensus
daic with the specified age lzbelshat do you mean by principle of correspondence? List the
requirements for exact estimation of central exposed to risk with regard to mortality investipation.

Fkge. last birthday 1107 ] 1.1.08 1 1.1.09
43 3486 e T 3420 ~a
TR 3450 C 3507 1435 eliali
"SD + (3510 B 3540

During the investigation there were 42 deaths at ape 49 nearest birthday. Estimate pdd
stating any assumptions that you make,
Group B [5x=6=230]
An insurance company oparates a no claims discount sysiem with discount levels of 0%, 30%.,
40%, 50% and 60%. The rules arc as lollows:
At the end ol a claim free year, a policyholder moves up one level (or remains on the maximum
discount level).
At the end of & year in which exactly one claim was made, a policyholder drops back two levels
(or moves to zero discount).



At the end of a year in which more than one claim was made, a policyholder drops back to zero
discounts.

For a particular diiver in any year, the probability of a claim free year is 079, the
probability of exactly one claim is 0.2, and the prabability of more than one claim is 0.1.Wrile
down the transition matrix for this time-homopeneous Markov chain. If a large number of people
having the same claims distribution take out policies at the same time, calculate the proportion
vou would expzct to be in each discount eategory in the long run.

7. A pensiaon scheme only allows relirement al exact age 65, An investipation of the maortality of the
retived members of the scheme was carried out over the period 1 January 2001 to 31 December
2006.orLulity table has been estimated for the ages 4 to 100 inclusive. The rates have been
graduated fitling a mathematical formula to the crude estimates. The deviations ol the observed
number of deaths from the expected number of deaths al cach age using the graduated mortality
rates have been calculated. The results are following:

Member | Date of Retirem ont [Z_Ia;u: ol ]_]c.:ﬁrh (il oceurred during the investipation period)
i 1 April 1998 30 April 2005
E N August 2000
3 | 1 February 2001
4 1 June 2002 31 August 2004 |
5 I August 2002 31 December 2006 |
| 6 S Pl S 0N 35 1 e e Lk el o .
7 |1 May 2002 30 November 2006
T 4 1 January 2005 i
! | |

All manths should be assumcd 1o be of cqual length. Caleulate the Kaplan-Meier (product-limit)
estimate ol the survival function § 1 65) from these data, stating clearly any additional
assumptions that vou make.

) OR
Caleulate the Nelson —Aalen estimate of the Risk function F ¢ {65) tfrom these data, stating clearly
any additional assumptions that you make.

8 A study is undertaken by ratlway authoritics in respect of the new train engines that they arc
planning to buy. The train cngines being used in a country A are cbszrved for 2 month and details
pertaining to their operating hours, maintenance jobs, In-Yard hours (i.e. not on duty hours}etc
are being caplurcd. The authoritics have obscrved the following:

A parfeetly working Engine moves to & Yard after it has been in operation for & given time
interval.

An Enzine currently resting in a Yard is called upon for operation after specific time intervals.
If an Engine either curramtly in Opecration or put into Operation from Yard develops
any  fuull then 45 moved to &  maintenance  facility for  repaims.
Afier successlul repairs, the cngine moves to Yard before being pressed into Operation.

If the faull cannot be resolved the engines are retited from further service.



) Draw a diagram illustrating a multiple-state model which the investigators could use to
make their estimales, using the four states: “In-Yard”, “Operation”, “Maintenance™ and
“Retired”.

by Derive from first principles the Kolmogoroy differential equation for "Operation” state,

OR

¢)  Write down the likelihood of the data in terms of the waiting times in each state, the
muimbers of transitions of each type, and the transition intensities, assuming the
transition intensities are constant.

d)  Derive the maximum likelihood estimator of the rate "Operation” and “Maintenance™
state.

9. Cux propartional hazards medel was used 1o study the mortality cxperience amongst group of
lives classified according 1o smoker or non smoker and male or female. There are two -;:m-'ariﬁ[e-s;
7;=1 for smoker and z,=0 for non smaker and 7:=1 for male z=0 for {emale, The parameler
estimates arc B = 0,05 and [z = 0.15.

a) Clearly mention {or which the baseline hazard applies.
h) Determine the relative risk of a female non-smoker compared to male smaoker.

10. A lifc insurance company has graduated ils own mortality experience for term assurance business
overthe past 15 years against a standard table:

Age Group Exposed to Risk | Graduaied Rates | Actual Death

50 24584 0.000605 14

51 32587 | 0L0006S3 3

52 15784 o.o00748 |16
53 21336 | 0.000823 22 =T

54 | 25874 0.000908 2 K
55 21554 0.001005 23

56 | 23967 0.001104 25 i
7 25811 0.001239 30

58 26911 | 0.001378 28

59 78445 | 0.001336 38 '

T 0205 0.001713 43 ' J

a) Carry out 2 tesl for overall goodness ol 11t of the data, using a 5% significance level.
b} Further, carry oul one addilional west to more appropriate conclusion, and give your
, eonclusion.

Far each test vou should clearly indicate the Null Hypothesis and Findings of vour test.
b
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Cemdidates are required to zive their answer in thelr own words as far as praciicable,
Attempt ALL questions.
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Group A I3 x3=15|

What are the negations ol the starcment ¥x (> x) and 3x (x* = 2)7 Show that

—¥x (P(x]  »Q(x)) and Ix (P(x) A —Q(x)) are logically cquivalent,

Detine greatest common divisor and least common multiple of two integers. Lot a and b be two
positive integers, then prove that ab =ged{a,b).lemiab). Also, express ged (252,198) as a linear
combination of 252 and 198,

Statc principle of mathematical inducticn. Use mathematical induction to prove that 2'< n! for
every posilive integer n with n=4.

State binomiial theorem for a non negative imcger n. What is the coefficient of %% in the
expansion of (1}&-3}'}23?
Deline bipartite graph. Why Kj is not bipartite? Also determine whether the following pair of
vraphs are isomaorphic:

Group B [§ %6 =230]

State and prove Associalive laws ol set algebra by using membership table, Define a posct. Show
that the divisibility relztion on the sel of positive intezers is a posel. When a posct is said to be
tatally ordered? Give an example of totally ordered set,

OR
What is an equivalence relation on a szt A? Lel R = {rx plox, v N x - pis divisible by 5} bea
relation. Prove that R is an equivalence relation. Also show that the st of odd positive integers is
a countable set.

Write the steps of strong induction. Supposc we can reach the first and second runges ol an infinite
ladder, and we know that il we can reach a rung, then we can reach two rungs higher, Can we
prove thal we can reach every rung using the principle of mathematical induction? Can we prove
that we can rcach cvery rung using strong induction?

OR
What is the dillerence between strong induction and prineiple of mathematical induction? Use
strony induction to show that if n is an integer grealer than 1, then n can be written gs the product
ol primes.



8. Telephone numbers consists of 7 digits and none of them begin with zero. How many telephone
numbers could be possible if no digit appears more than unce? [f the successive coelficients in the
expansion of (1 +x)" are 28, 56 and 70, find ». Show that the coefficient in the middle term of the
expansion of (L+x)™ is equal o the sum of the coellicients in the two middle terms of the
expansion of (] +ey ™

9. Siale Fermat's little theorem. Show that 341 is a pseudoprime to the base 2. Find all solutions (0
the system ol congruence x=7(mod %), x=4(mod 12),x=16(mod 21).

10. Definc a ronted tree. When it is called m-ary and full m-ary? Define spanning tree and minimum
spunning tree, Use Kruskal's algorithm to find a minimum spanning tree in the graph given
below:



